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First Liversidge Lecture. 


DELIVERED BEFORE THE CHEMICAL SoOcIETY ON NOVEMBER 297TH, 
1928. 


By FREDERICK GEeoRGE Donnan, C.B.E., LL.D., F.R.S. 


Physical Chemistry in the Service of Biology. 


WuEN Lavoisier discovered the essential function of oxygen and 
oxidation in the respiration and life of animals, thus bringing to 
fruition the earlier views of Mayow, the modern world began to 
realise that the life and activity of living beings are based on 
chemical processes. No doubt ideas of this sort may be traced 
back to much earlier times, though they were incapable of any 
continuous and exact treatment owing to the rudimentary con- 
dition of chemical knowledge. It was the vast development of 
chemical facts and theories in the nineteenth century which first 
provided the biological sciences with materials and tools which 
could be utilised in the study of the phenomena of life. 

The first place of honour in this splendid history must be assigned 
to the science of organic chemistry, which, as the name implies, 
began as the special study of the complex carbon-containing com- 
pounds produced by living things. The extra-vital synthesis of 
urea by Wohler, and other similar examples, struck a shrewd blow 
at earlier vitalistic theories, and inspired in the minds of chemists 
a great vision of hope, power and usefulness. Perhaps the greatest 
of those early triumphs of organic chemistry was the elucidation 
of the nature of the fats by Chevreul. It would, however, be both 
tedious and invidious to draw up any chronological or other roll of 
honour in this story of intellectual and practical achievement. 
One by one, the great classes of complex carbon-containing sub- 
stances, found in living tissues or secreted by living organisms, have 
yielded up the secrets of their composition and structure. Purine 
compounds, carbohydrates, proteins, lipoids, sterols, alkaloids, plant 
colouring matters—these names represent now daily intercourse in 
the great household of living Nature. Progress in this field of 
science is still vigorous and rapid, and will doubtless continue so 
for a long period of time. To mention only a few examples, the 
proteins, the complex carbohydrates, and the lipoids offer vast 
fields of unexplored territory. When to such cases we add the 
enzymes, vitamins, and hormones, and, no doubt, many things still 
undreamt of, we obtain some idea of the immense region awaiting 
exploration and cultivation. 

This progress of organic chemistry established the chemical 
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molecule of Avogadro and Cannizzaro as the prime worker in the 
busy hive of life. It is the molecules which transport the life-giving 
oxygen and are oxidised or reduced; and it is the molecules that 
are hydrolysed and broken down, or synthesised and built up, in 
the mysterious alchemy of the living cell. In the development of 
organic chemistry we perceive the molecule as the symbolic unit of 
life. 

It would be a great mistake and a grievous error to forget the 
great services rendered by inorganic chemistry to biological science. 
Does not water constitute about 75% of the protoplasmic system 
of a living cell? Even an Archbishop of Canterbury consists very 
largely of water, though I do not wish to suggest that theology and 
water are inseparably associated. Life cannot exist without 
inorganic salts. The protoplasmic system of the living cell con- 
tains the chlorides, bicarbonates, and phosphates of sodium, potass- 
ium, and calcium. Doubtless other salts are frequently present. 
Iron, copper, magnesium, manganese, and iodine are known to 
play various and important roles in the phenomena of life. Organic 
molecules containing only carbon,. hydrogen, oxygen, nitrogen, 
sulphur, and phosphorus do not reign supreme in the chemical and 
physical mechanism of the living cell. There are many workers 
and few drones in the hive of life. Oxygen, water, and numerous 
inorganic salts play a vital and essential part. They are found 
not only within the living cells but also in the circulating fluids of 
the milieu iniériewr of animals and plants. Life, if it originated 
on this planet, almost certainly did so on or near the surface of 
the primeval ocean. Biological science, therefore, owes much to 
the development of an exact science of inorganic chemistry during 
the nineteenth century. 

During the advance of both organic and inorganic chemistry in 
that century, attention was largely directed to the discovery of 
new substances, to questions of composition and atomic structure, 
and to the study of the nature and relative amounts of the initial 
and final substances taking part in chemical reactions. But side 
by side with these studies many others were pursued. Long before 
the modern science of physical chemistry arose, chemists had taken 
a deep interest in kindred aspects of their science. In other words, 
physical chemistry has a history which takes us back at least as 
far as the eighteenth century. Berthollet and others studied the 
effects of concentration and temperature, and especially of small 
solubility and great volatility, in modifying the direction and 
extent of chemical actions. Much of the work of John Dalton and 
of Gay Lussac might well be regarded as of a physicochemical 
nature. Avogadro was a physicist, whilst Volta and Humphry 
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Davy may be said to have laid the earliest foundations of electro- 
chemistry. 

It would be quite inappropriate on the present occasion to trace 
the development of physical chemistry during the last one hundred 
and fifty years. It must suffice to remark that gradual and increas- 
ing attention was paid to the physical properties of substances and 
to questions relating to chemical kinetics, to the thermal dis- 
sociation of molecules, and to the effects of concentration, temper- 
ature, and pressure on chemical equilibria. Biologists did not at 
first make any extensive use of this growing material, though many 
exceptions to this general statement will occur to the mind of any 
historian of that science. For example, physiologists derived con- 
siderable aid from the facts and principles relating to the solubility- 
equilibria of gases and to the laws of diffusion. The remarkable 
researches of Thomas Graham attracted their attention and were 
of obvious service and utility. We can indeed draw no hard and 
fast line, and say that at this date or that biology began for the 
first time to make use of the results of physicochemical research. 
It will, however, be doing no great violence to the facts of history 
if we say that it was the particular science of physical chemistry 
as created by Raoult, van ’t Hoff, Ostwald, Arrhenius, and Nernst 
which first began to exert a powerful influence on biology. The 
reasons are not far toseek. Van ’t Hoff established the quantitative 
theory of osmotic pressure and the simple thermodynamical theory 
of dilute solutions. When physical chemists began to talk of the 
theory of solutions and of equilibria across semipermeable mem- 
branes, they were discussing things of immense interest to every 
biologist who could think and work quantitatively. Every student 
of biology knew that the phenomena of life were deeply concerned 
with dilute solutions and semipermeable membranes. The work of 
Traube, Pfeffer, and de Vries on osmotic equilibria and the plas- 
molysis of plant cells acquired at once a deeper meaning and a 
purely physical explanation. It was clear that another stronghold 
of the older vitalism was about to fall. The experimental work of 
Raoult combined with the thermodynamical theory of van ’t Hoff 
enabled the molecular weights of many substances to be deter- 
mined, which could not be vaporised without decomposition. As 
the majority of biologically important organic substances are of this 
character, these new methods came as very welcome aids to the 
organic and physiological chemists. 

It is difficult to exaggerate the importance for biology of the 
osmotic theory of semipermeable membranes, based on the work of 
Pfeffer and van ’t Hoff. As mentioned previously, three-fourths of 
the contents of the living cell consist of water. The retention of 


4340 





1390 DONNAN : 


this water is of vital importance. If too much water leaves the cell, 
the inner contents become too concentrated and this concentration 
may easily reach a toxic value. If too much water enters, the cell 
may burst. What adjusts this beautiful water equilibrium? The 
answer of science is simple. It is purely a question of the molecular 
concentrations of the non-permeable constituents in the fluids 
within and without the cell, the internal and external plasma. 
These alone determine the activity of the water molecules within 
and without, and so adjust the water equilibrium. What at one 
time would have appeared as a mysterious vital action of the living 
cell was now explained as a result of the predictable activity of 
molecules. 

Theionisation theory of Arrhenius came as a veritable bomb-shell in 
thechemicalworld. Many chemistsinthisand other countries opposed 
it very strongly, since it seemed that the kingdom of the molecule 
was seriously threatened. The ionic theory has, however, triumphed 
and its development has revolutionised a large part of the theory 
of solutions. Especially the peculiar condition of acids, alkalis, and 
salts in aqueous solution, and their interactions and equilibria have 
been to a large extent elucidated and brought within the scope of 
quantitative measurement. This transformation of a great range 
of chemical phenomena has had an enormous effect on biological 
science. We have only to reflect again on the fact that ionised 
electrolytes occur as essential constituents of the living cell and 
the milieu intérieur of complex organisms, to realise the fundamental 
importance of the part played by ionisation and ionic equilibria in 
the life of animals and plants. The hydrogen-ion activity deter. 
mines the molecular state and colloidal condition of the amphoteric 
proteins in aqueous solution, and the optimum activity of enzymes. 
Little wonder then that it is the hydrogen ion which controls the 
activity of the respiratory centre in the higher animals and plays 
an important part in the functioning of muscle and nerve. Little 
wonder, too, that the delicate dynamic equilibrium of living proto- 
plasm requires a close regulation of the hydrogen-ion concentration. 
Everywhere this concentration is determined by known or by 
theoretically calculable ionic equilibria. These equilibria essentially 
involve the amphoteric proteins, or the protein ampholytes as they 
are now called. The ionic theory of these amphoteric equilibria 
we owe to the genius of our fellow countryman, Sir James Walker. 
It is no exaggeration to say that this development of the ionic 
theory has been of fundamental importance for the understanding 
of the phenomena of life. 

Young students of the present day can scarcely realise the 
enthusiasm with which, some thirty to forty years ago, the ionic 
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and osmotic theories were received and applied by active investig- 
ators in general physiology and biology. A reference to Ham- 
burger’s great two-volume work, entitled ‘‘ Osmotic Pressure and 
Ionic Theory in the Medical Scienves,”” which was published in 
1902, will give them a very fair picture of the immediate results of 
that application, whilst a comparison with the fifth edition of 
Héber’s “‘ Physical Chemistry of Cell and Tissue,” published in 
1922, 7.e., exactly twenty years later, will show the immense 
development of physicochemical biology during the first two 
decades of the present century. 

It is well known at the present day that the theory of osmotic 
pressure which we owe to van ’t Hoff was a specially simple case, 
indeed an ideal limiting case, of the general theory given by J. 
Willard Gibbs, some ten years previously, in his great paper on 
the ‘‘ Equilibrium of Heterogeneous Substances.” To Willard 
Gibbs we owe also the thermodynamic theory of chemical equil- 
ibrium. Indeed the general theory of those physical and chemical 
equilibria which play such a great part in the phenomena of life 
was given by Gibbs in the paper alluded to previously. There is a 
vast deal more in Gibbs’s paper than the thermodynamic principles 
of osmotic pressure and chemical equilibrium. Some of this has 
been utilised by later workers, though without doubt much more 
gold can be obtained from that almost inexhaustible mine. 

It may be appropriate here to deal with one particular case. In 
dealing with the effects produced by semipermeable membranes, 
Gibbs gives in equation (78)—see page 83 of Volume I (1928 edition) 
—a condition of equilibrium which must hold when certain con- 
stituents can simultaneously diffuse across the membrane in definite 
proportions, these proportions being the same for the solutions on 
both sides. This condition of diffusion in definite proportions may 
be provided by the electrical forces, which require that ions must 
diffuse in equivalent proportions. Later investigations have shown 
that these ionic distribution or exchange equilibria play an im- 
portant role in biology, very similar to that played by the osmotic 
water equilibrium. The outer surface of the protoplasm of the 
living cell forms a thin, apparently gelated, membrane or skin 
(Plasmahaut) which acts as a semipermeable membrane. Certain 
ions, whether simple inorganic ions, such as sodium and potassium, 
or the large micellar ions of protein ampholytes, may be unable 
to cross the membrane. This state of affairs produces an unequal 
distribution of the freely diffusible ions. Such unequal distributions 
give rise to osmotic pressure effects and to differences of electrical 
potential. Combined with the water equilibrium, these ionic 
distribution-equilibria have proved of considerable importance in 
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cellular physiology, and have been very fully worked out by Law- 
rence Henderson and van Slyke in the case of red blood cells, 
Those interested in the matter may be referred to van Slyke’s book 
‘* Factors affecting the Distribution of Electrolytes, Water, and 
Gases in the Animal Body ”’ (Lippincott & Co.), and to the recently 
published work on “Blood” by Lawrence Henderson (Yale 
University Press), Can we speak of crude vitalism defeated by a 
set of mathematical equations? Perhaps not. At all events, those 
who read attentively the monographs of Van Slyke and Henderson 
will experience a singular pleasure in perceiving certain operations 
of the living cell reduced to mathematical equations derived from 
the principles of molecular physics. There is undoubtedly a vision 
of hope, power, and usefulness in such modest beginnings. 

The microscopic histology of living organisms demonstrates that 
membranes and surfaces play an essential role. It might be no 
great untruth to state that life depends on a relatively gross 
heterogeneity, in which surfaces and colleid particles constitute the 
chief morphological elements. The membranes are simply very 
thin skins with a double surface, one turned towards the outer 
world, the other enclosing the precious protoplasmic system. The 
existence of these protoplasmic membranes depends on a labile, 
varying, and delicate series of equilibria between the inner content 
and the external fluid or plasma. If the right conditions do not 
hold within and without, the membrane loses its essential properties 
or disappears. In either case the complex of phenomena termed 
“life’’ vanishes. Whatever may be the real nature of these 
deiicate membranes, it appears certain that the ionic constitutions 
of the inner and outer plasmas play an important part in deter- 
mining their existence and proper state. We must, on this ground 
alone, add the ion as another of the workers in the hive of life. The 
ion is indeed. no poor relation of the molecule. Acting together in 
friendly co-operation, they help to gather the honey and make the 
comb. 

The importance of surfaces and surface membranes is indeed self- 
evident when we reflect that the living cell must guard its essential 
contents from dispersion into the outer world, must select from 
this outer world the raw materials required for its processes, and 
discharge thereinto the waste materials whose accumulation would 
eventually destroy it. We owe to Willard Gibbs very important 
considerations relating to surfaces of separation between different 
media. His thermodynamical theory of the accumulation of 
materials and energy in such thin interfacial films has been extremely 
useful in physical chemistry and possesses an obvious bearing on 
the molecular structure of cells and tissues. Modern advances in 
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this subject have, however, travelled in a somewhat different 
direction. A brief reference to them at this point may be suitable. 

There exist at such surfaces of discontinuity powerful uncom- 
pensated fields of atomic and molecular force, as a result of which 
molecules and ions are held or adsorbed, in spite of the general 
thermal agitation which always tends to disperse them uniformly. 
These force-fields may be of various sorts. They may be due, as 
the physicist says, to ‘‘ van der Waals ”’ forces, or to the forces of 
electrical dipoles existing in molecules. They may arise from the 
electrical fields of ions or atom-ions. Some of these force-fields 
may be of considerable extent and perhaps considerable symmetry, 
whilst others are undoubtedly highly localised and decrease rapidly 
with distance. The latter class are of great importance, since 
they cause the orientation and regular arraying of molecules and 
ions at surfaces and in surface films. Their action contributes in 
an essential way to the production of those unimolecular layers 
which have been so much studied in recent years. Many cases of 
adsorption at surfaces would be unintelligible if we did not realise 
the existence of these small intense fields of force which are highly 
localised in the neighbourhood of “active” atoms or atomic 
groups. 

Let us pause for a moment to consider the importance of these 
phenomena in biology. A living cell is not merely a little vessel 
containing salts, proteins, sugars, fats, and enzymes in which 
chemical reactions occur as in a beaker or flask. There is organis- 
ation, and organisation in space means arrangement. In this 
orientation of molecules and ions at surfaces we may perceive, 
perhaps, the first faint glimmering of the organised arrangement of 
the living mechanism. If we assume that this special mechanism 
is essentially an affair of ions and molecules and their potentialities 
and powers, then we are almost forced, I think, to search for some 
at least of its special characteristics, for part of its inner or micro- 
morphology, in molecular arrangement. Perhaps a very rough 
analogy may help to illustrate this idea. The affinity of hydrogen 
for iodine at room temperature is less than that of hydrogen for 
chlorine. Hence in an unorganised assemblage the drive of the 
hydrogen-iodine affinity cannot dislocate the combination of hydro- 
gen and chlorine. To put the matter more exactly and directly, 
chlorine displaces iodine from such a combination. I speak here 
quite roughly and without reference to the ionic theory, as this will 
suffice for the present purpose. Suppose we construct a number of 
hydrogen-iodine and hydrogen-chlorine galvanic cells. Each 
hydrogen-chlorine cell will have a higher electromotive force than 
each hydrogen-iodine cell. The H.M.F. is a measure of the 
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potential of each sort of energy. Now bring in the element of 
arrangement. Construct a set of cells in series, in which a 
sufficient number of the hydrogen-iodine cells are working together 
and against, say, a single hydrogen-chlorine cell. The result will 
be that hydrogen and iodine will combine together to give hydrogen 
iodide, whilst simultaneously hydrogen chloride will be decomposed 
into hydrogen and chlorine. To put the matter in an amusing way, 
we have here a sort of electrochemical “organism.” We feed it 
with hydrogen, iodine, and hydrogen chloride. As long as we feed 
it, it operates and does work, excreting hydrogen iodide as waste 
product, and synthesising the system hydrogen and chlorine. It 
takes in chemical energy of two different sorts, runs one form 
down to the lowest possible potential and simultaneously produces 
a form of chemical energy, smaller in amount but higher in potential 
than any of the forms taken in. The living cell is very like that, 
though I will not suggest that this electrochemical ‘“ animal ”’ has 
any direct relation to life. But you can perceive the effects of 
arrangement, or organisation. Who can say what molecules and 
ions may not do when suitably arranged or woven in effective 
patterns that permit the unfolding of their potentialities? There 
may just possibly exist in the mechanism of life something like an 
internal electrolysis or atomic movement, occurring in and along 
oriented and linked chains or other patterns of organised molecules 
or ions. Such phenomena may occur at or in the protoplasmic 
membranes. The membrane, the internal granules, and the colloid 
constituents of the intergranular fluid are all protected by electric 
layers due to oriented ionic adsorption. The ionic clouds or atmo- 
spheres which surround the granules and the colloid protein micelles 
may act both as buffers and as linkages between these cell 
constituents. 

Adsorption at surfaces must play a great part in the phenomena 
of life. It is quite possible, nay indeed very probable, that the 
action of toxins and drugs is due to their adsorption on the proto- 
plasmic membrane. Entrance into the living cell is, of course, not 
excluded. The suggestion is, however, interesting, and may be 
important, that the poisoning or toxic action is due to adsorption 
on the outer membrane surface. Such adsorption, if sufficiently 
complete, would interfere with the flux of materials across the 
membrane which is necessary for life. Furthermore, it might well 
disturb the delicate equilibria on which the existence and semi- 
permeability of the membrane depend. It is known in the poisoning 
of inorganic catalytic surfaces that very small amounts are necessary, 
since most, if not all, of the catalytic action is confined to certain 
particularly active parts of the surface. It is just possible that the 
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apparently undifferentiated surface of the protoplasmic membrane 
may possess certain differentiated and particularly active parts. 

The consideration of the phenomena of adsorption leads to that 
of colloids. The science of colloid chemistry deals with disperse 
systems containing small particles varying in size, roughly speaking, 
between 1 and 200 millimicrons (uz). A millimicron is one millionth 
of a millimetre, or a ten millionth of a centimetre. These small 
particles may be little crystals, or extremely large molecules. Very 
generally they are complex groups or aggregates of molecules and 
ions known as micelles. Their sedimentation under gravity is 
prevented by their active Brownian motion, whilst their coherence 
under the influence of the general forces of cohesion is prevented 
by the electrical ionic fields and by cushions of water molecules. 
To the other workers in the hive of life we must undoubtedly add 
the colloid micelles. They constitute an essential element in the 
micro-morphology of life. A very great role is due to the electro- 
lytic colloids, or colloid electrolytes, in which at least one polar 
constituent is an electrically charged ionic micelle, or, at all events, 
such a very large ion that it exhibits colloid phenomena ; for example, 
that it cannot pass across the semipermeable protoplasmic membrane. 

If a colloid system is truly fluid and exhibits no elastic properties, 
it is called a sol. Under certain conditions the micelles or particles 
of the sol may cohere or link together to form a framework, and 
when this happens the sol sets to a gel and generally acquires 
elastic properties. 

Now, needless to say, I have no intention to enter into any 
details of colloid chemistry or physics. Permit me, however, to 
refer to a few points. We saw that the retention and loss of water 
by cells and tissue were explained by the osmotic water equilibrium. 
That view has been supplemented in recent years by considerations 
relating to the hydration of gels and their constituent micelles. 
Various conditions can affect the amount of water held or bound 
by what are known as lyophilic micelles. The study of such 
phenomena has opened up new methods of attack on the problems 
of physiology and pathology. Some idea of the importance attached 
by modern biologists to colloid phenomena and colloid structures 
may be gained by a perusal of the monograph on the “ Colloid 
Chemistry of Protoplasm ” written by L. V. Heilbrunn and recently 
published by Borntraeger of Berlin. Even this relatively short 
monograph contains 43 closely printed pages of bibliography. 
Modern biologists have examined the colloid condition of the 
protoplasmic system by microscopic dissection with extremely thin 
needles, by the movement of inserted iron particles or minute 
spheres of nickel under the influence of magnetic fields, and by 
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observation of the movements of the granules under the influence 
of centrifugal force. The last method has been particularly 
developed by Heilbrunn. What are the results? It appears that 
the protoplasmic system is enclosed in a thin gelated membrane or 
plasma skin, derived chiefly from its own contents. Inside this are 
numerous granules, which are relatively so large that they con- 
stitute a fine suspension rather than a colloidal system, 1.e., they 
are visible in the microscope. These granules float in an inter. 
granular liquid which possesses a viscosity only three or four times 
that of pure water at the same temperature, and exhibits no elastic 
properties of any sort. It is not therefore a gel. The viscosity of 
the whole protoplasmic system is only some seven or eight times 
that of pure water. Besides the granules, there is, of course, in 
general, the nucleus, and inside the nucleus one or more bodies 
called nucleoli, and more granules. Spaces known as vacuoles 
may also occur. Previous to heat death, or to death due to toxic 
substances, gelation of the protoplasmic system occurs. Heilbrunn 
suggests that the granules are coated with a layer of adsorbed 
lipoid material and adsorbed calcium ions. The inorganic salts, 
proteins, and sugars are supposed to exist chiefly in the inter- 
granular liquid, the nucleo-proteins (as the name would imply) 
inside the nucleus. The nucleus is itself surrounded by a thin 
hyaline membrane. 

I have ventured to mention these facts on the present occasion, 
though no doubt they are known to every biologist. I have done 
so for a very obvious reason. If we accept this picture as a generally 
valid account of the normal colloid micro-morphology of proto- 
plasm, then we are gazing at the inner citadel of life. At all events, 
we are gazing at the walls and battlements, even though we cannot 
see the soldiers. It is of the greatest importance to know whether 
the sol, rather than the gel, condition is the normal state of proto- 
plasm. In recent years very curious phenomena have been dis- 
covered, chiefly by Freundlich and his collaborators. Certain sols 
under certain conditions pass into a sort of gel state on standing 
at the same temperature. These gels revert easily to the sol state 
when gently agitated. Freundlich calls such systems thixotropic 
gels and has given the name thixotropy to the phenomenon. It 
appears that when gelation occurs, the sol micelles arrange them- 
selves in a pattern or framework without actually cohering or 
eoming quite close to each other. The interlocking or binding 
mechanism may be provided by particularly strong, extensive, and 
possibly oriented ionic clouds. The question therefore arises 
whether the sol of the protoplasmic system is not in reality a thixo- 
tropic gel. Freundlich has pointed out that under the influence of 
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external magnetic fields small metal spheres are able to make their 
way freely through a thixotropic gel. The force which propels 
them is able to break down the delicate structure as the metal 
sphere moves forward. However that may be, Heilbrunn has 
brought forward good evidence that the viscosity coefficient, 
calculated from the movement of the protoplasmic granules through 
the intergranular fluid under the influence of centrifugal force, 
shows no variation with the rate of shear. The intergranular 
liquid, therefore, exhibits no signs of elasticity and must be a true 
sol. This is a very important result and one which will tend 
greatly to simplify the study of the protoplasmic system. There 
can be little doubt that in this study colloid chemistry and physics 
are destined to play an essential role. The protein framework of 
life would seem to present a mobile micro-histology lying within 
that region of dimensions which constitutes the rightful kingdom 
of colloid science. 

Life, however, is not merely an affair of equilibrium and micro- 
structure, of oriented molecules and ions and delicately balanced 
micelles. Within and around this framework there exists a con- 
tinual flux of physical and chemical action. The protoplasmic 
system operates by utilising the free energy of its environment. 
It is a free energy converter, utilising the free energy of oxygen 
plus combustible organic substances, of complex organic substances 
alone, and of sunlight. It is a physicochemical machine, a dynamical 
or kinetic system. It is a truism of biology to say that the living 
organism cannot be considered apart from its environment. But 
this environment must possess some quality of non-equilibrium. It 
is the unbalanced environment which is the source of life and 
action, whilst the living organism is but the energy transformer, 
though one of a peculiar and still mysterious character. In many 
respects the active protoplasmic system is like a flame. Its very 
structure is dynamic-—-chemo-dynamic, in fact. Living things may 
indeed possess resting phases when life seems almost absent, or at 
least independent of the environment. But these resting phases 
may well involve the slow utilisation of internally stored chemical 
free energy. It is very probable that there can be no life without 
this direct or indirect and continuous transformation of environ- 
mental free energy. If this action stops entirely and irreversibly, 
the chemo-dynamic structure of life begins to melt away. Here is 
a field of investigation where physics and chemistry have still a 
long road to travel before they can render substantial aid to the 
biologist. 

But what do we understand to-day by physics and chemistry ? 
A subtle revolution is taking place in the science of inanimate 





1398 PHYSICAL CHEMISTRY IN THE SERVICE OF BIOLOGY. 


things. The “organismal” concept is invading physical science 
and may be studied in the writings of Whitehead and Ritter. The 
principle of determinism seems to have disappeared from the 
modern quantum mechanics of micro-systems. Indeterminate 
specification and statistical probability appear to have replaced the 
exact specification and deterministic sequence of the older physics. 
The forgotten philosophy of Karl Pearson has become the mode, 
“ Causes ” have lost much of their bright outlines and “ effects ” 
are multiple and indeterminate. 

These changes are of great import for the future study of biological 
phenomena. Rigid determinism has always been repugnant to the 
true believer in biology. Boltzmann, Gibbs, and Smoluchowsky 
first, and now the modern exponents of quantum statistics have 
driven that ancient spectre from the physicochemical science of the 
inanimate. No iron barrier of fixed and inevitable happening now 
separates thought in physicochemical science from the thought of 
the biologist. A great mathematician and physicist like Eddington 
is driven to place consciousness as the background of our symbolic 
knowledge of the world around and within us. Unimagined and 
almost unimaginable vistas of thought are disclosed to the vision 
of the young men of to-day. Growth, adaptation, evolution, voli- 
tion—these mysteries of life may at no distant future cease to be 
the enemies of the differential equations of the physicist, for these 
equations are now but the historic landmarks of a past that is 
gone. And so we march forward. Let us end by giving praise to 
the great men of that splendid past. Their work remains, and, 
like all good work, is valid within its sphere. Where would general 
physiology be to-day without the thermodynamics created by 
Mayer, Joule, Carnot, Kelvin, Clausius, and Gibbs? Where would 
physical science be without the dynamics of Newton, Lagrange, and 
Hamilton? Whatever may be the great biological science of 
future centuries, it will have been built by many hands. No 
barriers of thought will separate it from the physics and chemistry 
of the future. The concept of organism as an “‘ organised whole,” 
which is so essential to biology, has already begun to make way in 
physical science. Modern mathematics concerns itself much more 
with order and arrangement than with number and magnitude. 
There may come a time when a future Liversidge Lecturer will find 
it fitting to speak of the fundamental contributions of biological 
thought to the development of physicochemical science, or rather 
to the development of a homogeneous science embracing all exist- 
ences and happenings. 
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CLXXXI.—The Migration of the Acyl Group in Partly 
Acylated Phenolic Compounds. Part II. Synthesis 
of Anthragallol 1:2- and 1:3-Dimethyl Ethers. 


By ARTHUR GEORGE PERKIN and CHARLES WILLIAM HERBERT 
Story. 


In earlier communications (Kubota and Perkin, J., 1925, 127, 1889; 
Perkin and Storey, J., 1928, 229), it was shown that when the partly 
acylated compounds therein described, mainly derivatives of 
anthraquinone dyes, are methylated with diazomethane, a migr- 
ation of the acyl group from the 2- to the 1-position occurs; for 
example, 2-acetylalizarin (1) gives mainly l-acetylalizarin 2-methyl 
ether (II), and only a small amount of 2-acetylalizarin 1-methyl 
ether (III). 
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The extent of the migration, which is in no case complete, is depend- 
ent, in the instances cited, upon the nature of the acyl group 
present, being (a) with the acetyl group approximately 85%, (b) with 
the ethylcarbonato-group 25%, and (c) with the benzoyl group 20% 
of the possible amount, whereas a wandering of the toluene-p-sul- 
phonyl group does not occur. 

Many years ago it was shown by Perkin and Hummel (J., 1893, 
63, 1160) that Chay root, Oldenlandia wmbellata, contains, in addition 











b 
a to alizarin and its glucoside ruberythric acid, anthraquinone deriv- 
and | atives devoid of tinctorial properties, and amongst these alizarin 
of @ 1-methyl ether, and two anthragallol dimethyl ethers were of special 
No @ interest. Though the nature of the latter substances has been 
try | disputed by Bock (Monatsh., 1902, 23, 1008), further work has 





shown (Perkin, J., 1907, 91, 2066) that his criticism is incorrect, and 
there can now be no doubt that these compounds are the 1 : 2- and 
1: 3-dimethyl ethers of anthragallol. Owing to the presence in 
these substances of the 1-methoxy-group, their preparation from 
anthragallol by ordinary methods of methylation could not be 
effected, and attention was therefore directed to the use of diazo- 
methane for this purpose, a reagent recently found serviceable for 
the synthesis of alizarin 1-methy] ether (Kubota and Perkin, loc. cit.). 
By employing this agent, these authors had already obtained from 
2 : 3-diacetylanthragallol (IV), 1: 3-diacetylanthragallol 2-methyl 
ether (VI), together with a second substance which, judging by 
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analogy with the behaviour of 2-acetylalizarin under similar con. 
ditions (I, If, and IIT), was thought to be 2 : 3-diacetylanthragallol 
1-methyl éther. A further examination of the latter, however, has 
shown that it is in reality the acetyl derivative of the methyl ether 
prepared by Bock (loc. cit.) from anthragallol 2 : 3-dimethyl ether 
and by Perkin (loc. cit.) from the 1 : 3-dimethyl ether by the action 
of sulphuric acid, and which, therefore, should contain the methoxy. 
group in the 3-position.. As the formation of 1 : 2-diacetylanthra. 
gallol 3-methyl ether from 2 : 3-diacetylanthragallol, was out of 
harmony with the former results, it was necessary to be certain 
that the orientation assigned to the anthragallol 3-methyl ether was 
correct, because, in accordance with the views expressed later, this 
might prove not to be the case. The preparation of anthragallol 
1: 2-dimethyl ether from 3-aminoalizarin dimethyl ether was 
accordingly attempted, and after diazotisation in concentrated 
sulphuric acid solution, the diluted liquid was cautiously heated. 
In all variations of the process, however, partial demethylation 
occurred either of the diazonium compound itself, or of the anthra- 
gallol 1 : 2-dimethyl ether derived from it, and anthragallol 2-methy| 
ether, identical with that obtained by Kubota and Perkin (loc. cit.) 
by other methods, was produced. The result, however, clearly 
indicated that, as the product of the partial demethylation of the 
1 : 2-dimethy! ether of anthragallol is the 2-methoxy-compound, and 
as this is not identical with the product derived by a similar process 
from partly methylated anthragallol, the latter can only be the 
2 : 3-dimethyl ether, and consequently the methyl ether of Bock 
must contain the methoxy-group in position 3. The action of 
diazomethane on 2 : 3-diacetylanthragallol (IV) is thus particularly 
interesting, because during the production of (VII) it seems evident 
that migration of both acetyl groups has occurred. 


OAc OAc OAc 


OH 
O. Ac Y Nex be OMe \ OAc 
\co Ac Fatt Ac / Ac y OMe 
(IV.) (V.) (VI.) (VIL.) 


That the formation of the latter can hardly arise from the wander- 
ing of the 3-acetyl group to the 1-position appears to be certain, for 
it has already been shown by Perkin and Storey (loc. cit.) that this 
does not occur when 3-acetylpurpuroxanthin is treated with diazo- 
methane, 3-acetylpurpuroxanthin l-methyl ether being the sole 
product (compare also 3 : 7 : 3’: 4’-tetra-acetylquercetin; Kubota 
and Perkin, doc. cit.). There can be little doubt that 1 ; 3-diacetyl- 
anthragallol (V) is the first product of the reaction, and is subse- 
quently converted into (VI). Before the methylation of (V) is 
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complete, however, a wandering of the acetyl group from the 3- to 
the 2-position takes place with the eventual formation of (VII). 

For the synthesis, through the agency of diazomethane, of the 
|: 2- and 1 : 3-dimethyl ethers that occur naturally in Chay root, 
monomethyl ethers of monoacylated anthragallols are necessary as 
a starting point. Many of those employed in the present investig- 
ation are novel, and the results of the experiments dealing with these 
substances are divided into sections. 

(i) When anthragallol 2-methyl ether was partly acetylated, the 
3-acetyl compound (VIII) was produced, and from this, by the 
action of diazomethane, a mixture of 3-acetylanthragallol 1 : 2-di- 
methyl ether (LX) and anthragallol trimethyl ether (X) was obtained, 












allol # no migration of the acetyl group occurring. 
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thyl # From (IX), anthragallol 1: 2-dimethyl ether was obtained by 




















cit.) f hydrolysis, and this, as its properties and a mixed melting point 
arly # showed, is identical with the natural product. The replacement of 
the ff acetyl by methyl, as demonstrated by the formation of (X), the 
and ff yield of which varied according to the concentration of the diazo- 
288 J methane and the duration of the experiment, had previously been 
the #f observed by Herzig and Tschatschet (Ber., 1906, 39, 265), who thus 
ock ff obtained diacetylpyrogallol monomethyl ether from triacetylpyro- 
of ff gallol and p-methoxy- and m-methoxy-benzoic acids from the 
tly & corresponding acetoxybenzoic acids. 
ent (ii) By the partial benzoylation of anthragallol 3-methyl ether, 
2-benzoylanthragallol 3-methyl ether (XI) was obtained. This, on 
treatment with diazomethane, yielded 1-benzoylanthragallol 2 : 3-di- 
Ae fy methyl ether (XIT) (80% approx.) and 2-benzoylanthragallol 1 : 3-di- 
Me i methyl ether (XIII) (16%). 
OH OBz OMe 
or 40 OBz Oi Osi 
‘or \o O r, OMe Wi, OMe Me 
is (XI.) (XII.) (XIIT.) 





The anthragallol 1:3-dimethyl ether derived from (XIII) by 
hydrolysis proved to be identical in all respects with that tormerly 
isolated from Chay root, whereas the 2: 3-dimethy] ether, similarly 
obtained from (XII), coincided in properties with that prepared by 
Bock (oc. cit.) by the direct methylation of anthragallol with methy] 
sulphate and alkali in nitrobenzene suspension. 
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(iii) When 2-benzoylanthragallol 3-methyl ether (XI) was 
acetylated with acetic anhydride and pyridine at the boiling point, 
two distinct acetyl compounds, A and B (XIV and XV), were 
produced. A wandering of the benzoyl group occurs, therefore, in 
part during the acetylation process, a type of change which does not 
appear to have been previously observed. Which of these formule 
is to be assigned to (A) and which to (B) has not yet been ascertained, 


OBz OAc 


(XIV.) Y OAc 
J Me 


(iv) For the preparation of 2-benzoylanthragallol (compare 
2-benzoylalizarin; Perkin and Storey, loc. cit.) 2 : 3-diacetylanthra- 
gallol was cautiously benzoylated in pyridine solution. Here again 
the result was unexpected, for, in addition to unattacked substance, 
the product contained two isomeric monobenzoylmonoacetyl com- 
pounds (C and D). From these, by acetylation, two distinct 
benzoyldiacetylanthragallols were produced, both of which, on 
hydrolysis, gave 2-benzoylanthragallol (XVIII). As (C) can also 
be prepared by the partial acetylation of 2-benzoylanthragallol in 
the cold, it is evidently the 2-benzoyl-3-acetyl derivative (XVI); 


and (D), the benzoyl group of which must migrate during hydrolysis, 
is accordingly either 3-benzoyl- or 1-benzoyl-2-acetylanthragallol. 
In view of the results obtained by Fischer, Bergmann, and Lipschitz 
(Ber., 1918, 51, 45) with the polyhydroxybenzoic acids, which are 
discussed later, formula (X VII) is tentatively assigned to (D). 


OH OH 


(XVI) “ OBz \f ‘OAc (XVI) 
7 OAc Bz 


Such a migration of an acyl group during hydrolysis has not been 
previously observed during the investigation of acyloxyanthra- 
quinones. 

(v) When 2-benzoylanthragallol (XVIII) was treated with diazo- 
methane, three compounds were obtained, viz., 1-benzoylanthra- 
gallol 2 : 3-dimethyl ether (60% approx.) (XIX), 2-benzoylanthra- 
gallol 1 : 3-dimethyl ether (15-5%) (XX), and 3-benzoylanthragallol 
| mot a ether (13°) (X XI). 


cm OMe OMe 


we ‘On = » OBz OMe 
y, Me Bz 
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In this reaction, therefore, the benzoyl group migrates both from 
the 2- to the 1- and from the 2- to the 3-position, although to a much 
greater extent in the former than in the latter case. 

(vi) Although experiments on the direct gentle acetylation of 
anthragallol have hitherto yielded at once the 2 : 3-diacetyl com- 
pound, indicating the very similar basicity of the 2- and the 3-hydr- 
oxyl group, it has been shown by Green (J., 1926, 2198) that a mono- 
acetylanthragallol can be prepared from thionylanthragallol by 
treatment with boiling acetic acid. Considerations of steric hind- 
rance led the author to the conclusion that this substance is 3-acetyl- 
anthragallol. As, however, the derivative obtained, m. p. 219— 
220° (Green gives m. p. 212°), is soluble in cold sodium carbonate 
solution with a red colour (compare purpuroxanthin) devoid of blue 
tint (compare alizarin), there can be no doubt that it is in reality 
2-acetylanthragallol (XXII). Such a view is also in harmony with 
its behaviour towards diazomethane, for this is analogous to that 
shown by 2-benzoylanthragallol (section v) in that it yields 1-acetyl- 
anthragallol 2 : 3-dimethyl ether (67%) (XXIII), 2-acetylanthra- 
gallol 1 : 3-dimethyl ether (15°) (X XIV), and 3-acetylanthragallol 
& oot Oe ether (X XV). 


OAc OMe OG 


Ree OMe \ OAc nye 
Me OMe 


ip ) (X XIII.) (X XIV.) airs =i ) 


In these circumstances, therefore, the 2-acetyl group in 2-acetyl- 
anthragallol migrates to the 1-position, only slightly more readily 
than the 2-benzoyl group (section v): the tendency of the acetyl 
and the benzoyl group to migrate from the 2- to the 3-position is 
practically the same in both cases. 

(vii) By the action of diazomethane on 2 : 3-diethylearbonato- 
anthragallol (X XVI), Perkin and Storey (loc. cit.) obtained two di- 
ethylearbonatoanthragallol methyl ethers, (A) (80%), and (B), of 
which only 2% was isolated in a pure condition. (A), which was 
not at the time closely examined, has now been found to consist of 
1 : 3-diethylearbonatoanthragallol 2-methyl ether (XX VII), whereas 
(B), a sample of which had not been kept, is with little doubt the 
ina l-methyl ether (XXVIII). 


0-C,H,0, OMe(?) 
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The 2-ethylcarbonato-group in 2 : 3-diethylearbonatoanthragallo| 
thus migrates five times as readily as the 2-ethylearbonato-group 
in 2-ethylcarbonatoalizarin (loc. cit.). 

(viii) The action of diazomethane on 2 : 3-ditolwene-p-sulphony/l- 
anthragallol (X XTX) was now studied in the hope that in this, as in 
former cases, the toluene-p-sulphonyl group would not migrate, and 
thus permit of the preparation of anthragallol 1-methyl ether, a 
derivative hitherto unknown. The expectation was realised, since 
2 ; 3-ditoluene-p-sulphonylanthragallol 1-methyl ether (XXX) was 
the sole product of the reaction. 


OH OMe 


(X XIX.) SO,°C,H, O°SO,°C,H, (XxX.) 
SO,°C,H, 0-SO,°C,H, 


By the hydrolysis of (XXX), an operation not easily effected, 
anthragallol 1-methyl ether was obtained. This dissolves in alkalis 
with a bluish-green colour, identical with that given by hystazarin. 
As a result of the synthesis of this compound, all the possible 
anthragallol methyl ethers are now known. 

(ix) The resistance to hydrolysis exhibited by (X XIX) has made 
it possible to prepare therefrom a monotoluene-p-sulphonyl com- 
pound (XXXI?). With the object of locating the position of the 
acyl group, this substance was treated with diazomethane; from 
the product, after hydrolysis, both anthragallol 1 : 2- and 1 : 3-di- 
methyl ethers were obtained, the latter being the main product. 
It is clear, therefore, that a mixture of 3-toluene-p-sulphonylanthra- 
gallol 1: 2-dimethyl ether (XXXII) and 2-toluene-p-sulphony]- 
anthragallol 1:3-dimethyl ether (XX XIII) had initially been 
present. It may be reasonably inferred that the toluene-p-sulphony| 
group in (XXX1J) is in position 2, but this is not definitely certain 
on account of the partial migration of this group during the 
methylation process, which might have occurred equally well from 
the 2- to the 3- or from the 3- to the 2-position. Such a migration 
of the toluene-p-sulphony]l group under the influence of diazomethane 
had not been previously observed, and is of special interest because 
a wandering of this kind does not occur when (X XIX) is similarly 
treated. 


OMe OMe OMe 


, O0-SO,°C,H,( *) 0-SO,°C,H, 
OH Me 


(XXXL) | (XX XIII.) 
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(x) Incidentally a study of the partial hydrolysis of 1 : 3-diacetyl- 
anthragallol 2-methyl ether (XXXIV) in acetone solution by 
addition of ammonia has yielded a product which is distinct from 
the 3-acetyl 2-methyl ether and is doubtless the 1-acetyl compound 
(XX XV). 


OAc OAc 


(XXXIV.) Y ‘OMe \ Me (XXXV.) 
y, OAc y, H 


Such a stability of the l-acyloxy-group in polyacyloxyanthra- 
quinones had not been previously observed, for, as is well known, 
not only is the hydroxyl in position 1 the least readily acylated, 
but the l-acyl group is more readily removed by hydrolysis than 
that in another position. Diacetylalizarin, for example, yields by 
gentle hydrolysis the 2-acetyl compound. This result, moreover, 
is in agreement with the views expressed by Perkin and Storey 
(loc. cit.) on the mechanism of the acyl migration in cases of this 
kind and is also in harmony with the results of Lesser and Gad 
(loc. cit.) and Bergmann and Dangschat (Ber., 1919, 52, 371), which 
are referred to later (p. 1408). 

(xi) Hitherto, in the ketonic compounds studied, as, for instance, 
in the case of alizarin, a hydroxyl vicinal to the carbonyl group has 
invariably been present, and it appeared of interest to determine 
whether, in the absence of this group, acyl migration under the 
influence of diazomethane would occur. In order to test this point, 
3-ethylearbonato-4-hydroxyanthranol suggested itself as a suitable 
substance for experiment, and it seemed likely that this might be 
obtained by the reduction of 2-ethylcarbonatoalizarin under the 
conditions which convert alizarin into 3 : 4-dihydroxyanthranol. 
Curiously enough, such a result was not produced, the main if not 
the only product of the reaction being the 2-ethylcarbonato- 
|-hydroxy-compound (XXXVI). This reaction is evidently analog- 
ous to that described by Miller and Perkin (J., 1925, 127, 2684) 
who in this way obtained both 1-hydroxy-2-methoxy- and 4-hydroxy- 
3-methoxy-anthranol, from alizarin 2-methyl ether. Although 
|: 2-dihydroxyanthranol could not be readily obtained by these 
authors from the 1-hydroxy-2-methoxy-compound by demethylation, 
this substance may be easily prepared by the hydrolysis of (XXXVI) 
and it is now shown to possess interesting properties, markedly 
distinct from those of 3:4-dihydroxyanthranol. On treatment 
with diazomethane, (XX X V1) behaves in the expected manner, the 
main products (identified by oxidation and subsequent removal of 
the ethylearbonato-group as alizarin 1- and 2-methyl ethers, the 
former in much the larger amount) being evidently 2-ethylearbonato- 
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1-methoxyanthranol (XX XVII) and 1-ethylcarbonato-2-methoxy. 
anthranol sealer 
OMe 0-C;H;0, 


CO 
(Fs “YP C,H,0, ie CsH,0, Can 


(XX XVI.) (XXXVIL.) (XXXVIIL.) 


Curiously enough, some quantity of a sparingly soluble com. 
pound, doubtless 2 : 2’-diethylearbonato-1 : 1’-dimethoxydianthrone 
(XXXIX), was isolated from the mixture, an indication that 
oxidation had occurred during the methylation process. 


OMe AO 


C09 mea ots Te 
\CH H 


(XXXIX.) OH (XL) 


Ht AY /\ome 
co oH aO. \CO 


Me 


(xii) In view of the failure, just described, to obtain 3-ethyl- 


carbonato-4-hydroxyanthrone, attempts were now made partly to 
acetylate 3: 4-dihydroxyanthranol (deoxyalizarin). As, however, 
these experiments did not yield the desired 3-acetoxy-4-hydroxy.- 
compound, at least in a pure condition, attention was directed to 
the action of diazomethane on the free anthranol. A considerable 
amount of a sparingly soluble compound, evidently 4 : 4’-dihydroxy- 
3 : 3’-dimethoxydianthrone (XL), was present in the methylation 
product, showing that oxidation had again occurred. From the 
more soluble fraction, by oxidation, a mixture of alizarin 2-methy! 
ether and alizarin dimethyl ether was obtained, evidence that the 
original products of the methylation consisted of 4-hydroxy- 
3-methoxy- and 3 : 4-dimethoxy-anthranol. It is thus shown that 
the 3-hydroxy-group of deoxyalizarin is less resistant to methylation 
than that in the 4-position. The oxidation of methoxyanthranol 
to dimethoxydianthrone, referred to above (XXXIX and XL), 
during the interaction with diazomethane appears, from more 
recent work, to be of fairly general occurrence, and it is indeed 
probable that the methylation product of 1 : 2 : 3-trihydroxy- 
(anthragallol) anthranol (Breare and Perkin, J., 1923, 123, 260), 
described by these authors as a trimethoxyanthranol, is in fact 
1:1':2:2’:3:3'-hexamethoxydianthrone. The nature of this 
oxidation process is under investigation. 

(xiii) Finally, with an object similar to that outlined under (xi), 
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the partial acylation products of 5 : 6-dihydroxy-1-benzylidene- 
coumaran-2-one (XLI) (Friedlander and Rudt, Ber., 1896, 29, 879) 
have been studied. Owing apparently to the very similar basicity 
of the two hydroxyls, a monoacetyl derivative could not be prepared 
from this compound. Better results, however, were obtained by 
the use of toluene-p-sulphonyl chloride, two distinct monotoluene- 
p-sulphonyl compounds (A and B) being produced, the former 
being probably (XLII) and the latter (XLITI). 


HO $e HO’ \’ C,H, 80,0 
\co’ LA 


(XLI.) (XLIL.) (XLIIL.) 


The main product (A) gives fluorescent alkali solutions, whereas 
those of B are devoid of this property. (B) can also be prepared by 
the partial hydrolysis of the 5 : 6-ditoluene-p-sulphonyl compound 
with alcoholic potash, but there is no evidence that (A) is formed at 
the same time. When hydrolysed, (A) and (B) both give 5 : 6-di- 
hydroxy-1-benzylidenecoumaran-2-one. It is curious that the 
latter yields only one monoethylcarbonato-derivative. A study of 
the action of diazomethane on these derivatives is in progress. 

In discussing the migration of the acyl group from the 2- to the 
1-position in partly acylated hydroxy-ketones under the influence of 
diazomethane, Perkin and Storey (loc. cit., p. 354) suggested that 
the main factor determining this change is probably the formation 
of a compound between diazomethane and the carbonyl oxygen, 
which is stable so long as the former is present in excess. The 
co-ordinating effect of the carbonyl on the 1-hydroxy] is thus sup- 
pressed, or rendered non-existent, permitting the strongly basic 
properties of the 1-hydroxyl to come fully into play. The acyl 
migration so often observed during the present investigation is of 
the same type and adds support to the above view of the mechanism 
of the migration process. The suggestion of these authors (loc. cit., 
p. 233), that the 2-acetyl group in, for example, 2-acetylalizarin 
attracts to some extent the 1l-hydroxyl and thus weakens the 
chelate ring, appears to be corroborated by experiment. For 
instance, in order to convert alizarin (0°5 g.), or alizarin 2-methyl 
ether, into alizarin dimethyl ether, a large excess of diazomethane 
(nitrosomethylurethane, 4 c.c.) in concentrated acetone solution 
(15 c.c.) has been found necessary, whereas at most half the amount 
of this reagent in comparatively dilute solution readily effects the 
methylation of 2-acetylalizarin and of 2 : 7-diacetylanthrapurpurin. 
Again, 2-ethylearbonatoalizarin is more easily methylated than 
alizarin 2-methyl ether (loc. cit.). The effect of the 3-hydroxy] in 
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anthragallol, not present in the hydroxyanthraquinones previously 
examined, on acyl migration, shown in examples (XIX), (XX1), 

(XXIII) and (XXV), is of much interest, for though the main 
feature is a change of the acyl group from the 2- to the 1-position, 
wandering from the 2- to the 3-position also occurs, although to a 
less extent. There can be little difference in the basicity of the 
hydroxyls 2 and 3 in anthragallol, since each is meta to one and 
para to the other carbonyl group, and this evidently explains the 
difficulty of preparing monoacylanthragallols by direct acylation. 
Again, whilst anthragallol resembles 2 : 3 : 4-trihydroxybenzoic 
acid (compare Lesser and Gad, Ber., 1926, 59, 233) in the fact that 
acylation of the hydroxyl groups occurs in the order meta, para, 
ortho, the difference between the reactivity of the 2- and 3-hydroxy]s 
appears to be less pronounced in the case of anthragallol. It is 
possible that prior to this secondary migration, under the influence 
of diazomethane, the acyl group may assume a position of equili- 
brium between the 2- and 3- positions (X LIV) (compare Perkin and 
Storey, loc. cit., p. 234; Fischer, Bergmann, and Lipschitz, loc. cit.) 
and that this intermediate stage may then break down as follows :— 


OH 


Y O OH OMe O 
(XLIV.) Ors o<$i (Re Ac ~ Y¥e 


There appears to be some evidence that, in anthragallol, the carbony! 
vicinal to the 1-hydroxyl group affects not only this hydroxyl group 
but also, to some extent, that in the 3-position. Pascu (Ber., 1923, 
56, 407) has indeed noticed that in p-hydroxybenzoic acids the 
influence of the carbonyl on the p-hydroxyl group is most pro- 
nounced, A similar effect may be presumed to exist in anthra- 
gallol when the influence of the carbonyl on the adjacent 1-hydroxy! 
has been suppressed, completely or partly, by the acylation or 
alkylation of the latter, and there may then arise a tendency for the 
carbonyl and the 3-hydroxyl to assume a p-quinonoid form (XLV) 
or some type of co-ordination (XLVI). 


. iiss 
(XLV.) ons on CX, net (XLVI) 
CO 


A suggestion of this kind may be used to explain the results of 
Bergmann and: Dangschat (loc. cit.), who, by the cautious hydrolysis 
of 2: 4-diacetoxybenzoic acid, obtained the 2-acetyl derivative, 
although, when 2 : 4-dihydroxybenzoic acid is partly acetylated, 
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the 4-acetyl compound is produced. In the diacetylated acid the 
influence of the carbonyl group on the l-acetoxy-group is apparently 
suppressed, that on the 4-acetoxy-group coming into play, with the 
result that the latter becomes more lightly bound, and is therefore 
more readily removed by hydrolysis. Again (Fischer, Bergmann, 
and Lipschitz, Ber., 1918, 54, 45) the formation of 3-benzoylgallic 
acid from 4-benzoyl-3 : 5-diacetylgallic acid by hydrolysis may also 
be due to the tendency of the carbonyl and the 4-hydroxyl to assume 
a p-quinonoid structure. In anthragallol the effect of the carbony] 
on the 3-hydroxyl group appears to be less pronounced than that 
which existsin the p-hydroxybenzoic acids, for experiment showsthat 
when triacetylanthragallol is submitted to careful alkaline hydrolysis 
the 2 : 3-diacetyl compound is the main product. The existence, how- 
ever, of some such influence in the case of anthragallol seems to be 
certain from the fact, shown on p. 1405, that when 1 : 3-diacetylanthra- 
gallol 2-methyl ether (XXXIV) is cautiously treated with ammonia, 
|-acetylanthragallol 2-methyl ether is produced ; and the migration 
of the benzoyl group in benzoylacetylanthragallol (XVII) during 
hydrolysis, which resembles that just discussed in the case of certain 
acyl p-hydroxybenzoic acids, appears to arise from a similar cause. 
Additional support for this view is afforded by the interesting fact 
that when 1 : 3-diacetoxyanthraquinone (diacetylpurpuroxanthin) 


is gently hydrolysed, a monoacetyl compound, different from that of 
Perkin and Storey (loc. cit.), and doubtless containing thé acetoxy- 
group in the 1-position, is obtained. It is indeed very probable that 
the formation of two distinct monotoluene-p-sulphony]l derivatives 
of 5 : 6-dihydroxy-1-benzylidenecoumaran-2-one (XLII and XLII) 
is to be ascribed to the fact that in preparations of this colouring 
matter some part is present in the p-quinonoid form. 


EXPERIMENTAL. 


3-Acetylanthragallol 2-Methyl Ether—Anthragallol 2-methyl 
ether (Kubota and Perkin, loc. cit.) (1-5 g.) was ground into 
a paste with acetic anhydride (8 c.c.) and treated with powdered 
potassium acetate (1 g.), and the mixture well stirred and kept 
over-night. The yellow deposit (1-5 g.), after being washed with 
alcohol and twice recrystallised from acetone, formed flat orange 
needles, m. p. 167—169-5° (Found: C, 65-5; H, 3-9; CHs3, 4°8. 
C,,H,,0, requires C, 65-3; H, 3-85; CH, 4-8%). 

Methylation. 3-Acetylanthragallol 2-methyl ether (1-5 g.), sus- 
pended in ether (50 c.c.), was treated with diazomethane (from 6 c.c. 
of nitrosomethylurethane). After 30 hours, as the suspended 
product was not of a homogeneous character, a further amount of 
diazomethane was added (nitrosomethylurethane, 4 c.c.). Little 
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change having occurred, the mixture of pale and deep yellow needles 
was collected next day, washed with ether, and extracted with 
boiling alcohol, which dissolved the paler substance (A). The 
residue, by recrystallisation from acetone, was obtained as bright 
yellow needles (0-7 g.), m. p. 177—179°, identical (mixed melting 
point) with the acetyl compound of the anthragallol 1 : 2-dimethy] 
ether (B) which occurs in Chay root (Found: C, 66-2; H, 4-4. 
C,,H,,0, requires C, 66-3; H, 43%). 

The methylation mother-liquor and the alcoholic extract (A) 
were gently evaporated, the viscid residue was dissolved in a little 
alcohol, the solution treated with a little ammonia, and boiling 
water added. The precipitate obtained crystallised from alcohol 
in long, pale greenish-yellow needles, m. p. 167—169°, which were 
insoluble in alkaline solutions and consisted of anthragallol trimethyl 
ether (yield, 15% approx.) (Found: C, 68-3; H, 4:7. Cale. for 
C,,H,,0;: C, 68-4; H, 4-7%). 

The hot ammoniacal filtrate was acidified, causing the gradual 
separation of long yellow needles, m. p. 230—232°. These, as a 
mixed melting point showed, consisted of the anthragallol 1 : 2-di- 
methyl ether of Chay root (Found: C, 67-6; H, 4:3; CHzg, 10-5. 
Cale. for C,,H,,0;: C, 67-6; H, 4-2; CHs, 10-6%). 

2-Benzoylanthragallol.—To an ice-cold suspension of 2 : 3-diacetyl- 
anthragallol (20 g.) in chloroform (500 c.c.) and benzoyl chloride 
(8 c.c.), pyridine (20 c.c.) was gradually added, rise of temperature, 
which leads to the formation of dibenzoylanthragallol, being avoided. 
The solution, after remaining at room temperature for 1 hour, was 
agitated with dilute sulphuric acid to remove pyridine and with 
dilute sodium carbonate solution to extract benzoic acid and 
evaporated to a small bulk. Cautious addition of alcohol then 
caused the separation of unchanged diacetylanthragallol (6-5 g.), 
which was removed; from the concentrated filtrate, crystals, 
m. p. 150—175°, were slowly deposited. These, after extraction 
with boiling acetone (extract C), yielded a residue which, by re- 
crystallisation from much acetone, was obtained as golden-yellow 
rectangular plates, m. p. 203—206°, of a monobenzoylmonoacetyl- 
anthragallol, here termed (A)* (Found: C, 68-7; H, 3-7; C,H,9, 
11-5. C,3H,,0, requires C, 68-6; H, 3-5; C,H,O, 10-7%). From 
the extract (C), on standing, a second compound, mixed with a 
trace of (A), separated. After removal of the latter by fractional 
crystallisation, it separated from acetone as yellow needles, m. p. 
189—190°, much more readily soluble in acetone and alcohol than 
(A) and, as a mixed melting point showed, clearly distinct from this 
compound. Although it is the main product of the benzoylation, 

* Referred to as C in the introduction (iv). 
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it was difficult to isolate it in a pure condition, and of this second 
monobenzoylmonoacetylanthragallol (B)* but 2 g. were obtained 
(Found: C, 68-6; H, 3-65; C,H,O, 10-8%). To eliminate the 
acetyl group from (B) a solution of the latter (0-5 g.) in acetic acid 
(10 c.c.) and hydrochloric acid (1-5 c.c.) was kept at 100° for 14 hours. 
The long orange needles of 2-benzoylanthragallol which separated 
gave a red solution in dilute aqueous sodium carbonate, and after 
recrystallisation from alcohol or tetrachloroethane melted at 
241—243° (Found: C, 70-0; H, 3-5. (C,,H,.0, requires C, 70-0; 
H, 33%). (A), when hydrolysed in a similar manner, gave orange 
needles, m. p. 241—243°, which also consisted of 2-benzoylanthra- 
gallol (mixed m. p.). 

By acetylation with boiling acetic anhydride and pyridine, the 
benzoyl group of 2-benzoylanthragallol is replaced and triacetyl- 
anthragallol obtained. 2-Benzoyl-1 : 3-diacetylanthragallol is ob- 
tained, however, by adding acetic anhydride (0-4 ¢.c.) to a solution 
of 2-benzoylanthragallol (0-2 g.) in ice-cold pyridine (0-6 c.c.). 
Crystals are rapidly deposited, which separate from acetone—alcohol 
as pale yellow needles, m. p. 211—213° [depressed by admixture of 
either 2: 3-diacetylanthragallol or the monobenzoylmonoacetyl 
compound (A)]. 

For the partial acetylation of 2-benzoylanthragallol (0-075 g.) in 
acetic anhydride (0-5 c.c.), a trace of potassium acetate was added 
and the mixture kept over-night. The product crystallised from 
acetone in yellow plates, m. p. 203—206°, identical with (A) (mixed 
melting point)—a proof that this compound is 2-benzoyl-3-acetyl- 
anthragallol. (A), when fully acetylated, yielded the 2-benzoyl- 
1 : 3-diacetylanthragallol, m. p. 210—212°, described above. 

On the other hand, when (B) was fully acetylated in the same 
manner as (A), yellow needles of a benzoyldiacetylanthragallol were 
obtained. Although these melted at the same temperature (203— 
205°) as (A), a mixed melting-point determination proved that the 
two compounds were not identical. Accordingly, when from (B), 
which consists of either 1-benzoyl-2-acetyl- or 3-benzoyl-2-acetyl- 
anthragallol, the acetyl group is removed by hydrolysis, a wandering 
of the benzoyl group from the 1- to the 2- or from the 3- to the 
2-position occurs. 

Methylation. 2-Benzoylanthragallol (1 g.) in acetone (50 c.c.) 
was treated with ethereal diazomethane (from nitrosomethyl- 
urethane, 4 c.c.). After 2 days, the liquid was concentrated and 
the deposit (filtrate A) recrystallised from acetone, giving pale 
greenish-yellow needles of 1-benzoylanthragallol 2 : 3-dimethyl ether, 
m. p. 216—218° (Found: C, 71-0; H, 4:3. C,3H,,0, requires 


* Referred to as D in the introduction (iv). 
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C, 71-1; H, 4:1%). Treatment of this with boiling 1% methyl. 
alcoholic potassium hydroxide and subsequent dilution with water 
gave anthragallol 2:3-dimethyl ether, which crystallised from 
alcohol in long yellow needles, m. p. 160—162° (identified by mixed 
melting point, and also by the melting point of the acetyl compound, 
165—167°). The sample of the latter necessary for purposes of 
comparison was prepared from anthragallol by Bock’s method 
(loc. cit.). 

The methylation filtrate (A), after dilution with alcohol and 
fractional evaporation, gave deposits of indefinite melting point. 
These were hydrolysed by alcoholic potash and, after acidification, 
the mixed dimethyl ethers produced were collected. To a con. 
centrated solution of the ethers in boiling alcohol, a little ammonia 
was added (compare Perkin and Hummel, loc. cit.), causing the 
deposition of purple plates of an ammonium salt mixed with yellow 
needles of the 2: 3-dimethyl ether. These were collected (filtrate B). 
The ammonium salt was removed by solution in water, and the 
liquid acidified. The yellow needles, after recrystallisation, melted 
at 218—220° and, as a mixed melting point showed, were identical 
with the anthragallol 1 : 3-dimethyl ether (A) which is present in 
Chay root. 

The filtrate (B), when concentrated, deposited yellow needles, 
which were collected and extracted with dilute ammonia solution, 
a small amount of anthragallol 2: 3-dimethyl ether remaining 
undissolved. The liquid, on acidification, yielded a precipitate 
(0-12 g.) which crystallised from alcohol, in yellow needles, m. p. 
230° after sintering at 222°. These consisted of almost pure anthra- 
gallol | : 2-dimethyl ether (B) (mixed m. p.). These results indicated 
that when 2-benzoylantbragallol is methylated with diazomethane, 
60, 15-5, and 13%, respectively, of the benzoyl derivatives of anthra- 
gallo] 2 : 3-, 1: 2-, and 1 : 3-dimethyl ethers are obtained. 

Anthragallol 3-Methyl Hther.—Anthragallol 2 : 3-dimethyl ether 
(5 g.) in sulphuric acid solution (100 c.c.) was heated at 100° for | 
hour. When the product was poured into water, brown flocks 
separated; these, repeatedly crystallised from acetone, gave red 
needles (2:5 g.), m. p. 242—243° (Bock gives m. p. 235°) (Found: 
C, 66-4; H, 3-8; CHg, 5-5. Cale. for C,;H,,0O;: C, 66-6; H, 3-7; 
CHs, 5-5%). The acetyl compound was obtained as greenish-yellow 
flat needles, m. p. 204—-206° (Bock gives m. p. 184°) (Found: 
C, 64-6; H, 4-1. Calc. for C,,H,,0,: C, 66-4; H,3-9%).  . 

Anthragallol 3-methy] ether, as already indicated, is identical with 
the presumed 1l-methyl ether which Kubota and Perkin (loc. cit.) 
obtained by the action of diazomethane on 2 : 3-diacetylanthra- 
gallol, and this-was confirmed by a repetition of their experiment. 
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The melting point given by the latter authors for their compound is 
237—241°, and for its acetyl derivative 203—205°. 

2-Benzoylanthragallol 3-Methyl Hther.—Anthragallol 3-methyl 
ether (5 g.) in chloroform (35 c.c.) and benzoyl chloride (2-3 g.) was 
slowly treated with a solution of pyridine (5 c.c.) in chloroform 
(45 ¢.¢.), the whole being cooled with ice. After 1} hours, alcohol 
was added and the crystals were collected; unattacked 3-methyl 
ether could be recovered from the mother-liquor. By recrystal- 
lisation from acetone, the monobenzoyl derivative was obtained as 
orange needles (3-5 g.), m. p. 221—223° (Found: C, 70-5; H, 4-0; 
CHs, 4:0. CygH 4,40, requires C, 70-6; H, 3:7; CH,, 40%). 

Acetylation. 2-Benzoylanthragallol 3-methyl ether was digested 
with boiling acetic anhydride and pyridine for 1 hour. The 
crystals which separated on cooling evidently consisted of two 
substances, the main product (A) being pale yellow, whereas the 
other substance (B) had a deep yellow colour and was more soluble 
in acetone than (A). (A) separated from acetone in microscopic 
leaflets, m. p. 195—196°, and was evidently a benzoylacetylanthra- 
gallol 3-methyl ether (Found: C, 69-2; H, 3-9. C,,H,,0, requires 
C, 69:2; H, 38%). (B), which was also a benzoylacetylanthragallol 
monomethyl ether, was obtained by recrystallisation from acetone as 
deep greenish-yellow, rectangular plates, m. p. 214—217° (Found : 
C, 69-4; H, 4-1%); as a mixed melting point showed it was not (A) 
in a purer form. 

Methylation. 2-Benzoylanthragallol 3-methyl ether (3 g.) in 
acetone (100 c.c.) was treated with ethereal diazomethane (from 
nitrosomethylurethane, 12 c.c.). The suspension became red and 
gradually changed into yellow crystals; after 3 days, these were 
collected (A) and the mother-liquor (B) was freed from ether by 
evaporation. (A) (1:18 g.) and the crystals which separated from 
(B) on keeping (0-6 g.) (filtrate C) were recrystallised from acetone, 
greenish-yellow prisms, m. p. 216—218°, of 1-benzoylanthragallol 
2 : 3-dimethy] ether, identical with that produced by the methylation 
of 2-benzoylanthragallol (above), being obtained (Found: CHag, 
7-6. CygHygO, requires CH;, 7:7%). Hydrolysis with 1% 
methyl-alcoholic potash gave anthragallol 2: 3-dimethyl ether, 
m. p. 161—162°. 

A second crop of crystals, deposited by (C) on keeping (0-78 g.) 
(filtrate E), melted at 150—175°, and these, being obviously a mix- 
ture, were debenzoylated with methyl-alcoholic potash. From the 
boiling liquid, purple-black leaflets separated (filtrate D), which 
were collected, washed with metlryl alcohol, and dissolved in water ; 
acidification yielded flocks (0-22 g.), m. p. 212—213°, which crystal- 
lised from alcohol in yellow needles of the anthragallol 1 : 3-dimethyl 
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ether (A) which is present in Chay root (Found: C, 67-8; H, 43: 
CH,, 10-5. Calc. for C,,H,.0;: C, 67-6; H, 4-2; CH, 10-5%). 
The acetyl compound, prepared in the usual manner, melted at 
218—220° (Perkin and Hummel, loc. cit., give 213—215°) (Found: 
C, 66-2; H, 4-0; CH,, 9-0. Calc. for C,,H,,0,: C, 66-25; H, 4:3; 
CH;, 9-2%). The filtrate (D) was diluted with water and acidified, 
and from the yellow product, by maceration with ammonia, a 
further amount of anthragallol 2 : 3-dimethyl ether (0-4 g.) was 
isolated. The ammoniacal extract on acidification yielded 0-06 g. 
of crude anthragallol 1 : 3-dimethyl ether, m. p. 202—206°. The 
final methylation mother-liquor (E) on evaporation gave a residue, 
from which, by hydrolysis with alcoholic potash, 0-09 g. of anthra- 
gallol 1 : 3-dimethyl ether was obtained. Thus the total yield of 
this ether (0-3 g.), reckoned as benzoyl compound, from 3 g. of 
2-benzoylanthragallol 3-methyl ether was 15%. The remainder is 
1-benzoylanthragallol 2:3-dimethyl ether, of which 76% is 
accounted for above. 

2- Acetylanthragallol.—2 : 3-Thionylanthragallol (Green, loc. cit.) 
was digested with boiling acetic acid, and the acetyl compound 
(yield, 35%) isolated, according to the directions of this author. 
After repeated crystallisation from toluene it melted at 219—220° 
(Found : C, 64-6; H, 3-3. Calc. for C,,H,,O0,;: C, 64-4; H, 3-4%). 

Methylation. 2-Acetylanthragallol (2 g.) in acetone (50 c.c.) was 
treated with diazomethane (from nitrosomethylurethane, 8 c.c.) and 
after 12 hours, the ether was removed and the pale yellow needles, 
which slowly separated (A) (0-8 g.), m. p. 158—165°, were collected. 
Addition of alcohol to the filtrate and fractional concentration gave 
crystals, (B), m. p. 145—156°, and (C), m. p. 147—170°. The final 
mother-liquor is termed (D). 

(A) after recrystallisation from alcohol melted at 160—175° and 
consisted mainly of l-acetylanthragallol 2: 3-dimethyl ether, as 
hydrolysis showed. The alcoholic mother-liquor from the above, 
by treatment with boiling 1% methyl-alcoholic potash, acidification, 
and dilution with water, gave needles (0-15 g.), m. p. 158—161°, 
which were insoluble in ammonia and evidently consisted of anthra- 
gallol 2:3-dimethyl ether. From (B) by a similar treatment, 
0-3 g. of this ether was obtained. (C), when hydrolysed, gave a 
product almost entirely soluble in ammonia, whereas that given by 
(D) was but partly soluble and 0-15 g. of the 2 : 3-dimethyl ether 
was isolated therefrom. The yield of this ether, taking into account 
that obtained from (A) (0°65 g.), corresponds to a total yield of 
anthragallol 2 : 3-dimethyl ether (as acetyl compound) of 69%. 

The ammoniacal extracts were acidified ; the precipitate, crystal- 
lised from alcohol, gave yellow needles (0-22 g.), m. p. 228—231’, 
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of anthragallol 1 : 2-dimethyl ether. From the filtrate, anthragallol 
|: 3-dimethyl ether (0-22 g.), m. p. 212—213°, was isolated by 
means of its ammonium salt. 

1-Acetylanthragallol 2-Methyl Ether—To 1 : 3-diacetylanthra- 
gallol 2-methyl ether, in boiling acetone, an excess of ammonia was 
added. The red liquid was acidified with acetic acid and partly 
evaporated; yellow needles separated, m. p. 205—208° after 
recrystallisation from acetone (Found: OC, 654; H, 3-9. 
C,,7Hy2O, requires C, 65-4; H, 38%). Hydrolysis with hydro- 
chloric acid in the usual manner gave anthragallol 2-methyl ether, 
m. p. 218—220°. 

Methylation. 1-Acetylanthragallol 2-methyl ether (0-08 g.) in 
acetone (5 c.c.) was treated with diazomethane (from nitrosomethy]l- 
urethane, 0-5 c.c.). After 3 days, yellow plates, m. p. 168—170°, 
of l-acetylanthragallol 2 : 3-dimethyl ether had separated. From 
the mother-liquor, by evaporation, and treatment of the residue with 
alcoholic potash, only anthragallol 2: 3-dimethyl ether, m. p. 
160—162°, could be isolated. 

1-Acetylpurpuroxanthin.—To a solution of triacetylpurpuro- 
xanthin (0-5 g.) in boiling acetone (10 c.c.), concentrated aqueous 
ammonia (2 c.c.) was added; the red liquid was kept for a few 
seconds, cooled, and neutralised with hydrochloric acid. Cautious 
dilution with water caused the separation of crystals which, recrystal- 
lised from methyl alcohol (charcoal), gave pale orange-yellow 
needles of 1-acetylpurpuroxanthin, m. p. 231—235°, readily soluble 
in acetone (Found: C, 68-2; H, 3-7. C,¢H,.0, requires C, 68-1; 
H, 35%). Hydrolysis with hydrochloric acid in the usual manner 
gave purpuroxanthin, m. p. 268—270° (Plath, Ber., 1876, 9, 1204, 
gives m. p. 262—263°). 3-Acetylpurpuroxanthin, which is obtained 
by gently acetylating purpuroxanthin, melts at 144° (Perkin and 
Storey, loc. cit.). 

In preparing purpuroxanthin from commercial purpurin (by the 
sodium hyposulphite method), it has been found preferable to 
crystallise the latter, before reduction, from pentachloroethane, 
rather than solvent naphtha as previously advocated (loc. cit.). The 
crude purpuroxanthin is readily purified by crystallisation from 
10 parts of pyridine. 

1 : 3-Diacetylpurpurin.—Triacetylpurpurin (0-5 g.) in sufficient 
boiling acetone was partly cooled, aqueous ammonia (2 c.c.) added, 
the red liquid neutralised, and the product crystallised from acetic 
acid. The orange-yellow needles obtained, m. p. 203—205°, were, 
as the acetyl determination indicates, perhaps slightly impure 
(Found: C, 63-9; H, 3:9; C,,H,O,;, 76-2. C,,H,,0, requires 
C, 63-5; H, 3-5; C,,H,O;, 75-3%). When triacetylanthragallol is 
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similarly treated and the operation is rapidly performed, 2 : 3-di. 
acetylanthragallol, m. p. 223—-224°, is obtained. 

3-Nitroalizarin Dimethyl Ether—Finely powdered, commercial 
3-nitroalizarin (25 g.) was treated with potassium hydroxide (2 mols.) 
in alcohol, and the product dried at 100°. To ensure complete 
formation of potassium salt, the mass was again ground with 
alcohol and dried. The product (37 g.), mixed with anhydrous 
sodium carbonate (95 g.), was stirred into methyl sulphate (155 c.c.), 
the whole gradually heated to 140° and, when cold, lixiviated with 
water. By extracting the residue with benzene and concentrating 
the solution, long yellow needles were obtained which, after reerystal- 
lisation, melted at 168—171° (yield, 16 g.) (Found: C, 61-3; H, 
3-6; N, 4-5. C,,H,,O,N requires C, 61-35; H, 3-5; N, 45%). 

3-Aminoalizarin Dimethyl Ether —The nitro-compound (5 g.) was 
stirred into a solution of sodium sulphide (10 g.) in a little water. 
The mixture was added to 1 litre of hot water containing excess of 
ammonium chloride, the latter being employed to reduce the 
alkalinity, and the suspension boiled for 15 minutes. The product 
(5 g.) crystallised from benzene (200-c.c.) in red prisms, m. p. 203— 
205° (Found: C, 68:1; H, 4:7; N, 5-0. C,,H,,0,N requires (, 
68-0; H, 4-6; N, 49%). 

3-Acetamidoalizarin dimethyl ether, prepared from the amino. 
compound by boiling with acetic acid containing a little acetic 
anhydride, crystallised from alcohol in yellow rhombic plates, m. p. 
237—240°. 

To 3-aminoalizarin dimethyl ether (2 g.) in sulphuric acid (80 c.c.) 
cooled in ice, a slight excess of sodium nitrite was added; the 
mixture was subsequently well stirred at room temperature for 4 
hours. The liquid, after the addition of a little urea, was treated as 
follows: (a) It was diluted with a little water, heated to 130°, 
cooled to 110°, and maintained there for 15 minutes. When cold, 
the greenish-yellow precipitate was collected and extracted with 
boiling benzene, and the deposit obtained by concentrating the 
extract was acetylated : the product, after recrystallisation, melted 
at 146—150° and had all the properties of 1 : 3-diacetylanthragallol 
2-methyl ether (Perkin and Storey, loc. cit.). (b) In the hope of 
avoiding hydrolysis of the l-methoxy-group, the acid solution, 
before boiling, was partly neutralised with sodium acetate. As a 
result, however, no well-defined product could be obtained. (c) The 
acid liquid was heated at 100°, the viscid product dissolved in 
alcohol, the solution poured into ether, the clear liquid decanted 
from deposited tarry matter, the ether removed, and the residue 
dissolved in alcohol. Addition of lead acetate caused the deposition 
of anthragallol~2-methy] ether as lead salt; in the filtrate, the 
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presence of a small amount of alizarin dimethyl ether only could be 
detected. 

2 : 3-Ditoluene-p-sulphonylanthragallol.—To anthragallol (4 g.) in 
pyridine (40 c.c.) cooled by ice, toluene-p-sulphonyl chloride (8 g.) 
was added. The mixture was well stirred during 4 hour, and kept 
for a similar period at room temperature; alcohol was then added. 
The deposit (5 g.) crystallised from a little pyridine in yellow plates. 
m. p. 196—198° (Found: C, 59-5; H, 3-6. C,,H,.0,S8, requires 
(, 59-4; H, 38%). Acetylation by Fischer’s method gave the 
acetyl compound as yellow prisms, m. p. 212—215°. 

Anthragallol 1-Methyl Ether.—-2 : 3-Ditoluene-p-sulphonylanthra- 
gallol (2-5 g.) in acetone (30 c.c.) was treated with diazomethane 
(from nitrosomethylurethane, 10 c.c.), and the product kept over- 
night. The deposited pale yellow needles (1-7 g.), m. p. 210—213° 
(filtrate A), were digested with boiling 10% alcoholic potash until 
the solution had become bluish-green. After removal of potassium 
toluene-p-sulphonate, the solution was partly evaporated and the 
anthragallol 1-methyl ether which separated was recrystallised from 
methyl alcohol. The deep yellow, rhombic plates (0-5 g.) contained 
methyl alcohol of crystallisation and meited at 248—250° (Found : 
loss at 100°, 9°3. C,;H,,0;,CH,O requires CH,O, 10-6%. Found: 
C, 66-6; H, 3-7. C,;H,,0, requires C, 66-7; H,3-7%). The ether 
sublimes with some decomposition, and in alcohol gives green and 
red precipitates respectively with barium hydroxide and lead acetate 
solutions. The diacetyl compound, obtained in the usual manner, 
crystallises in pale greenish-yellow needles, m. p. 165—166°. 

Monotoluene-p-sulphonylanthragallol 1-Methyl Ether.—The ditolu- 
ene-p-sulphonyl compound in acetone was boiled with excess of 1% 
methyl-alcoholic potash, the red liquid acidified while hot, the 
potassium chloride removed, and the product, which now separated, 
recrystallised from much acetone. The yellow plates obtained 
melted at 289—291° (Found : C, 62-3; H, 3-7. C,,.H,,0,58 requires 
C, 62-2; H, 3-8%). 

Methylation. 'This compound (1 g.) in acetone (10 c.c.) was treated 
with diazomethane (from nitrosomethylurethane, 4 c.c.). The pale 
yellow crystals deposited over-night (0-6 g.), m. p. 175—177°, 
evidently consisting of 2-toluene-p-sulphonylanthragallol 1 : 3-di- 
methyl ether, were treated in boiling acetone solution with 1% 
methyl-aleoholic potash; the violet leaflets obtained (0-3 g.) were 
dissolved in water and the solution was acidified, giving anthragallol 
1 : 3-dimethyl ether as yellow needles, m. p. 212—213°. 

The methylation mother-liquor, treated in a similar manner, gave, 
on acidification and recrystallisation of the product, plates (0-15 g.) 
of anthragallol 1 : 2-dimethyl ether, m. p. 230—232°. 
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2-Ethylcarbonato-1-acetylalizarin.— When 2-ethylcarbonatoalizarin 
is acetylated with acetic anhydride and pyridine in the usual manner, 
diacetylalizarin, m. p. 188—189°, is obtained, a replacement of the 
ethylearbonato by the acetyl group occurring. If, however, 
2-ethylearbonatoalizarin (0-2 g.) in hot pyridine (0-6 c.c.) is cooled, 
and acetic anhydride (0-4 c.c.) added, crystals of the acetyl com. 
pound quickly separate which, after recrystallisation from acetone- 
alcohol, form pale greenish-yellow needles, m. p, 177—179°. 

When 1 : 2-diethylearbonatoalizarin (0-5 g.) is gently treated with 
chromic acid (0-5 g.) in boiling acetic acid solution during 1 hour, 
appreciable destruction of the ethylcarbonato-group does not occur, 
for, when cold, crystals (0-3 g.) of the original compound, m. p. 146— 
148°, separate, and a further amount can be isolated from the filtrate. 

2-Ethylcarbonato-1-hydroxyanthrone.—To 2-ethylcarbonatoalizarin 
(2 g.) in glacial acetic acid (20 c.c.), stannous chloride (4 g.) in 
hydrochloric acid (10 c.c.) was added, the mixture boiled for 12 
minutes (not longer), and the solution poured into an excess of 
hydrochloric acid. The viscid deposit, after being washed with 
hydrochloric acid and then with water, was dissolved in a little 
alcohol, and the solution concentrated to 40 c.c. The crystalline 
aggregates which separated (yield, 50%), after repeated crystal- 
lisation from alcohol, formed pale yellow plates or leaflets, m. p. 
130—133° after sintering at 120° (Found: C, 684; H, 47. 
C,,H,,0; requires C, 68-4; H, 4-7%). The compound dissolved in 
dilute alcoholic potash with a yellow colour, and in sulphuric acid 
with an orange colour which on keeping became purple. Acetyl- 
ation in cold pyridine solution with acetic anhydride gave 2-ethy/- 
carbonato-1 : 9-diacetylanthranol, which, precipitated from the mix- 
ture by addition of methyl alcohol, crystallised from alcohol in 
heavy flat needles, m. p. 177—180° (Found: C, 65-7; H, 46. 
C.,H,,0, requires C, 65-9; H, 47%). The alcoholic solution 
exhibited a deep blue fluorescence. 

1 : 2-Dihydroxyanthrone.—A boiling solution of 2-ethylcarbonato-1- 
hydroxyanthrone in methyl alcohol containing a little aqueous 
sodium hyposulphite was treated in an atmosphere of hydrogen 
with alcoholic potassium hydroxide, and then acidified. The brown 
deposit was crystallised from carbon disulphide, and then from dilute 
acetic acid containing stannous chloride and hydrochloric acid. 
The orange-yellow leaflets obtained, m. p. 149—151°, dissolved in 
alkali with a bright crimson colour, and in sulphuric acid with a 
yellow colour which slowly became purple. 

Methylation. 2-Ethylcarbonato-l-hydroxyanthrone (1 g.) in 
benzene (12 c.c.) was treated with diazomethane (from nitroso- 
methylurethane; 4 c.c.) in an atmosphere of hydrogen. After 12 
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hours, the solution was evaporated to dryness and the residue 
extracted with alcohol, reddish-brown crystals remaining undis- 
solved. As neither from the latter, by fractional crystallisation, 
nor from the extract could a pure compound be isolated, the whole, 
dissolved in acetic acid, was oxidised with chromic acid in the usual 
manner. The product, isolated by addition of water, was digested 
with methyl-alcoholic potash to eliminate the ethylcarbonato-group, 
baryta solution added, the precipitate collected (A), and the filtrate 
acidified. Impure alizarin l-methyl ether separated, and this, 
treated with ammonia, gave an extract from which, on neutralis- 
ation, needles of the pure substance separated, m. p. 175—178°. 
The barium precipitate (A), on acidification, gave a brown viscid 
product, in which the presence of alizarin 2-methy]l ether could not 
be detected. In a second methylation experiment, employing 
acetone as solvent and carried out in an atmosphere of hydrogen, 
the liquid deposited over-night fine colourless crystals (B), melting 
at about 290° and sparingly soluble in solvents. On oxidising this 
substance with chromic acid, a product was obtained from which, 
after elimination of the ethylcarbonato-group in the usual manner, 
alizarin 1-methyl ether was obtained. There can be little doubt, 
therefore, that (B) consists of 2 : 2’-diethylearbonatodianthrone 
1: l’-dimethyl ether, though analytical figures are az yet lacking, 
and that its presence is due to oxidation of 2-ethylcarbonato- 
|-.methoxyanthrone, the first product of the methylation process. 
The mother-liquors were evaporated, the residue was oxidised with 
chromic acid, the product hydrolysed with alcoholic potash, the 
solution treated with baryta solution, and the precipitate collected 
(filtrate C) and neutralised with boiling hydrochloric acid. After 
removal of the brown precipitate by hot filtration, the liquid 
deposited crystals of alizarin 2-methyl ether, m. p. 224—227° after 
crystallisation from acetone. On acidification, (C) deposited some 
quantity of alizarin 1-methy] ether, identified as the acetyl compound, 
m. p. 211—213°. 

4:4’ - Dihydroxy -3 : 3’ - dimethoxydianthrone.—3 : 4 - Dihydroxy- 
anthranol (deoxyalizarin) (2 g.) in tetrachloroethane (80 c.c.) was 
treated with diazomethane (from nitrosomethylurethane, 8 c.c.) 
and kept over-night. After removal of ether and tetrachloroethane, 
the viscid residue was dried at room temperature and extracted with 
mall amounts of boiling alcohol (filtrate D). The undissolved 
colourless powder crystallised from acetic acid in prisms, m. p. 
290—292° (Found: ©, 75:5; H, 4:9. CygH 20, requires C, 75-3; 
H, 4.6%), As the product, by oxidation with chromic acid in the 
isual manner, gave alizarin 2-methyl ether (m. p. 228—230°), it 
widently consisted of 4 : 4'-dihydroxy-3 : 3'-dimethoxydianthrone. 

30 
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If the tetrachloroethane employed in this methylation experi. 
ment was replaced by ether, the yield of dianthrone increased, 
whereas, when benzene was the solvent and an atmosphere of 











































hydrogen was employed, the presence of dianthrone could not be & 
detected. a 
Filtrate (D) was evaporated, the residue oxidised with chromic J o 
acid, the product dissolved in dilute alcoholic potash, and the t 
solution treated with aqueous baryta. From the precipitate % d 
obtained, alizarin 2-methyl ether (m. p. 228—230°) was isolated. 
The filtrate slowly deposited a small quantity of yellow needles, § d 
m. p. 211—213°, consisting of alizarin dimethyl ether (mixed melting 
point). 0! 
Acylation of 5 : 6-Dihydroxy-1-benzylidenecowmaran-2-one.—Of the & al 
two. methods given in the literature for the preparation of this & fc 
substance (Friedlander and Rudt, loc. cit.), which involve respec. § 4- 
tively the condensation of chlorogallacetophenone and 5:6-dihydroxy.- 
coumaranone with benzaldehyde, the latter proved the more efficient, B (2 
an almost theoretical yield of the colouring matter being obtained. & et 
Attempts to prepare a monoacetyl derivative of the coumaranone & of 
were unsuccessful, the diacetyl compound, m. p. 202—203°, being § ye 
produced in every case. of 
To 5 : 6-dihydroxy-1-benzylidenecoumaran-2-one (1 g.), suspended 66 
in a solution of toluene-p-sulphonyl chloride (0-76 g.) in chloroform 
(6 c.c.), pyridine (0-76 g.) was slowly added with good cooling. an 
After 15 minutes, the addition of alcohol caused the separation of § 1-1 
crystals (0-7 g.) of the ditoluene-p-sulphonyl compound, m. p. 178— 
180° after recrystallisation from acetic acid (Found: §, 11+. ) 
Cy9H,.0,8, requires 8, 11-4%). aa 
The mother-liquor was agitated with dilute acid to remove pyridine § ™V 
and concentrated, causing the separation of crystals, which, by C 
recrystallisation from acetic acid, were obtained as yellow prisms, 
m. p. 217—219°. From this compound (A), an acetyl compound, 
m. p. 177—180°, was prepared. 
In a second experiment, solutions of toluene-p-sulphony]l chloride CL 
(0-75 g.) and of pyridine (0-8 c.c.) in chloroform were alternately 
added, with good stirring, to 5: 6-dihydroxy-1-benzylidenecov- 
maran-2-one (1 g.) in ice-cold chloroform (6 c.c.). Dilution with 
alcohol then caused the separation of (A), which was recrystallised MH In | 
from acetic acid (Found: C, 64-9; H, 3-7; S, 7-4. C..H,,05@ the. 
requires C, 64-7; H, 3-9; 8, 7-8%). From the alcohol-chloroform @ has 
mother-liquor, by keeping, a second compound could usually beg be f 
obtained (B). This was more sparingly soluble than (A) in acetic posi 
acid and separated therefrom as small, greenish-yellow needles, and 






m, p. 237—240° (Found : C, 64-6; H, 3-9; 8, 7:2%). Acetylation 
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of this monotoluene-p-sulphonyl compound (B) gave greenish-yellow 
needles, m. p. 145—146°. 

When the ditoluene-p-sulphonyl derivative is treated in the cold 
with alcoholic potassium hydroxide (2 mols.), the solution acidified, 
and the product extracted with alcohol, a greenish-yellow residue is 
obtained, m. p. 238—240°, which has all the properties of the 
toluene-p-sulphonyl compound (B): the alcoholic extract contains 
dihydroxy benzylidenecoumaranone. 

5 : 6-Diethylcarbonato-1-benzylidenecoumaran-2-one. To the 5: 6- 
dihydroxy-compound (0-5 g.) in chloroform (5 c.c.) and ethyl 
chloroformate (1 ¢.c.), pyridine (2-5 c.c.) was added. After removal 
of pyridine by agitation with acid, the liquid was diluted with 
alcohol; the product, after recrystallisation from the same solvent, 
formed pale yellow needles, m. p. 104—107° (Found: C, 63-5; H, 
4:8. C,,H,,0, requires C, 63-3; H, 4-5%). ) 

A monoethylcarbonato-derivative was obtained by adding pyridine 
(2 c.c.) to the dihydroxy-compound (1 g.) in chloroform (6 c.c.) and 
ethyl chloroformate (0-4 c.c.). The product, isolated by the addition 
of alcohol, was obtained by recrystallisation as brilliant, large, 
yellow prisms, m. p. 177—180°. It was apparently the sole product 
of the reaction (Found: C, 66-0; H, 4:3. C,,H,,0, requires C, 
66-2; H, 43%). 

When this substance was acetylated either with acetic anhydride 
and pyridine, or by Fischer’s method in the cold, 5 : 6-diacetoxy- 
1-benzylidenecoumaran-2-one, m. p. 200—202°, was obtained. 


We are much indebted to the British Alizarine Co., Ltd., for the 
commercial anthragallol, alizarin, and purpurin necessary for this 
investigation. 


CLOTHWORKERS’ RESEARCH LABORATORY, 
THe UNIVERSITY, LEEDs. [Received, April 13th, 1929.] 





CLXXXII.—T he Properties of the Chlorides of Sulphur. 
Part II. Molecular Extinction Coefficients. 


By Tuomas Martin Lowry and GILBERT JESSOP. 


In the preceding paper (J., 1927, 746) on the freezing points of 
the chlorides of sulphur it was shown that sulphur dichloride, SCI,, 
has a definite range of stability in the equilibrium diagram and can 
be frozen out as a crystalline solid from a melt of suitable com- 
position. In this respect, therefore, it resembles the monochloride 
and the tetrachloride, 8,Cl, and SCl,, which (with elementary 
sulphur and chlorine) had occupied the whole range from 0 to 100% 
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in all previous equilibrium diagrams. In our new diagram, on the 
other hand, the dichloride is shown as the stable solid phase over the 
range from 59 to 65 atoms % of chlorine, and a new chloride, 8,C),, 
appears as a stable phase over the narrow range from 57 to 59 
atoms % of chlorine. There is no maximum at the composition of 
the dichloride, since this compound dissociates when it melts, and 
can only be frozen out from solutions containing an excess of sulphur 
monochloride ; the tetrachloride is therefore the first solid to separate 
from a liquid having the theoretical composition of the dichloride. 

This behaviour could be explained, on lines already suggested by 
Aten, if we were to assume: (i) that the dichloride is readily con- 
verted into monochloride and tetrachloride according to the 
reversible equation 3SCl, === 8,Cl, +- SCI, ; (ii) that this change has 
a large temperature coefficient, the equilibrium being displaced in 
the direction of the dichloride at high temperatures, and of the 
monochloride and tetrachloride at low temperatures; (iii) that, as 
a result of this displacement of equilibrium, a liquid having the 
empirical composition of the dichloride, when cooled to a temperature 
near to its freezing point, consists mainly of the monochloride and the 
tetrachloride. 

The fact that the vapour-pressure curves at higher temperatures 
give clear evidence of the presence of the dichloride, and only doubt- 
ful indications of the tetrachloride, could be reconciled with this 
view by supposing that,as the temperature is raised, the tetrachloride 
breaks down into the dichloride and free chlorine according to the 
equation SC], = = SCI, + Cl,. The dissociation of the dichloride 
would then be controlled by two equations as follows : 

At the freezing point 3SCl, == 8,Cl, + SCI. 

At. the boiling point 2SCl, == S,Cl, + Cl). 

The experiments described in the present paper have led to the 
unexpected conclusion that, although the tetrachloride is the 
stable solid phase from 65 to nearly 100 atoms % of chlorine, it is 
almost non-existent in the liquid state. This deduction is of far- 
reaching importance, since, if the tetrachloride can be ignored in the 
study of the liquid chlorides of sulphur, the system is so simplified 
that a quantitative application of the laws of mass action to the 
equilibrium should for the first time become practicable. The con- 
di‘ions which prevail in samples in which equilibrium has not been 
attained are, however, still almost entirely unknown. 

Absorption Spectra of the Chlorides of Sulphur.—The most striking 
property of sulphur dichloride is its deep garnet-red colour, which 
first led to the recognition that two compounds of sulphur and 
chlorine exist. It is therefore remarkable that the opinion should 
have been held almost universally, over a period of more than 2) 
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years, that the dichloride is a mere mixture of the monochloride and 
tetrachloride, since rough qualitative observations suffice to show 
that the colour of the mixtures reaches a maximum at the approxim- 
ate composition of the dichloride and not of the tetrachloride. The 
deep red colour of the dichloride is indeed unique, since sulphur 
monochloride and liquid chlorine are both clear yellow liquids with 
no red tinge, and are actually indistinguishable in colour, although 
the high viscosity of the monochloride makes it easy to tell one 


Fie. 1. 
Extinction coefficients of 1-cm. layers. 
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liquid from the other. - We can also infer that the tetrachloride, 
which is only known with certainty as an almost white solid, with 
much less colour than the monochloride or than free chlorine, would 
give rise to an almost colourless liquid, if it could be melted without 
decomposition; actually the melt has the reddish-orange colour 
which we should expect to find if the tetrachloride were dissociated 
into the dichloride and free chlorine. 

The present paper contains an account of quantitative observ- 
ations of the extinction coefficients of chlorides of sulphur containing 
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from 50 to 80 atoms % of chlorine, i.e., of compositions between that 
of the monochloride and that of the tetrachloride. Mixtures con. 
taining a larger proportion of chlorine were not examined on account 
of difficulties arising from their high vapour pressures at atmospheric 
temperature. Observations were made both in the visible spectrum, 
where the dichloride exhibits a unique intensity of colour, and in the 
ultra-violet spectrum, where an even more remarkable absorptive 
power is shown uniquely by the monochloride. 

In order to make use of the colour of thedichloride as a quantitative 
measure of its concentration in a mixture of given composition, it 


Fie. 2. 
Atomic extinction coefficients in the visible and ultra-violet regions. 
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was necessary to select for observation one or more wave-lengths at 
which the colour of the other possible components of the mixture is so 
small as to be either negligible, or capable of being covered by a 
minor correction. The results of the tests which were made for this 
purpose are shown in Fig. 1, where data are given for the extinction 
coefficients of l-em. columns of sulphur monochloride, sulphur 
dichloride (or its dissociation products), and of a liquid approximat- 
ing in composition to the tetrachloride. The corresponding extinc- 
tion coefficients per atom of sulphur are shown in Fig. 2 (a). These 
figures show that the monochloride is transparent through the red 
and yellow regions of the spectrum, down to a wave-length of about 
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5200 A.U., and only shows an appreciable absorption below about 
5000 A.U.; the absorption then increases rapidly to a strong 
maximum in the ultra-violet at 2660 A.U., which is shown in Fig. 
2 (c). Chlorine also begins to absorb at about 5000 A.U., but the 
absorption is nowhere very strong. Liquid sulphur dichloride, on 
the other hand, is only transparent in the region of the spectrum 
down to about 6400 A.U. (Fig. 1, II) and shows a marked absorption 
at all wave-lengths less than 6200A.U. This absorption also 
increases to a maximum in the ultra-violet region at about 2660 A.U. 
(Fig. 2 (c), Curve II]; but, since the wave-length of the maximum 
is the same as for the monochloride, and there is ample evidence 
from other sources to show that the dichloride dissociates to form 
the monochloride, we have no hesitation in ascribing this maximum 
to the presence of the monochloride. v 

A sample of liquid sulphur chloride containing substantially 
more chlorine (78°7 at. % Cl) than the dichloride gave in the visible 
spectrum an absorption curve (Fig. 1, III) of the same type as the 
dichloride, but with a smaller intensity throughout. This diminu- 
tion of colour might be attributed to the formation of a colourless 
tetrachloride from a coloured dichloride, but a quantitative study 
of the data shows that it is merely due to dilution, and that the 
absorptive power per atom of sulphur is actually increased by the 
diminished dissociation of the dichloride in presence of an excess of 
chlorine. The ultra-violet absorption of an over-chlorinated sample 
again reaches a maximum at about 2660 A.U. [Fig. 2 (c), III], but 
the intensity of the maximum is even less than in the case of the 
“ dichloride.””’ We can therefore infer that the visible colour of 
the “‘ tetrachloride ’’ is due to the dichloride, and that its ultra- 
violet absorption is due to the monochloride. There is thus no 
evidence of any strong selective absorption either in the visible or 
in the ultra-violet region which must be attributed to the undis- 
sociated tetrachloride. If, however, we accept the obvious deduction 
that the tetrachloride is virtually free from colour both in the 
visible and in the ultra-violet region, this purely negative result 
would serve as positive evidence of the absence of the tetrachloride 
from the solutions, since it is shown below that the colour of the 
“ tetrachloride ”’ is identical with that of an equimolecular mixture 
of sulphur dichloride and chlorine, and cannot be accounted for on 
the hypothesis of a colourless tetrachloride. 

From the course of the curves in the visible region, where the 
dichloride is strongly coloured, and in the ultra-violet region, where 
the monochloride is most absorptive, it is clear that the absorption 
curves of these two chlorides must intersect at some point in the 
extreme violet or early ultra-violet region of the spectrum. The 





1426 LOWRY AND JESSOP : 


actual crossing of the curves is shown in Fig. 2 (6) at about 3750 A.U. 
We can also infer on general grounds that the absorptive power of the 
dichloride must rise to a maximum either in the accessible ultra. 
violet region (selective absorption) or at a wave-length beyond the 
range of experimental observation (general absorption). The 
position of this maximum could not be determined directly on 
account of the enormous absorptive power for ultra-violet light of 
the monochloride in the dissociated liquid. Curve Ii [Fig. 2 (6)], 
however, shows a flattening out which may be regarded as an 
indication of an incipient absorption band at about 4000 A.U. 
This is not strong enough to develop a “ step-out ”’ in the curve, but, 
if a correction is made (by the methods described on p. 1433) for the 
known absorptive power of the known proportion of monochloride 
in the dissociated liquid, a curve is obtained [Fig. 2 (6), IV] which 
rises to a shallow maximum at about 3600 A.U. The continuation 
of this curve in the ultra-violet shows a rapid increase of general 
absorption from about 2500 A.U., but no second maximum. These 
observations indicate that the dichloride exhibits both a general 
and a selective absorption; but this conclusion is based, not very 
securely, only on a series of differences between an observed and a 
calculated curve. 

Colorimetric Analysis of the Chlorides of Sulphur.—The two wave- 
lengths selected for colorimetric analysis in the visible spectrum 
were 5200 A.U. and 5400 A.U. At the shorter of these two wave- 
lengths the absorptive power of the monochloride can be detected, 
but is negligible under the conditions used in the present series of 
experiments; at the longer wave-length the liquid appears to be 
completely transparent when examined under the same conditions. 
The absorption of light of these two wave-lengths was also found 
to be negligible for a solution of chlorine in carbon tetrachloride. 
The extinction coefficients, e, for 1-cm. layers of samples of sulphur 
chloride containing from 50 to 78-7 atoms °%, of chlorine are set out 
in Table I and are shown graphically in Fig. 3. When plotted 
against the atomic percentage of chlorine, these coefficients increase 
according to an almost linear law from 50 to about 60 at. % Cl, and 
then less steeply to a well-defined maximum at the theoretical 
composition (66-7 at. % Cl) of the dichloride; they then fall again 
according to an almost linear law from 72 to 100 atoms % of 
chlorine. 

The well-marked maximum (which is here recorded for the first 
time) agrees closely with the composition of the dichloride and thus 
proves that the absorption of light of these two wave-lengths is due 
to this compound. Further, the absence of any other break or 
inflexion in the curve provides evidence that no other compound is 
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present in appreciable quantities. Thus, if a colourless chloride of 
the formula 8,Cl, or SCl, were sufficiently stable to persist as the 
main constituent of a melt of similar empirical composition, the 
molecular extinction coefficients should droop towards a zero value at 
57 or at 80 atoms % of chlorine instead of at 50 or 100 atoms %. 

If sulphur dichloride were sufficiently stable to be melted without 
decomposition, we should expect the maximum to be formed by 
the intersection of two straight lines (or flat curves) representing 
the extinction coefficients of mixtures of the dichloride with the 
monochloride and with free chlorine respectively. The rounding 


Fie. 3. 
Extinction coefficients of 1-cm. layers for wave-lengths 5200 and 5400 A.U. 
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of the maximum, and the consequent curvature of these lines in the 
adjacent range of compositions, can therefore be attributed to dis- 
sociation, and (as in the case of a freezing-point diagram) this 
curvature can be used as a measure of the dissociation. The extent 
of this dissociation can be shown most effectively by plotting the 
data as in Fig. 4, where the ordinates show the molecular extinction 
coefficients, e, of sulphur dichloride when calculated on the supposi- 
tion that the whole of the sulphur in mixtures which are richer in 
chlorine, and the whole of the chlorine in mixtures which are richer 
in sulphur than sulphur dichloride, is present as the dichloride. 
This method of plotting shows the molecular extinction coefficient 
of the dichloride, whether dissociated or not, and so enables us to 
302 
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determine the degree of dissociation, on the assumption that the 
intensity of absorption of the molecule of the dichloride is not 
affected by dilution with the monochloride or with chlorine. Thus, 
since the dissociation represented by the equation 2SCl, == §,Cl, + 
Cl, must be repressed by an excess of either of the products of 
dissociation, we should expect that the curve would rise to a 
maximum in solutions containing a little less than 100%, or a little 
more than 50%, of chlorine atoms. This maximum is actually 
reached in the latter case, where the molecular extinction coefficient 
rises to ¢ = 1-20 at 5200 A.U. and to « = 0-74 at 5400A.U. On 
the other side, this steady value is not quite reached, since the 


Fia. 4. 
Molecular extinction coefficients of sulphur dichloride, showing dissociation. 
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measurements were not carried beyond 79 atoms % of chlorine, on 
account of the high vapour pressures of.the mixtures. 

In the absence of any excess of either product, the dissociation 
should rise to a maximum, and the extinction coefficient should 
therefore fall to a minimum, at the composition of the dichloride, 
and this is actually realised in Fig. 4, where the lowest values of 
the extinction coefficient are « = 1-02 at 5200 and 0-63 at 5400 A.U. 
The ratio of these minimum values to the corresponding maxima 
gives the proportion of undissociated sulphur dichloride in the 
liquid as 0-85, but the general course of the curves can be expressed 
more accurately by using a slightly lower value 0-83. The dichloride 
therefore dissociates to the extent of about 16% when the melt is 
allowed to come to a condition of equilibrium at atmospheric 
temperature. 
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TaB_eE I. 
Absorption in the visible spectrum. 


Extinction coefficients per cm. of liquid, e, and molecular extinction 
coefficients, «, of sulphur dichloride. 

5200 A.U. 56400 A.U. 5200 A.U. 5400 A.U. 

At.% Cl. 6 €. é. €. At.% Cl. e. €. " €. 
50-0 006 — — 65-60 15°30 1-031 . 0-648 
54:48 5-34 1-212 0-733 66-67 16-04 1-02 . 0-627 
58°05 9-54 1-213 0-748 16-64 1-020 . 0-644 
59:10 10-10 1-135 0-715 67:04 15-90 1-019 . 0-642 
60°85 12-00 1-135 0-718 70°7 15-06 1-120 * 0-695 
12-06 1-145 0-735 71-76 14-50 1-107 . 0-691 
62°84 12-90 1-050 0-670 73°51 12-52 1-030 . 0-645 
63-08 13-54 1-080 0-678 74-9 13-20 1-145 . 0-695 
63:11 13-54 1-077 0-693 75°56 12-80 1-148 : 0-741 
63:78 13°82 1-040 0-663 75°80 11-90 1-070 . 0-682 
65:00 15-14 1-059 0-678 78-7 11-08 1-153 . 0-690 

65°24 15°05 1-036 0-653 100 0-0 — . — 


CODPHOIIARAWS 
~ SO D> > OP OO > 


AsHSIMoIMBeSbdE 
Sow °S 


Photometric Analysis in the Ultra-violet Region.—The ultra-violet 
spectrum of the chlorides of sulphur is characterised by a maximum 
selective absorption at 2660 A.U., which is so strong that measure- 
ments could not be made with the pure liquids, but had to be made 
with dilute solutions in cyclohexane. These were made up immedi- 
ately before use from liquids which had been brought to equilibrium 
by heating at 100° for an hour and then storing for several days 


at atmospheric temperatures. The results of the measurements are 
in Table II, where the extinction coefficients per atom of sulphur are 
set out for different atomic percentages of chlorine. They are 
also shown graphically in Fig. 5. The maximum value of the 
atomic extinction coefficient at 2660 A.U. rises to 3170 in a solution 
of pure sulphur monochloride, which has therefore a molecular 
extinction coefficient of 6340, on the assumption that it is not dis- 
sociated to any appreciable extent in solution at room temperature. 
4s the atomic percentage of chlorine is increased, the atomic 
extinction coefficient diminishes rapidly. The fall is roughly 
linear in character, tending towards a zero value at about 70 atoms 
%; but, instead of cutting the axis of zero absorption, the curve 
flattens out from about 65 atoms % and approaches it tangentially. 
The general form of the curve is of the type that one would expect 
if the principal product of chlorination were a rather unstable 
dichloride, which is dissociated to such an extent that a complete 
conversion of monochloride into dichloride could only be effected 
in presence of a large excess of free chlorine. 

Although the absorption of light of wave-length 2660 A.U. 
increases progressively as the proportion of chlorine is reduced to 
50 atoms %, this absorption cannot be used as a direct measure of 
the proportion of sulphur monochloride in a given sample of liquid, 
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since the absorption of the dichloride at this wave-length is too great 
to be ignored, although that of free chlorine appears to be negligible. 


Taste IT. 


Absorption in the ultra-violet spectrum. 
Extinction coefficients per gram-atom of sulphur at 2660 A.U. 
50-0 52-3 53-26 5448 56:37 58-05 
3250, 3070, 3150, 3200 2750 2850, 2650 2600 2500 2000, 1820 


- 59-09 60°85 63-08 65-24 66:7 72-04 100 
2020 1620 1220 840 650, 640, 710, 640, 630 290, 300 <10 


Fie. 5. 
Atomic extinction coefficients at 2660 A.U. 
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Experimental Methods.—Measurements of absorption in the 
visible spectrum were made with a Nutting spectrophotometer and 
a Hilger constant-deviation spectrometer. The ultra-violet measure- 
ments were made with a Bellingham and Stanley ultra-violet 
spectrophotometer mounted on a large Hilger quartz spectrograph. 

On account of the high absorption of sulphur dichloride in the 
visible region, the various liquids had to be examined in layers of 
less than 1 mm. thickness ; and, since mixtures containing more than 
about 70 atoms % of chlorine have a vapour pressure at room 
temperature which is greater than an atmosphere, it was necessary 
that the cells should be sealed and should then be capable of 
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holding an internal pressure of about 3 atmospheres. After several 
unsuccessful attempts to construct such a cell by cementing glass 
parts together, a cell was constructed in fused silica without cement, 
as shown in Fig. 6. A reaction bulb, B, of clear silica with walls 
about 1 mm. in thickness, was formed at the end of a tube which 
could be closed by a stopper, C, and fastened by filling the joint with 
solidified paraffin wax. A side tube carried an observation cell, A, 
made from optically-plane discs of fused silica about 3 mm. thick ; 
the thickness of the film was deduced from the weight of mercury 
required to fill the parallel portion of the cell, 
and was found to be 0-0526 cm. 

For measurements in the visual region, 
mixtures containing less than 67 atoms % of 
chlorine were stored in sealed tubes and trans- 
fered by a pipette to the absorption cell. 
Mixtures containing more chlorine could only 
be transferred without loss of chlorine when 
cooled below 0°, and even then were liable to 
contamination by atmospheric moisture. These 
mixtures were therefore prepared by putting 
about 3 g. of sulphur dichloride into the weighed 
reaction bulb, weighing again, cooling over 
liquid air, and then passing dried chlorine into 
the cell until the desired quantity had been 
condensed. The stopper was then fastened 
down, and the bulb weighed again at room 
temperature in order to determine the com- 
position of the mixture. The mixture was left 
over-night at room temperature in order to 
bring about a condition of equilibrium. The 
apparatus had been tested to withstand an 
internal pressure of 3 atmospheres, but it was 
not considered safe to work with mixtures containing more than 
about 79 atoms % of chlorine. 

The ultra-violet measurements were made with l-cm. or 2-cm. 
columns of solutions in cyclohexane, freshly prepared from mixtures 
which had been brought to equilibrium by storing for several days 
at room temperature after heating for an hour at 100°; they were 
not carried beyond 72 atoms %, on account of the increasing vapour 
pressure of chlorine. : 

Light passing through the cell is lost by reflexion at the interfaces 
as well as by absorption. Since the refractive indices of the sulphur 
chlorides are nearly the same as that of silica, there would be very 
little loss by reflexion at the inner surfaces, and the zero of the 


Fie. 6. 
Absorption cell for 
visual measurements. 
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instrument was therefore determined with a single silica plate in 
front of the cell. Since densities can be treated additively, the 
density thus found was subtracted from the total density, as defined 
by the equation d = log I,/I, where J, and J are the intensities of 
the incident and the transmitted light. The extinction coefficient 
e was calculated from the equation e = 1/1 . log I, /I and the atomic 
extinction coefficient « from the equation « = 1/el . log J,/J, in 
which 1 is the length of the column and c the concentration in gram. 
atoms per litre of the element under consideration. 

Application of the Law of Mass Action.—The experiments now 
described lead to the conclusion that the only compound which is 
formed in substantial quantities at room temperature by the inter. 
action of sulphur monochloride and chlorine is the dichloride. This 
conclusion makes it possible to carry out a quantitative analysis of 
the extinction coefficients by a simple application of the laws of 
mass action. 

(a) Visible spectrum. For the purpose of this analysis we may 


write 
2S8Cl, == 8,Cl, + Cl, 
1—2a a b 

In this equation the total atomic concentration of sulphur is taken 
as unity and the molecular concentration of free chlorine is taken as 
b. The degree of dissociation of the dichloride is 2a, so that a is 
also the molecular concentration of S,Cl,. The values of a and } 
can be deduced from the empirical composition of the sample and 
the dissociation constant of the dichloride. It is assumed throughout 
that a condition of equilibrium has been reached in all the mixtures. 

The law of mass action cannot be expected to apply strictly to 
liquid mixtures, but since there are equal numbers of molecules on 
the two sides of the equation, the degree of dissociation should be 
almost independent of the volume, and the conditions are therefore 
favourable for a trial. The dissociation constant K = ab/(1—2a) 
can be calculated most readily from the degree of dissociation of 
the dichloride, as deduced on p. 1428. It was there shown that for 
each gram-atom of sulphur there is 0-84 gram-molecule of SCI, 
and therefore 0-08 gram-molecule each of 8,Cl, and Cl,. Putting 
a = b = 0-08, therefore, we find K = 0-009. We can now proceed 
to find the degree of dissociation of the dichloride in presence of an 
excess either of sulphur monochloride or of chlorine as follows. 
The total number of atoms of chlorine for each atom of sulphur is 
2(l—a + 6); the atomic percentage of chlorine is therefore 
2(1—a + 6)100/{1 + 2(l—a + 6)}. The ratio of the actual 
amount of dichloride in the mixture to the amount deduced from 
its empirical composition is 1—2a when there is an excess of chlorine, 
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and (1 — 2a)/(1 — 2a + 26) when sulphur monochloride is in excess. 
The values of this ratio, for a series of atomic percentages of chlorine, 
are set out in the fourth column of Table III, where the value of 6 
has been calculated for a series of values of a on the assumption that 
K = 0-009. Assuming now that the molecular extinction coefficient 
of undissociated sulphur dichloride is « = 1-20 at 5200 A.U. and 
-= 0-74 at 5400A.U., we can calculate the atomic extinction 
coefficients of the preceding mixtures. These are set out in the 
last two columns of Table III, and are shown as full curves in Figs. 
3and 4. The concordance between these calculated curves and the 
experimental points is close enough to show that the method of 
calculation is fundamentally sound. In particular, the atomic 
extinction coefficient at the composition of the tetrachloride agrees 
with the value deduced from its content of dichloride so closely that 
we cannot find room for more than 1—2% of a colourless tetra- 
chloride. The application of the laws of mass action therefore 
provides further support for the conclusion that the only important 
components of liquids containing from 50 to 100 atoms % of 
chlorine are the monochloride, the dichloride and free chlorine. 

(b) Ultra-violet spectrum. The same methods of analysis can be 
applied to the ultra-violet absorptions as follows. Taking the total 
atomic concentration of sulphur as unity, and the degree of dissocia- 
tion as 2a, the molecular concentration of the monochloridé is a and 
the absorption due to the monochloride at wave-length 2660 A.U. is 
6340a. By using the equilibrium constant, K = 0-009, which 
has already been deduced from the visual observations, we can 
calculate the values of a and of 6340a for different atomic per- 
centages of chlorine, and thus obtain the numbers shown in the 
second and third columns of Table IV. 

These absorptions are lower than those observed experimentally 
at 2660 A.U., since we have ignored the ultra-violet absorption of 
the dichloride, which is not legitimate in view of the rapid increase 
of its absorptive power in the blue and violet regions of the spectrum. 
We can, however, calculate the magnitude of its molecular extinc- 
tion coefficient from the excess of the observed above the calculated 
values. Thus, the observed extinction for a liquid having the 
composition of the dichloride is « = 640, whilst the calculated value 
is 510. If the difference of 130 units is attributed to the 84% of 
dichloride which it contains, the molecular extinction coefficient of 
the latter compound must be 130/0-84 = 158 at 2660 A.U. 

For all other mixtures the concentration of the dichloride is 
(l—2a) and its contribution to the atomic extinction coefficient is 
158(1—2a). ‘These values are given in the fourth column of 
Table IV, and the total calculated absorption by the mono- 
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chloride and dichloride is shown in the last column. The theoretical] 
curve for 16% dissociation is plotted in Fig. 5, and shows a very 
satisfactory concordance with the observed values. 

The correctness of the value deduced for the molecular extinction 
coefticient of pure sulphur dichloride at 2660 A.U. can also be checked 
by studying the extinction curve for a mixture containing 72 atoms 
% of chlorine (Fig. 2, Il). This mixture should contain about 
5-0% of its sulphur as monochloride and the rest as dichloride. We 
therefore subtract from the total atomic extinction coefficients at 
various wave-lengths a series of theoretical values deduced by 
multiplying the molecular extinction coefficients of the monochloride 
by the factor 0-025. The residual absorption, which should be 
equal throughout to that of sulphur dichloride, multiplied by the 
factor 0-950, is shown in Fig. 2 (c), curve IV. The fact that this 
curve shows neither a hump nor a depression at the wave-length 
of maximum absorption by the monochloride is clear evidence that 
the allowance made for the proportion of monochloride in the 
mixture is substantially correct. 


TABLE ITI. 
Calculated absorptions in the visible spectrum. 


Molecular extinction coefficients of sulphur dichloride. 


Calculated extinction 
coefficients. 


i igen iin, 

At. % Cl. SCI, ratio. 5200 A.U. 5400 A.U. 
54-6 0-990 1-186 0-732 
58-6 0-978 1-171 0-723 
62:1 0-949 1-135 0-702 
65-8 0-873 1-046 0-646 
66-7 0-840 — 1-006 0-621 
68-8 0-900 1-079 0-665 
73-7 0-960 1-150 0-710 
78-8 0-980 1-174 0-725 





TABLE IV. 


Calculated absorptions in the ultra-violet. 


- Extinction coefficients per gram-atom of sulphur. 


; Absorption by Absorption by Total 
At. % Cl. . monochloride. dichloride. absorption. 

54-6 . 2540 32 2570 
58-6 . 1900 63 1960 
62-1 . 1270 95 1360 
65-8 . 630 126 760 
66-7 . 507 133 640 
68-8 317 142 460 
73-7 -02 130 152 280 
63 155 220 
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Finally, attention may again be directed to the fact that the 
complete omission of sulphur tetrachloride from the scheme of 
equilibrium at atmospheric temperature makes it possible to provide 
a satisfactory interpretation of all the data now recorded and that 
this would be spoiled if the highly absorbent monochloride and 
dichloride were diluted with a non-absorbent tetrachloride, and still 
more so if the tetrachloride possessed any marked absorptive power, 
since this would have led almost inevitably to its detection in the 
course of the present series of experiments. 


Summary. 


(a) The red component of the chlorides of sulphur is sulphur 
dichloride, SCI, ; this can be estimated by absorption of light of wave- 
length 5200 or 5400 A.U., to which the monochloride and chlorine 
are completely transparent. Colorimetric analysis shows that the 
liquid dichloride is dissociated to the extent of about 16% at 
atmospheric temperature. 

(b) Sulphur monochloride shows a weciigy maximum of selective 
absorption in the ultra-violet, log « = 3-8 at 2660 A.U., but cannot 
be estimated photometrically on account of the absorption of 
ultra-violet light by the dichloride. 

(c) Sulphur tetrachloride is not formed in appreciable quantities 
in the liquid chlorides of sulphur, which behave as ternary equili- 
brium mixtures, to which the law of mass action can be applied in 
accordance with the equation 2SCl, == §,Cl, + Cl. 


UntvERsiry CHEMICAL LABORATORY, 
CAMBRIDGE. [Received, April 17th, 1929.] 





CLXXXITI.—The Chemistry of the Three-carbon System. 
Part XXI. Some cycloHeptane Compounds. 


By WizFrED Eynon Huan, Grorern ARMAND Rosert Kony, and 
THomas MITCHELL. 


In extending previous work on the mobility and the point of 
equilibrium of tautomeric compounds in relation to structure (J., 
1928, 1630; this vol., p. 572), we were led to examine the effect of 
the cycloheptane group, both in acids and in ketones, of the types 
(I) and (II). 


: CH, CH CH ast er On-cH-0 te 
(X = CO,H or COMe.) 
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cycloHeptylideneacetic acid on treatment with alkali passed into 
an equilibrium mixture from which about 25% of unchanged acid 
could be recovered by Bougault’s method (Kon and May, J., 1927, 
1549). The equilibrium ratio for this acid and its Py-isomeride (not 
obtained in a pure state) was therefore approximately 25:75. No 
estimate of mobility was, however, possible. 

We have now repeated the equilibration of the acid and deter. 
mined its mobility and point of equilibrium, using Linstead and 
May’s extrapolation method (J., 1927, 2565), since pure A1-cyclo. 
heptenylacetic acid (II, X = CO,H) (now obtainable from the 
equilibrium mixture: see Experimental) was not available. Our 
results confirm Kon and May’s estimate of the point of equilibrium 
(26% «8), but subsequent experiments with the pure By-acid suggest 
that this value may be 2 or 3% low. The mobility, (k, + k,) x 10, 
calculated in the usual way is 0-66. 

The «$-acid is readily converted through the acid chloride into the 
ketone (I, X = COMe), which was shown to have the «f-structure 
by its physical properties and by oxidation to suberone. Its 
semicarbazone (m. p. 172—173°) is identical with the semicarbazone 
prepared by Kon from calcium cycloheptanediacetate (J., 1921, 
119, 810) and thought to be that of the By-ketone : this discrepancy 
is due to the sparing solubility of the semicarbazone, which is 
readily obtained even from mixtures containing considerable 
quantities of the By-isomeride. 

The ketone regenerated without appreciable change from the 
semicarbazone was employed throughout this work. 

The difficulty of preparing the By-ketone (II, X = COMe) is s0 
great that it is doubtful whether the pure material has yet been 
obtained. The process employed by Dickins, Hugh, and Kon (this 
vol., p. 572) for the synthesis of cyclopentenylacetone gives a product 
which closely resembles Kon’s ketone (loc. cit.) in physical properties 
and, as it has a high reactivity towards iodine chloride, consists to a 
great extent of the By-ketone. The semicarbazone prepared from 
it, however, does not appear to be homogeneous, crystallises badly, 
and gives only a very small amount of material of constant melting 
point. On the other hand, the ketone gives on treatment with 
sodium ethoxide an equilibrium mixture of practically the same 
iodine addition as that from the pure «§$-ketone, so it cannot 
contain much saturated impurity. 

The equilibration of the two ketones under Kon and Linstead’s 
standard conditions (this vol., p. 1270) shows that the system is 
extremely mobile. Exact calculations have not been made because 
the ketone is practically at equilibrium after 5 minutes’ treatment 
with sodium ethoxide; a rough extrapolation gives the half-change 
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period as less than 2 minutes, and the mobility, (k, + ,) x 104, 
must therefore be greater than 3500. 

The values for the final equilibrium and for the intermediate 
points fluctuate somewhat more than they do for the cyclohexane 
compounds (Kon and Linstead, loc. cit.), so the accuracy attained is 
not of such a high order; the equilibrium point lies between 63-5 
and 66-2% of «8-ketone; the average figure obtained is 65%. 

The point of equilibrium of the ketones is therefore definitely on 
the «®-side, although not as much as in the cyclopentane compounds, 
in general agreement with the views previously expressed. The 
high mobility, comparable with that of the cyclopentane compounds 
(an exact comparison is not yet possible) is not readily accounted for 
and is in contrast with the low mobility of the acids. It appears, 
therefore, that the mobility and the point of equilibrium of ketones 
cannot be simply correlated with those of the corresponding acids. 


EXPERIMENTAL. 

Equilibration of cycloHeptylideneacetic Acid.—The acid (Kon and 
May, loc. cit.) was purified by reprecipitation from its solution in 
sodium hydrogen carbonate and crystallised from light petroleum. 
The anilide, prepared by way of the acid chloride, b. p. 120— 
121°/13 mm., formed long silky needles, m. p. 90—91°, from ethyl 


acetate—petroleum (Found: C, 78-3; H, 8-4. C,;H,,ON requires 
C, 78-5; H, 8-4%). 

The pure acid was heated with potassium hydroxide solution 
under the standard conditions used by Linstead (J., 1927, 2579; 
Goldberg and Linstead, J., 1928, 2343), and the change estimated by 
Linstead and May’s second method (loc. cit.) : 

Time of % Iodine addition in 

heating *: 

(hours). 30 60 90 120 210 mins. 

0 Nil _- — 
3 13-3 13-6 14-0 14-0 
9 32-9 35-0 35-2 35-9 
15 43-0 46-4 46-5 47:1 
24 54-2 57-4 60-0 61-3 
40 60-6 67-2 69-7 70-7 
72 61-9 69-0 72-5 74-6 


The figures obtained by extrapolation are : 


Time (hours) ... 3 9 15 24 40 72 
% aB-Acid 87 66 54 40 31 26 
(ky + ke) 0-:0643 0-0682 0-0647 0-0693 0-0673 — 
Preliminary experiments had shown that there was no further 
change after 72 hours. The mobility calculated from these figures 
is 0-66. 
Al.cycloHeptenylacetic Acid (II, X = CO,H).—The crude acid 
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obtained by Wallach’s method (Annalen, 1902, 314, 157) contains 
up to 25% of the «8-acid and all the methods of preparation used 
gave similar mixtures. The pure acid was obtained from it by the 
method successfully used to isolate hydrosorbic (A%-hexenoic) acid 
(Linstead and Eccott, unpublished work). The crude acid (36 ¢.) 
was kept at room temperature with 216 c.c. of absolute alcohol and 
72 c.c. of 1% alcoholic hydrogen chloride for 5 hours; an excess of 
sodium carbonate solution was then added and the ester isolated by 
means of ether. The unesterified acid recovered from the alkaline 
solution was practically pure «8-acid. The ester, b. p. 104—107°/ 
12 mm., d* 0-97172, nii* 1-44689, [R,]5 52-00 (calc., 51-99), showed 
a high reactivity towards iodine chloride (54-1% addition in 10 
minutes, 73-6% in 60 minutes). It was hydrolysed with cold 10% 
aqueous-alcoholic potassium hydroxide: the acid, isolated in the 
usual manner, had b. p. 153°/17 mm., 107°/2-5 mm., df” 1-01155, 
ni” 1-48820, [Rz]p 42-78 (calc., 42°75); its iodine addition was 
76-5% in 10 minutes and 86-6 in 30 minutes, so it was evidently the 
pure Al-isomeride (Found: C, 69-8; H, 9-1. C,H,,0, requires 
C, 70:1; H, 9-2%). The acid chloride had b. p. 100—104°/13 mm. 
and gave the anilide, which formed plates, m. p. 79—80°, from 
benzene—petroleum (Found : C, 78-5; H, 8-2. ©,;H,,ON requires 
C, 78:5; H, 84%). The pure Al-acid was obtained after the 
equilibration experiments had been completed; graphic inter- 
polation between the iodine addition in 30 minutes of the «@- and 
the By-acid gave a value of 28% of «f-acid for the final equilibrium 
value (72 hours), in good agreement with that calculated above. 
cycloHeptylideneacetone (I, X = COMe).—The ketone was ob- 
tained in good yield from the «8-acid ‘by the Blaise—Maire reaction 
and boiled at 94—95°/9 mm. The semicarbazone was readily 
formed and crystallised from methyl alcohol in small plates, m. p. 
172—173°, which did not depress the m. p. of Kon’s original specimen 
(compare above). The ketone regenerated from it had b. p. 96°/10 
mm., dji* 0-94852, nij* 1-49518, [Rz]p 46-79 (calc., 45-84) (Found: 
C, 79:1; H, 10-7. C, 9H,,0 requires C, 78-9; H, 10-6%). 
cycloHeptenylacetone (II, X = COMe).—This ketone was similarly 
obtained from the By-acid; the yield of crude ketone was poor and 
on treatment with semicarbazide a mixture containing an appreciable 
amount of the aB-semicarbazone, m. p. 172—173°, was precipitated. 
The crude semicarbazone was ground with light petroleum and 
hydrolysed with oxalic acid. The regenerated ketone, after treat- 
ment with aluminium amalgam to remove the a$-ketone (compare 
Dickins, Hugh, and Kon, loc. cit.), was fractionated, fractions of 
b. p. 91—93°/13 mm., and 95°/13 mm. being collected; the second 
of these had the higher iodine addition and was used for plotting 
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the reference curve; it had d}* 0-93558, n§* 1-47595, [Rz]p 45-86 
(calc., 45-84). Both fractions gave an indefinite, very soluble semi- 
carbazone, from which only a very small amount of long, flattened 
needles (from ethyl acetate-petroleum), m. p. 128—129°, could be 
isolated (Found: C, 62-8; H, 9-2. C,,H,,ON, requires C, 63-1; 
H, 9-2%). 

Equilibration of the Ketones.—For the analysis of mixtures a 
reference curve was constructed from the following values for the 
addition of iodine in chloroform solution (in 10 minutes) : 


Mixture (% aB) 10 25 50 75 90 100 
Addition (%) 04-7 93-4 915 80-2 588 41:9 - 29-8 


The very high addition of the By-ketone will be noted; even the 
lower fraction (see above) had an addition of 92-8%. 

The equilibrations were carried out under Kon and Linstead’s 
standard conditions. In the first experiments the «$-ketone purified 
by distillation was used, but the equilibrium mixture obtained had 
a much lower iodine addition than the equilibrium mixture obtained 
from the pure ketone, owing to the presence of some less mobile 
impurity (esters): this conclusion was borne out by the somewhat 
higher density of the ketone (d}** 0-95260). Afterwards the pure 
ketone regenerated from the semicarbazone was used. The 
a8-ketone appears to be practically unaffected by the process of 
regeneration, the best sample obtained having actually a lower 
iodine addition (25-9%%) than the specimen used in plotting the 
reference curve, and only one had an addition of 35-6%. 

The first experiments with the By-ketone were carried out on the 
assumption that the rate of change would be slower than in the 
cyclohexane compound, and the times chosen were 20, 40 and 60 
minutes; the % iodine additions were 71-2 (corresponding to 61-2% 
of «f-ketone), 68-3 (64-8%) and 66-9 (66-5%) respectively. The 
last specimen then had d?” 0-94212 and nj)” 1-48571. The three 
specimens were combined and equilibrated for 20 hours; an iodine 
addition of 67-7°%% was then obtained. 

The following values were obtained with the «$-ketone : 


% Iodine addition. 


Time (mins.). L (b). (c). 
5 65-4 a 

10 ° 68-2 
20 . nl 
40 — 

60 : -- 69-6 
1020 69-4 — 


* This specimen had dj? 0-94473 and nj) 1-48860. 








1440 GIBSON, DRISCOLL, AND JONES : 


The combined fractions of (a) were treated again for 16 hours and 
then again for 18 hours; the product had an addition of 69-5%, in 
each case. <A similar experiment with the fractions of (c) gave a 
final value of 67-7%. Rejecting the values below 67% addition 
and averaging the remaining eleven, we obtained 68-4% (corre. 
sponding to 65% of «$-ketone approximately) as the equilibrium 
point with an uncertainty of about 1%. 

The estimate of the mobility must necessarily be very rough, but 
by interpolation between the zero and the 5-minute value for the 
aB-ketone a half-change period of less than 2 minutes is obtained. 


The authors’ thanks are due to the Royal Society and the Chemical 
Society for grants which have defrayed the cost of the investigation, 
and to the Salters’ Institute for a maintenance grant to one of 
them (T. M.). 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W. 7. [Received, May 14th, 1929.] 





CLXXXIV.—Equilibrium between Alcohols and Salts. 
Part III. 


By Granam CHARLES Gipson, JoHN O’LEARY DRISCOLL, and 
Wi114m Jacos JonzEs. 


In the present communication (see J., 1926, 318, 321; 1928, 658) are 
described the conditions of equilibrium between certain sulphates 
and absolute methyl and ethyl alcohols. Dissociation pressures and 
the compositions of the solid phases in contact with the saturated 
solutions have been investigated by Bagster’s method (J., 1917, 111, 
494). The products obtained when the anhydrous salts are con- 
tinuously extracted with warm absolute methyl alcohol have been 
examined. Methyl-alcoholates of ferrous, zinc and magnesium 
sulphates have been prepared by dissolving the metal in a solution 
of sulphuric acid in the absolute alcohol. The density, without 
correction of the weighings to vacuum, of the methyl alcohol used 
in the present work was d? 0-78656, and that of the ethyl alcohol 
0-78510. The degree of purity of the saits was : MnSO,, 99-7%; 
CdSO,, 99:9%; Na,SO,, K,SO,, (NH,).SO,, CuSO,, Ag,SO,, CaSO,, 
SrSO,, BaSO,, MgSO,, ZnSO,, Al,(SO,),, PbSO,, Th(SO,),, CoSO,, 
NiSO,, each 100-0%. 

No determinations of solubilities of sulphates in alcohols over 
ranges of temperature have hitherto been made, but measurements at 
18° were carried out by Lobry de Bruyn (Z. physikal. Chem., 1892, 
10, 782), who gave that of copper sulphate as 0-0105 g. of salt per g. 





EQUILIBRIUM BETWEEN ALCOHOLS AND SALTS. PART Il. 1441 


of methyl alcohol, that of magnesium sulphate as 0-0118, that of zinc 
sulphate as 0-0065, that of cobalt sulphate as 0-0104, and that of 
nickel sulphate as 0-005. The first investigation of a solid phase 
in equilibrium with a saturated anhydrous alcoholic solution was that 
of Klepl (J. pr. Chem., 1882, 25, 526) in the case of copper sulphate. 
He stated that under methy] alcohol the solid phase remained white, 
but this was contradicted by de Forcrand (Compt. rend., 1886, 102, 
551), who obtained greenish-blue crystals of alcoholate. A more 
thorough investigation of the composition of the solid phases yielded 
by the copper sulphate and methyl alcohol was made by Auger 
(Compt. rend., 1906, 142, 1272), who showed that on extraction with 
the alcohol the anhydrous salt was converted into an insoluble green 
basic salt to which he assigned the formula Cu0,3CuSO,,4CH,°OH, 
but when a small quantity of methyl alcohol was saturated with 
copper sulphate the solid phase consisted of OuSO,,CH,-OH with 
only an insignificant proportion of basic salt. The present work has 
confirmed these observations of Auger, although it should be pointed 
out that for the basic sulphate the formula Cu0,4CuSO,,6CH,-OH 
better satisfies the results of the analyses both of Auger and of the 
authors. Further, Auger, although he gave no quantitative results, 
stated that he had obtained evidence of very slight basic decomposi- 
tion in the cases of cobalt and nickel sulphates, and of more con- 
siderable decomposition in the case of zinc sulphate. The present 
experiments, however, have failed to reveal the formation of basic 
alcoholates of the former two salts, and have proved that only a trace 
of basic salt is formed by zinc sulphate even on long standing. 


EXPERIMENTAL. 


Results. In the following tables solubility is given as gram of salt 
per gram of alcohol, and pressure as mm. of mercury. 


Solubility of sulphates in methyl alcohol. 


Mag- Cad- Thor- Man- 

Temp. nesium. Zine. mium. ium. ganous. Cobalt. Nickel. 
15° 0-00276 0-00485 0-00038 0-00029 0-00190 0-00300 0-00061 
25 0-00224 0-00428 0-00031 0-00024 0-00114 0-00418 0-00081 
35 0-00180 0-00408 0-00026 0-00019 0-00064 0-00419 0-00110 
45 0-00153 0-00420 0-00022 0-00014 0-00043 0-00372 0-00157 
55 ©60-00123 |-0-00463 =9-00019 +=0-00010 0-00029 0-00267 0-00222 


The sulphates of sodium, potassium, ammonium, silver, calcium, 
strontium, and aluminium were all found to have solubilities less 
than 0-0001 at 25°; barium and lead sulphates less than 0-00001. 
Owing to the gradual formation of basic salt in systems containing 
copper sulphate and methyl alcohol, values of the solubility of the 
normal salt are subject to some uncertainty. When the two 
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components are brought together, the amount of salt dissolved 
increases at first, then attains a maximum value, and subsequently 
steadily falls as the sparingly soluble basic salt is beingformed. For 
instance, in a certain experiment at 15°, when the components were 
shaken together the amount of salt dissolved after 16 days was 
0-00525 g. per g.; after 23 days, 0-00731; after 26 days, 0-00763; 
and after 28 days, 0-00707. - In all cases when the maximum is 
attained, the solid phase in contact with the blue solution is the white, 
non-alcoholated salt (Found in one case: SQ,, 59-6. Calc. for 
CuSO,: SO,, 60-2%). Alcoholation is always subsequent to the 
attainment of the maximum, the values of which are given below: 
25° 35° 45° 
Graal ‘CuSO, /g.CH,-OH 0-0076 00-0140 00215 0-029 


When anhydrous copper sulphate is wetted with the absolute 
alcohol and kept at 15° until alcoholation has completely occurred, 
the solid phase obtained consists of the monoalcoholate of the normal 
salt, with only a trace of basic salt (Found: SO,, 49-3. Calc. for 
CuSO,,CH,-OH : SO,, 50-2%) (conipare de Forcrand and Auger, 
loce. cit.), but when-copper sulphate is preserved in contact with 
large excess of the alcohol there is ultimately produced the basic 
alcoholate (Found: Cu, 34:3, 34:5; SO,, 42:1, 41-9. Cale. for 
Cu0,4CuS0,,6CH,,OH: Cu, 349; SO, 422%. Cale. for 
Cu0,3CuSO,,4CH,°OH : Cu, 37-0; SO,, 42-0%), already analysed 
and described by Auger, who found Cu, 35-0, 36-0; SO,, 42-1, 42-2%. 

In the following table are given (1) the compositions of the solid 
phases in equilibrium with the respective saturated solutions between 
15° and 55°, and (2) the dissociation pressures of the alcoholates. In 
the case of each salt the alcoholate given last in the column headed 
“‘ Solid phase” is the lowest, and dissociates directly to the non- 
alcoholated salt. 


Methyl-alcoholates. 
Salt in solid phase, %. Dissociation pressure in mm. 
Solid phase. Found. Calc. 12°. 16°. 20°. 
MgSO,,3}CH,-OH 51-8 51-8 51-5 57-5 63-0 
ZnSO,,24CH,-OH 66-7 66-8 9-0 12-0 15-0 
ZnSO,,CH,;-OH 83-3 83-4 — = 0-5 


Both the first two of the above alcoholates crystallise in plates, 
and the last forms tabular crystals which cleave into plates. Be- 
tween 15° and 55°, cadmium, thorium, manganous, cobalt, and 
nickel sulphates exist in equilibrium with their respective saturated 
solutions as the non-alcoholated salts. In no case was a transition 
point observed; 
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Solubility of sulphates in ethyl alcohol. 
Mag- Man- 
nesium. Zine. Cadmium. ganous. Cobalt. Nickel. 
0-00025  0-00038 — 0-00012  0-00017 0-00017 
— 0-00034 ~— — 0-00018 — 
0-00020 0-00029 0-:00027 0-00014 — 0-00020 
—_— —_— 0-00025 —_ 0-00023 0-00022 
0-00016 0-00020 0-00019 0-00021 0-00026 0-00025 

The solubilities of calcium, strontium, barium, and lead sulphates 
in ethyl aleohol at 25° are less than 0-00009. In the cases of all 
the above sulphates the solid phase in contact with the saturated 
solution is the non-aleoholated normal salt. 

Basic Methyl-alcoholates—For the purpose of examining the 
eflect of exhaustive treatment with the fresh warm solvent, the 
anhydrous sulphates of copper, zinc, thorium and cobalt together 
with absolute methyl alcohol were placed in Soxhlet extractors, 
which were provided with guard tubes to prevent ingress of moisture, 
and kept in action continuously for 100 hours. During the extraction 
the solids were occasionally stirred by hand in order to present 
fresh surfaces to the solvent. No vestige of basic decomposition 
was detected in the thorium and cobalt sulphates, and with zinc 
sulphate the ratio, by weight, of basic to normal sulphate was only 
00019. With copper sulphate, however, basic decomposition was 
complete. : 

Preparation of Sulphate Methyl-alcoholates from the Metals —To 
163 c.c. of concentrated sulphuric acid (d 1-840) were added, slowly 
and with cooling, 230 c.c. of fuming acid (d 1-915), whereby there 
resulted 100% sulphuric acid. One volume of this acid was gradually 
added to 6 volumes of well-cooled absolute methyl alcohol. The 
diluted acid was placed in a flask provided with a Bunsen valve, and 
particles of dried metal were introduced. When excess of metal had 
been added, the solution was kept for 12 hours and was then quickly 
filtered. The filtrate was preserved in a vacuum in the presence of 
phosphoric oxide. The solid which appeared was dried on unglazed 
porcelain, and then immediately analysed. Iron thus treated yields 
ferrous sulphate hemitritamethyl-alcoholate in transparent granular 
crystals, which in the mass possess an olive-green tint(Found: Fe, 
28-1; SO,, 48-6. FeSO,,14CH,°OH requires Fe, 27-9; SO,, 48:1%). 
Magnesium yields the hemiheptamethyl-alcoholate (Found : Mg, 11-3; 
80,, 41-6; CH,-OH, 48-2. MgS0O,,3}CH,-OH requires Mg, 10-5; 
80,, 41:3; CH,-OH, 48-2%), and zine yields the monoalcoholate 
(Found: Zn, 33-3; SO,, 49-6; CH,OH, 16-4. ZnSO,,CH,-OH 
tequires Zn, 33-8; SO,, 49-7%; CH,°OH, 16-5%). 

Tae Tarem LABORATORIES, UNIVERSITY COLLEGE, 

CARDIFF. [Received, May 25th, 1929.] 
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CLXXXV.—Synthetical Experiments on the Aporphine 
Alkaloids. Part VI. isoThebaine. Attempted 
Syntheses of 3:4: 5-Trimethoxyaporphine. 


By Ropert KENNETH CaLLOw, JoHN Masson GULLAND, and 
Rospert Downs Haworts. 


In 1914, Klee (Arch. Pharm., 1914, 252, 211) assigned the consti- 
tution (I) to isothebaine, the phenolic alkaloid which occurs in 
Papaver orientale after the period of blooming and the withering 
of the aerial parts. During the time of vigorous growth and 
flowering, thebaine is the chief alkaloidal constituent, and the amount 
of isothebaine which can then be isolated is extremely small. The 
alternation of thebaine and isothebaine as the chief alkaloid of 
Papaver orientale during the annual cycle renders the latter base 
one of the most interesting members of the aporphine series. 

There can be little doubt that Klee was correct in classifying 
isothebaine as an aporphine alkaloid; its general reactions show 
conclusively that it contains the ring system of apomorphine and 
morphothebaine. On the other hand, the location of the oxygen 
atoms in positions 3, 4, and 5 was based on more slender evidence : 
Klee converted isothebaine methyl ether by exhaustive methyl- 
ation, oxidation of the vinyl group thus produced, and elimination 
of carbon dioxide from the resulting carboxylic acid, into a 
trimethoxyphenanthrene picrate (m. p. 160°) which he considered 
was impure 3:4: 5-trimethoxyphenanthrene picrate (m. p. 166°, 
Vongerichten and Dittmer, Ber., 1906, 39, 1718; m. p. 167°, Pschorr 
and Koch, Annalen, 1912, 391, 40). This conclusion clearly requires 
confirmation. 


Me OUR 
‘ou, 
as ‘NMe MeO _ ut Me °\NH 


a (II.) (III.) 

No later publication on the subject has appeared, possibly on 
account of the difficulty of obtaining a supply of isothebaine, and 
an attempt was therefore made to synthesise 3 : 4 : 5-trimethoxy- 
aporphine (II) by the Bischler—Napieralski method in order to 
compare its properties with those of isothebaine methyl ether. 
The observations of Pictet and Sprengler (Ber., 1911, 44, 2030) 
and of Frankel and Zeimer (Biochem. Z., 1920, 110, 234) show that 
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it 1s possible to convert a $-4-hydroxyphenylethylamine into a 
derivative of tetrahydroisoquinoline, but there is no record of a 
similar transformation in the case of a §-4-methoxyphenylethyl- 
amine, and this research was initiated with some misgiving, since 
it seemed doubtful whether the activation of the nucleus of the 
requisite amide (III) would be sufficient to allow the formation of 
the isoquinoline ring to proceed in the usual manner. 

2'- Nitro-3’ : 4'-dimethoxyphenylaceto - B-4-methoxyphenylethylamide 
(III), prepared from 2-nitro-3 : 4-dimethoxyphenylacetyl chloride 
and §-4-methoxyphenylethylamine (Barger and Walpole, J., 1909, 
95, 1720), could not be induced to form a benzyldihydroisoquinoline 
under any of the conditions which were investigated. No reaction 
took place with phosphorus pentachloride in cold chloroform 
solution, and the action of mixtures of phosphoric oxide with 
phosphorus pentachloride and phosphoryl chloride on the amide 
in boiling toluene or chloroform yielded a substance which was 
isomeric with the desired isoquinoline derivative but was devoid 
of basic properties. The conditions for obtaining this compound 
have been carefully investigated, and it was probably analogous 
to the non-basic compounds which Kay and Pictet (J., 1913, 103, 
947) and Gadamer, Oberlin, and Schoeler (Arch. Pharm., 1925, 263, 
81) obtained from 2’-nitro-3’ : 4’-dimethoxyphenylaceto-8-phenyl- 
ethylamide and 2’-nitrophenylaceto-$-phenylethylamide respect- 
ively as the products of similar reactions, and the consideration of 
its properties leads us to regard it as 2’-nitro-3’ : 4'-dimethoxyphenyl- 
(8-4-methoxyphenylethylamino)acetylene (IV). The prolonged action 
of a considerable excess of phosphoric oxide (compare Spath and 
Hromatka, Ber., 1929, 62, 325) failed to yield any crystalline 
material. 

The conclusion was drawn that the facile closure of the isoquinol- 
ine ring is dependent on the presence of a strongly p-directive group 
in the p-position to that at which condensation is to take place. 
It was hoped, therefore, that the introduction of such a p-directive 
group into the 3-position of the nucleus of $-4-methoxypheny]l- 
ethylamine would enhance the reactivity at the 6-position sufficiently 
to allow ring formation to be brought about. The acylamino-group 
was the most suitable for this purpose, since it was essential that 
the group selected should be capable of being removed at a later 
stage. Experiments were therefore instituted in order to determine 
the most convenient method of introducing an amino-group into 
position 3 of B-4- methoxyphenylethylamine by the nitration and 
reduction either of the amine itself, or of one of the intermestiote 
compounds in its preparation. 

Nitration of 8-4-methoxyphenylethylamine in fuming nitric acid 
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yielded chiefly 8-3 : 5-dinitro-4-methoxyphenylethylamine nitrate, 
together with a smaller quantity of 8-3 : 5-dinitro-4-hydroxypheny). 
ethylamine (Waser and Sommer, Helv. Chim. Acta, 1923, 6, 54). 
The first-mentioned substance exhibited some remarkable properties, 
Although itself pale yellow, it formed a red solution in warm water, 
and the examination of such a solution which had been boiled 
gently for one hour led us to the conclusion that the action of 
water on this nitrate was that of hydrolytic dissociation and 
demethylation. From the cooled solution a mixture of dark red 
nodules (probably impure 8-3: 5-dinitro-4-hydroxyphenylethyl- 
amine) and orange needles separated, and the analytical figures 
obtained for the latter product showed that it had suffered partial 
demethylation. 8-3 : 5-Dinitro-4-methoxyphenylethylamine nitrate 
was decomposed by sodium hydroxide with the production both of 
neutral, sparingly soluble, complex products and of highly coloured, 
explosive sodium salts. These abnormal results may possibly be 
paralleled by the recent investigations of Elbs and Schaaf (J. pr. 
Chem., 1928, 120, 1). They found that the methyl ether of azo. 
picric acid was hydrolysed by boiling water, and that it passed 
from a yellow into a red variety on recrystallisation. This alter. 
ation they ascribed to a conversion into the aci-form, and a similar 
change may account in part for the red colour which is developed 
when 6-3 : 5-dinitro-4-methoxyphenylethylamine nitrate is treated 
with hot water. Further, Elbs and Schaaf observed that caustic 
alkalis converted azopicric acid into tarry products and that the 
action of petassium carbonate under various conditions yielded 
trinitrophloroglucinol and partly reduced derivatives, such as 
dinitrohydroxylaminophloroglucinol; similar complicated reactions 
would seem to interfere with the conversion of 8-3 : 5-dinitro- 
4-methoxyphenylethylamine nitrate into the free base. 

Unsuccessful attempts were then made to prepare a mononitro- 
derivative of §-4-methoxyphenylethylamine. Nitration did not 
take place in cold concentrated nitric acid in presence of urea 
nitrate. Neither the base nor its hydrochloride underwent sub- 
stitution when dissolved in glacial acetic acid containing fuming 
nitric acid and urea nitrate at room temperature, but when the 
temperature of this mixture was raised to about 60° 8-3 : 5-dinitro- 
4-hydroxyphenylethylamine was isolated from the product. The 
nitration of 8-4-methoxyphenylethylamine sulphate in concentrated 
sulphuric acid afforded only §-3-nitro-4-methoxyphenylethylamine- 
5-sulphonic acid, and it was found impossible to remove the sulphony! 
group by hydrolysis. 

The- nitration of 6-4-methoxyphenylpropionic acid, on the other 
hand, readily took place in concentrated nitric acid and yielded 
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3-3-nitro-4-methoxyphenylpropionic acid as the main product, 
together with a small quantity of 8-3 : 5-dinitro-4-hydroxyphenyl- 
propionic acid.* The mono-nitrated acid yielded 8-3-nitro-4-meth- 
oxyphenylpropionamide by the action of ammonia on the acid 
chloride, and this amide was converted by the Hofmann reaction 
into -3-nttro-4-methoxyphenylethylamine, which was reduced to 
3-3-amino-4-methoxyphenylethylamine by means of stannous chloride 
in @ mixture of hydrochloric and acetic acids. 2’-Nitro-3’ : 4’-di- 
methozyphenylaceto-B-3-(2''-nitro-3” : 4'’-dimethoxyphenylacetamido) - 
4-methoxyphenylethylamide (V) was obtained by the interaction of 
this diamine with 2-nitro-3 : 4-dimethoxyphenylacetyl chloride, 
and as it was found impossible to acylate the more basic, aliphatic 
amino-group independently of the aromatic one, this double amide 
(V) was the only available substance for the application of the 
isoquinoline synthesis. 


ot eX HKD, 


No, ‘ No, Git No, © 


20 a MeO ‘yu Me me ‘NH 
‘H,-CO- “HN Be 
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The action of phosphorus pentachloride in cold chloroform solu- 
lded @ tion, or of phosphoric oxide in boiling toluene, on the diamide (V) 
as [ failed to yield any basic material, and converted it into a very weakly 
ions @ basic, tarry product; this formed a picrate from which no pure 
substance could be liberated. Hydrolysis of the crude product by 
boiling concentrated hydrochloric acid yielded basic 2’-nitro-3' : 4’- 
dimethoxyphenyl - (8 - 3 - amino - 4-methoxyphenylethylamino)acetylene 
not ( (Vl), which was purified by conversion into, and regeneration from, 
irea fa the picrate. This base was shown to contain a primary amino- 
ub. (| goup, and was isomeric with the desired 1-(2’-nitro-3’ : 4’-dimeth- 
ing § °Xybenzyl)-6-amino-7-methoxy-3 : 4-dihydroisoquinoline, but the 
the im wsolubility in acids of the benzoyl derivative, and the feeble basicity 
tro. fm O the 2-nitro-3 : 4-dimethoxyphenylacetyl derivative from which 
The fm the base was originally derived by hydrolysis, indicated that the 
ted i *ttempted ring closure had followed the same course as in the case 
‘ne. ff the amide (III), where no steps had been taken to increase the 
nyl * The occurrence of demethylated dinitrated by-products in this case and 
during the nitration of £-4-methoxyphenylethylamine may be compared with 
the results of Thoms and Drauzburg (Ber., 1911, 44, 2125), who obtained 
dinitropropylphenol on nitrating dihydroanethole. 


itro- 
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reactivity of the phenylethylamine nucleus. This behaviour may 
largely be accounted for by the insufficient activating power of the 
2-nitro-3 : 4-dimethoxyphenylacetamido-group, and partly, per. 
haps, by the complexity of the amide. A small amount of a non. 
basic by-product was isolated from the toluene mother-liquors of 
these experiments, but lack of material has prevented us from 
assigning a constitution to this substance. 

Although the experiments here described have thrown no further 
light on the constitution of isothebaine, we hope to solve the problem 
by other methods of attack. 


ExPERIMENTAL. 


6-4-Methoxyphenylethylamine—The following chain of reactions 
was used by Barger and Walpole in the first synthesis of 6-4-meth- 
oxyphenylethylamine, but the methods now employed have differed 
in detail. 

4-Methoxycinnamic acid was obtained (yield, 92°) when anis- 
aldehyde (120 g.), malonic acid (200 g.), and piperidine (7 c.c.) 
were heated in pyridine (320 c.c.) on the water-bath for 14 hours 
and the solution was then boiled for 10 minutes, cooled, and poured 
into an excess of dilute hydrochloric acid. 

§-4-Methoxyphenylpropionic acid was prepared (yield, 85—90°%) 
by reducing the crude cinnamic acid in weakly alkaline, aqueous 
solution by the gradual addition of 12 parts of 4% sodium amalgam 
at a temperature just below the boiling point, and cooling, filtering, 
and acidifying the solution. 

6-4-Methoxyphenylpropionamide was obtained (yield, 67°) when 
@ solution of the acid (125 g.) and thionyl chloride (105 c.c.) in 
chloroform (400 c.c.) was kept for 24 hours at room temperature 
and then warmed gently for 1 hour, cooled, and poured slowly into 
a@ mixture of ammonia solution (d 0-880; 1750 c.c.) and sodium 
hydroxide (71 g.); the chloroform and excess of ammonia were 
removed by distillation, the solution was cooled, and the resulting 
amide crystallised from a mixture of water (1750 c.c.) and ethyl 
alcohol (250 c.c.). 

8-4-Methoxyphenylethylamine was obtained by adding powdered 
8-4-methoxyphenylpropionamide (50 g.) to a solution of sodium 
hypochlorite prepared from 10% sodium hydroxide solution (550 
c.c.) and the calculated amount of chlorine (from hydrochloric acid 
and potassium permanganate, 16°5 g.). When the amide had 
dissolved, the solution was heated at 70—80° for 30 minutes, mixed 
with potassium hydroxide (165 g.), heated for 3 hours at 80°, and 
cooled. The amine was extracted with benzene (400 c.c.), the 
solvent removed, and the amine (b. p. 127—130°/12 mm.; yield, 
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45%) purified by distillation under reduced pressure. The sulphate 
was obtained as colourless leaflets, m. p. above 280°, by dissolving 
the amine in the calculated amount of 20% sulphuric acid and 
cooling the solution. 

2’-Nitro-3' : 4'-dimethoxyphenylaceto - B - 4 -methoxyphenylethylamide 
(III).—2-Nitro-3 : 4-dimethoxyphenylacetyl chloride (from 12 g. 
of the acid), dissolved in dry benzene (30 c.c.), was added to a 
solution of $-4-methoxyphenylethylamine (8 g.) in dry benzene 
(30 c.c.). An excess of 10% sodium hydroxide solution was then 
added, and the solid amide collected. A further amount was 
obtained by separating and evaporating the benzene layer, and 
the total yield was 97%. Recrystallisation from 70% aqueous 
alcohol furnished 2’-nitro-3’ : 4’-dimethoxyphenylaceto-8-4-methoxy- 
phenylethylamide as colourless needles, m. p. 97-5—98-0° (Found : 
C, 61-2; H, 5-9. C,)H,,0,N, requires C, 61-0; H, 5-9%). When 
crystallised from benzene, the amide formed needles, m. p. 76—88°, 
which contained one molecule of benzene of crystallisation (Found : 
loss at 97°, 16-8. Calc., 17-2%). The following reagents failed to 
convert the amide into basic material when allowed to react with 
cold chloroform solutions during periods varying from 4 days to 
1 month: (a) phosphorus pentachloride; (6) phosphoric oxide; 
(c) a mixture of phosphoric oxide and phosphorus pentachloride ; 
(d) anhydrous ferric chloride; (e¢) a mixture of ferric chloride and 
phosphorus pentachloride; (f) a mixture of aluminium chloride 
and phosphorus pentachloride. A 5%, yield of tarry basic sub- 
stance was obtained when phosphoric oxide (6 g.) was added gradu- 
ally to a boiling toluene solution of the amide (1 g.), but all attempts 
to purify this or prepare derivatives were unsuccessful. 

2’. Nitro-3' : 4' - dimethoxyphenyl - (8 -4 - methoxyphenylethylamino) - 
acetylene (IV) was obtained from the amide (III) in very small 
yield by the action of phosphorus pentachloride on a cold chloro- 
form solution, and in rather larger amount by heating a chloro- 
form solution for 1 hour with a mixture of phosphoric oxide and 
phosphorus oxychloride. Better yields were obtained, however, 
when the amide (1 g.), phosphoric oxide (0-5 g.), and phosphorus 
pentachloride (0-5 g.) were heated in boiling benzene or toluene 
for 15—30 minutes. The solution, when decanted from the tarry 
layer, deposited the compound (IV), and further quantities were 
obtained by extracting the residue with hot benzene. After 
recrystallisation of the mixed fractions (0-5 g.) once from benzene 
and several times from ligroin, the acetylene derivative (IV) was 
obtained in pale yellow needles, m. p. 143-5—144°, which were 
devoid of basic properties (Found in different specimens: by 
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macroanalysis, C, 64-5; H, 5-9; N, 7-6: by microanalysis, C, 64:3; 
H, 5-8; N, 7-7. CygHs90;N, requires C, 64-0; H, 5-6; N, 7-99). 

Nitration of §-4-Methoxyphenylethylamine.—(i) In concenirated 
nitric acid. The amine was recovered unchanged after treatment 
with cold concentrated or fuming nitric acid in presence of an excess 
of urea nitrate. 

(ii) In acetic acid. The amine was not attacked by an acetic 
acid solution of fuming nitric acid and urea nitrate until the tem. 
perature of the mixture was raised to 50—75° for 40 minutes; 
then 8-3 : 5-dinitro-4-hydroxyphenylethylamine was isolated and 
identified as the picrate, m. p. 209—209-5° (decomp.) (Waser and 
Sommer, loc. cit.). The nitration of the amine hydrochloride under 
similar conditions yielded very small amounts of solid black 
products. 

(iii) In concentrated sulphuric acid. A mixture of nitric acid 
(4 1-4; 3-5 g.) and concentrated sulphuric acid (12-5 c.c.) was slowly 
added to a mechanically stirred solution of §-4-methoxyphenyl- 
ethylamine sulphate (7-5 g.) in concentrated sulphuric acid (12-5 
c.c.), which was cooled in a freezing mixture. The product was 
poured on ice; the resulting yellow precipitate (9-2 g.) crystallised 
from 60 parts of boiling water as a mixture of brown rectangular 
plates and a small amount of dark brown needles, which were 
separated mechanically. Either separately or mixed, they blackened 
at 293° and melted at 297° (efferv.). When recrystallised from 
dilute sulphuric acid, both varieties yielded §-3-nitro-4-methoxy- 
phenylethylamine-5-sulphonic acid as a golden-brown mixture of 
plates and needles, which were separated mechanically. There 
can be no doubt that the plates and needles are dimorphous forms 
of the acid. Both were insoluble in the usual organic solvents, 
both lost one molecule of water of crystallisation at about 145° 
and became light yellow, and both on further heating darkened 
at about 290° but did not melt at 310° (Found in material dried 
at 135°: C, 39-1; H, 4-5; 8, 11-7. C,H,,0,N,S requires C, 39-1; 
H, 44; S, 11-6. Found: loss at 145°; needles, 6-0; plates, 5:9. 
C,H,,0,N,8,H,O requires loss, 6-1°%). When the sulphonic acid was 
subjected to the action of superheated steam at 190—200°, it began 
to char and a small quantity of oil distilled. 

(iv) In fuming nitric acid. The amine (6 g.) was added very 
gradually to vigorously stirred nitric acid (d 1-5; 30 c.c.) cooled in 
a freezing mixture. After 10 minutes’ stirring, the mixture was 
poured on ice, and the yellowish-buff precipitate (6-0 g.) was col- 
lected and dried on porous tile (m. p. 148° decomp.). This product 
appeared to be decomposed by water, with which it developed a red 
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colour, but after three recrystallisations * from 2N-nitric acid 
3-3 : 5-dinitro-4-methoxyphenylethylamine nitrate was obtained in pale 
yellow microscopic plates, m. p. 161° (decomp.) [Found: C, 35-7; 
H, 41; N, 18-2; OMe, 8-7. C,H,O,N,(OMe),HNO, requires C, 
355; H, 40; N, 18:4; OMe, 10-2%]. 

Several attempts were made to liberate the base from this nitrate 
by means of sodium hydroxide or ammonia. The action of warm 
dilute aqueous sodium hydroxide yielded a red solution (X) and a 
reddish-yellow tar, which soon solidified. This material was only 
partly soluble in dilute nitric acid, concentrated hydrochloric acid, 
or boiling dilute sodium hydroxide solution, and was insoluble in 
methyl or ethyl alcohol. The alkaline solution (X) slowly deposited 
small purple nodules which exploded on heating, and the mother- 
liquor yielded a red precipitate when mixed with alcohol. Both 
these substances were converted by dilute nitric acid into a green 
solid which exploded spontaneously when allowed to dry. The 
action of ammonia on a solution of the nitrate was somewhat 
similar to that just described. 

When a solution of the nitrate (0-5 g.) in water (15 c.c.) was 
boiled under reflux for 1 hour and cooled over-night, a mixture of 
light yellow needles and a small quantity of dark red nodules 
separated, which were collected. The dark red nodules were 
picked out; they melted at 230—-240° (decomp.) and were probably 
impure 6-3 : 5-dinitro-4-hydroxyphenylethylamine. Evaporation 
of the filtrate yielded yellow plates, m. p. 166—167° (decomp.). 
The two yellow crystalline fractions were united and crystallised 
from water containing a trace of nitric acid. Pale yellow plates 
were obtained, m. p. 166—167°, which formed in water a red solu- 
tion becoming yellow on the addition of a little dilute nitric acid 
(Found: N, 19-1; OMe, 6-1. Cale. for CgH,O,N,(OMe),HNO, : 
N, 184; OMe, 10-2: and for C,H,0,N,(OH),HNO,: N, 19-3; 
OMe, 0%]. It is evident that hydrolytic dissociation and demethyl- 
ation have occurred to some extent. A mixture of this product 
with 8-3 : 5-dinitro-4-methoxyphenylethylamine nitrate melted at 
163—164°. 


* Ammonia precipitated from the mother-liquors a bright red, crystalline 
substance which darkened above 220° but did not melt at 300° (Found: C, 
41-4; H, 41; N, 175. Cale. for C,H,0,;N,: C, 42:3; H, 40; N, 185%). 
This appeared to be impure -3 : 6-dinitro-4-hydroxyphenylethylamine 
(Waser and Sommer, loc. cit.). The picrate was prepared by boiling a solution 
in aleoholic picric acid, cooling, collecting the mixture of bright yellow needles 
and red powder, separating the needles mechanically, and crystallising them 
several times from water. They melted at 209—209-5° and appeared to be 
identical with £-3 : 5-dinitro-4-hydroxyphenylethylamine picrate (Found : 
N, — Cale, for C,H,O,N,,C,H,O,N,: N, 18°4%). 

D 
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8-3-Nitro-4-methoxyphenylpropionic Acid.—Dried powdered 6-4. 
methoxyphenylpropionic acid (66 g.) was added slowly to vigorously 
stirred nitric acid (d 1-42; 300 c.c.), the temperature being allowed 
to rise from 10° to 25°. Stirring was continued for 10 minutes 
after the acid had dissolved, and the mixture was then poured on 
ice (600 g.). The product (56-5 g.; m. p. 110—120°), which separ. 
ated as an oil and quickly solidified, was collected and dried, and 
was then sufficiently pure for the preparation of the amide. (See 
below for the examination of the mother-liquor.) The acid was 
purified for analysis by crystallisation from aqueous methyl alcohol, 
precipitation from benzene by ligroin, crystallisation from water, 
and finally from carbon tetrachloride, which yielded £-3-nitro. 

4-methoxyphenylpropionic acid in pale yellow needles, m. p. 128— 
~ 130-5° (Found: N, 6-0. C,)9H,,O;N requires N, 60%). This 
acid was readily soluble in methyl and ethyl alcohols, chloroform, 
and benzene, moderately easily soluble in boiling, and sparingly 
soluble in cold, water, slightly soluble in boiling carbon tetrachloride, 
and insoluble in ligroin. 

8-3 : 5-Dinitro-4-hydroxyphenylpropionic Acid.—The acid filtrate 
from the separation of the crude 8-3-nitro-4-methoxyphenylpropionic 
acid slowly deposited a mixture (16 g.) of a reddish-yellow oil and 
crystals. After repeated crystallisation from dilute acetic acid 
and from 50% aqueous alcohol, fine, light yellow, glistening plates, 
m. p. 133—138°, were obtained. Since the melting point was not 
altered by further crystallisation, the substance was purified by 
conversion into the reddish-yellow barium salt, which was pre- 
cipitated by the addition of barium chloride to a solution in dilute 
aqueous ammonia. This salt, when decomposed by dilute hydro- 
chloric acid, yielded §-3 : 5-dinitro-4-hydroxyphenylpropionic acid, 
m. p. 136—139° after crystallising from water (Found: C, 42:5; 
H, 3:3; N, 11:3. C,H,O,N, requires C, 42-2; H, 3-1; N, 10-99%). 
The solution in sodium hydroxide was red. In hot water the acid 
formed an orange solution which became yellow on the addition of 
a few drops of dilute sulphuric acid. 

8-3-N itro-4-methoxy phenyl propionamide.— 8 -3 - Nitro-4-methoxy- 
phenylpropionic acid (53 g.) and thionyl chloride (70 g.) in chloro- 
form (300 c.c.) were allowed to react at room temperature over- 
night. Next day, the temperature was raised to 40° for 3 hours, 
and the solution was poured into concentrated ammonia (d 0-88; 
900 c.c.) containing sodium hydroxide (25 g.). When the chloro- 
form had been removed by distillation, -3-nitro-4-methoxyphenyl- 
propionamide (35-5 g.), m. p. 123—127°, crystallised from the hot 
solution, and was sufficiently pure for use in the next stage. A 
specimen purified for analysis by crystallisation first from benzene 
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and then from water formed pale yellow, hexagonal plates, m. p. 
126-5—127° (Found: N, 12-2. C,)H,,0,N, requires N, 12-5%). 
A small amount of the unchanged acid was recovered from the 
ammoniacal mother-liquor of the amide by acidification with dilute 
sulphuric acid. 

8-3-Nitro - 4 - methoxyphenylethylamine.—8 - 3- Nitro-4-methoxy- 
phenylpropionamide (37-5 g.) was dissolved in a solution of sodium 
hypochlorite, prepared from sodium hydroxide solution (400 c.c. 
of 2N) and chlorine (from the calculated quantity of potassium 
permanganate, 15 g.). After the solution had been maintained at 
70—80° for 30 minutes, solid potassium hydroxide (100 g.) was 
added, and the heating continued for 2 hours at the same tem- 
perature. When cold, the mixture was extracted with benzene 
(1 1. in five portions), the benzene shaken with dilute hydrochloric 
acid (300 c.c. of 2N), and the acid solution of the amine thus obtained 
evaporated to a paste on the water-bath. The resulting 6-3-nitro- 
4-methozyphenylethylamine hydrochloride (16 g.) was crystallised 
from methyl alcohol (100 c.c.); a specimen for analysis, recrystallised 
from absolute methyl alcohol (2-5 parts), formed yellow needles, 
m. p. 231—232° (Found: N, 11-9. C,,H,,.0,N,,HCl requires N, 
120%). The base was obtained as an oil when sodium hydroxide 
was added to an aqueous solution of the hydrochloride, and treat- 
ment of this suspension with benzoyl chloride yielded the benzoyl 
derivative, which crystallised from alcohol or benzene in yellow 
needles, m. p. 129—130°, which became red when exposed to light 
(Found: C, 63-7; H, 5-1. C,,H,,0,N, requires C, 64-0; H, 5-3%). 

On one occasion in the preparation of the amine on which too 
little alkali had accidentally been employed, a solid product separ- 
ated when the amide was warmed with sodium hypochlorite solu- 
tion, and only a trace of the amine hydrochloride was ultimately 
isolated. This substance was crystallised from methyl and amyl 
alcohols and from acetic acid, and formed grey nodules, m. p. 
197—198° (Found : C, 55-7; H, 5-5; N, 13-1. C9H,.0,N, requires 
C, 55:8; H, 5-1; N, 130%). It thus appeared to have been 
formed by the elimination of one molecule of water from two 
molecules of $-3-nitro-4-methoxyphenylpropionamide, but we have 
come to no conclusion as to its structure. It was unaffected by 
short boiling with concentrated sodium hydroxide solution or 
hydrochloric acid. 

8-3-Amino-4-methoxyphenylethylamine.—Stannous chloride (30 g., 
6 mols.) was added gradually to a boiling solution of §-3-nitro- 
4-methoxyphenylethylamine hydrochloride (15-7 g.) in glacial acetic 
acid (40 ¢.c.) and concentrated hydrochloric acid (40 c.c.). A 
bulky precipitate separated at first, but disappeared as the reduction 
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proceeded. The cooled solution was made alkaline with a large 
excess of sodium hydroxide (100 g.) in water (400 c.c.), and extracted 
with ether. Hydrogen chloride was passed into the dried ethereal 
extract to precipitate 6-3-amino-4-methoryphenylethylamine dihydro. 
chloride (9-4 g.), m. p. 248—251°, which was purified for analysis 
by the addition of ether to an alcoholic solution until crystals 
separated. The dihydrochloride was thus obtained as colourless 
needles, m. p. 253—254° (decomp.) (Found, by titration, Cl, 29-8. 
C,gH,,ON,,2HCI requires Cl, 29-7%). An attempt to prepare a 
monoacylated derivative of this diamine by adding 2-nitro-3 : 4. 
dimethoxyphenylacetyl chloride (1 mol.) to the diamine (1 mol.) 
in benzene solution led to the formation of the diamide (V) and 
8-3-amino-4-methoxyphenylethylamine dihydrochloride. 

2’. Nitro-3' : 4'-dimethoxyphenylaceto-8-3-(2'’- nitro-3" : 4'’- dimeth- 
oxyphenylacetamido)-4-methoxyphenylethylamide (V).—A _ benzene 
solution of 8-3-amino-4-methoxyphenylethylamine (obtained from 
2-4 g. of the dihydrochloride by decomposition with sodium hydr- 
oxide) was added to a cooled solution of 2-nitro-3 : 4-dimethoxy- 
phenylacetyl chloride (prepared from 4°8 g. of the acid) in benzene 
(40 c.c.). After the addition of a slight excess of sodium hydr- 
oxide, the benzene layer was filtered from a small amount of tar 
and evaporated. The gummy residue crystallised when rubbed 
with a little methyl alcohol (yield, 5-7 g.), and when recrystallised 
from the same solvent, the diamide was obtained in colourless 
needles, m. p. 158—159° (Found: N, 9-0. C,.H,,0,,N, requires 
N, 9:1%). This substance was moderately easily soluble in benzene, 
from which it separated in ill-defined crystals. 

2’- Nitro-3’ : 4'-dimethoxyphenyl-(3-amino-4-methoxy-B-phenylethyl - 
amino)acetylene (VI).—(i) A solution prepared by adding the di- 
amide (V) to a solution of phosphorus pentachloride (3 g.) in chloro- 
form (20 g.) which had been freshly distilled over phosphoric oxide 
was preserved in a closed flask for 6 days. It rapidly became 
reddish-brown, but no solid separated: The solution was washed 
exhaustively with water : the washings contained scarcely any basic 
material, since they merely became slightly cloudy when made 
alkaline with ammonia. The chloroform layer was evaporated 
under reduced pressure at room temperature, leaving a non-basic 
brittle red gum (A; see below) (3:6 g.; m. p. 87—100° decomp.), 
which could not be crystallised. The picrate was tarry when pre- 
pared in alcoholic solution, but after recrystallisation from alcohol, 
followed by fractional precipitation from benzene by light petroleum, 
it softened at 92°, melted at 106—115°, and decomposed at 120°. 
Attempts to obtain the base from the picrate were unsuccessful, 
and the crude product (A) was therefore hydrolysed by heating 
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with concentrated hydrochloric acid (10 parts) on the water- 
bath for 2 hours in order to remove the 2-nitro-3 : 4-dimethoxy- 
phenylacetyl group. The dark solution was filtered from tarry 
material and made alkaline with ammonia. The yellow precipitate 
(m. p. 68—88° or 65—75° in different experiments) obtained in a 
yield of 10—20% by weight was very soluble in alcohol and spar- 
ingly soluble in benzene or ligroin, and attempts to crystallise it 
were unsuccessful. The picrate, however, formed yellowish-brown 
needles, m. p. 194—195° (decomp.) (Found: C, 49-7; H, 4-2. 
C,9H2:0;N3,CgH,0,N, requires C, 50-0; H, 4.0%), when prepared 
in alcoholic solution, followed by the addition of water, and 
crystallisation from dilute alcohol. The base (VI) was obtained 
as a brown powder by decomposing the picrate with 2N-sodium 

hydroxide, and after repeated crystallisation from ligroin (b. p. 
100—120°) it formed microscopic yellow needles, m. p. 169-5—170° 
(Found by microanalysis: C, 61-1; H, 5-6; N, 11-2. C,,H,,0O;N, 
requires C, 61-4; H, 5-7; N, 11-39%). It became gummy and 
slowly dissolved in dilute hydrochloric acid, and a deep cherry-red 
colour was developed when this solution was diazotised and added 
to an alkaline solution of ®-naphthol. Treatment of the base with 
benzoyl chloride and sodium hydroxide yielded a benzoyl deriv- 
ative, which crystallised from methyl alcohol in yellow nodules, 
m. p. 206—208°, and was insoluble in dilute hydrochloric acid. 

(ii) Phosphoric oxide (6 g.) was gradually added to a boiling 
solution of the diamide (V) in dry toluene (100 ¢.c.). The oxide 
darkened and became lumped together, but the last few additions 
remained flocculent. The mixture was boiled for 30 minutes, 
cooled, and mixed with concentrated hydrochloric acid (10 c.c.), 
and the solid was freed from toluene by decantation, washed by 
stirring with ether, and heated with a further 30 c.c. of boiling 
concentrated hydrochloric acid for 20 minutes (charcoal). The 
filtrate thus obtained was made alkaline with ammonia, and the 
tarry precipitate dissolved as far as possible in warm dilute hydro- 
chloric acid. This solution, when filtered and made alkaline with 
ammonia, yielded a yellow precipitate of the base (VI) (0-2 g.), 
which was worked up as described above and identified by m. p., 
mixed m. p., and by conversion into the benzoyl derivative. The 
same base (VI) was isolated from a similar experiment in which the 
initial boiling of the toluene solution lasted 14 hours. 

The toluene solution and ether washings from the first experi- 
ment deposited small white nodules mixed with gum when allowed 
to evaporate slowly. The nodules were scraped together, and when 
crystallised from dilute methyl and dilute ethyl alcohols, this 
substance formed soft aggregates of ill-defined crystals, m. p. 168-5— 
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170-5° (Found by microanalysis: C, 54-0, 53-4; H, 5-0, 4-6%). 
These figures do not correspond to those required for the 2-nitro. 
3 : 4-dimethoxyphenylacetyl derivative of the base (VI). 
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CLXXXVI.—The Constitution of Linolic Acid. 


By Rosrert Downs Haworts. 


THE structures of the polyethylenic acids, which occur abundantly 
in the fats, are still very uncertain. In most cases, oxidation with 
potassium permanganate or ozone has been employed in structural 
determinations and the assumption has been made that oxidation 
occurs at the double bond. This assumption is justified when the 
esters of the ethylenic acids are oxidised with ozone, or with 
potassium permanganate in acetone solution (Armstrong and 


Hilditch, J. Soc. Chem. Ind., 1925, 44, 437, 1807), but the work of 
Lapworth and Mottram (J., 1925, 127, 1628, 1987) on the dihydroxy- 
stearic acid obtained from oleic acid shows that, in cold dilute 
alkaline solution, potassium permanganate attacks the molecule 
between the secondary alcoholic group and the adjacent methylene 
group, and in view of this much of the earlier work requires verific- 
ation before the suggested structures for the polyethylenic acids 
can be accepted. 

It would appear from the literature that at least two linolic 
acids are known. One of these, isolated from poppy-seed oil, is 
converted into sativic acid (tetrahydroxystearic acid) by the action 
of potassium permanganate in dilute alkaline solution. Goldsobel 
(J. Russ. Phys. Soc., 1906, 38, 904) obtained a mixture of n-hexoic, 
oxalic and azelaic acids by oxidising sativic acid with potassium 
permanganate in alkaline solution, and concluded that linolic acid 
was octadeca-A® ‘19, 12:13_dienoic acid (I). Goldsobel assumed that 
the oxalic acid was produced by oxidation of malonic acid, and 
later (ibid., 1910, 42, 55) he showed that the optical constants for 
linolic acid were in better agreement with formula (I) than with a 
structure containing conjugated double bonds. This structure has 
been confirmed by Reinger (Ber. deut. Pharm. Ges., 1928, 32, 124) 
by a method based on the progressive dehydration of sativic acid. 
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Takahashi (J. Tokyo Chem. Soc., 1919, 40, 233; J. Chem. Soc. 
Japan, 1921, 42, 130) claims to have isolated a second linolic: acid 
from soya-bean and rice-bran oils. This yielded tetrabromo- and 
tetrahydroxy-stearic acids which were identical in melting point 
with the corresponding derivatives of linolic acid obtained from 
poppy-seed oil. However, oxidation of this second linolic acid by 
means of 4% potassium permanganate or ozone afforded n-butyric, 
glutaric, and azelaic acids or the corresponding aldehydes, and 
Takahashi concluded that linolic acid was octadeca-A®:10 14:15 
dienoie acid (II). 
CH,*[CH,],-CH:CH-CH,°CH:CH-[CH,],-CO,H (1) 
CH,*[CH,],*CH:CH-[CH,],-CH:CH-[CH,],"CO,H (1-) 

The structures of the linolic acids derived from poppy-seed and 
from soya-bean oil have been reinvestigated. The acids were 
obtained from the oils by hydrolysis with methyl-alcoholic potassium 
hydroxide and purified by conversion into the tetrabromostearic 
acids (Rollett, Z. physiol. Chem., 1909, 62, 410). The tetrabromo- 
acid obtained from poppy-seed oil was identical with that obtained 
from soya-bean oil, and the identity of the two specimens was 
confirmed by comparing the methyl esters of the tetrabromo-acids. 
The methyl linolates, obtained by reducing the tetrabromostearic 
acids by Rollett’s method (loc. cit.), were identical in boiling point, 
and n-hexoic, azelaic, and oxalic acids were isolated, in yields 
approximating to 80% of those calculated from structure (I), after 
the ester derived from either poppy-seed or soya-bean oil had been 
oxidised with potassium permanganate in cold acetone solution. 
In a few experiments, the presence of malonic acid was detected 
by the isolation of hydrogen formazyl (von Pechmann, Ber., 1892, 
25,3175). The majority of the malonic acid, however, was converted 
into oxalic acid, and a control experiment showed that malonic 
acid was slowly oxidised to oxalic acid under the conditions employed 
in the oxidation of methyl linolate. These oxidation experiments 
indicate that linolic acid obtained from poppy-seed or soya-bean oil 
has the formula (I), and this has been confirmed by oxidation with 
potassium permanganate in dilute alkaline solution. The method 
which Lapworth and Mottram (loc. cit., p. 1628) employed in the 
conversion of oleic acid into dihydroxystearic acid applies equally 
weli to the preparation of sativic acid from linolic acid, and the 
sativic acid, prepared from poppy-seed oil, showed no depression 
in melting point when mixed with a specimen obtained from soya- 
bean oil. The sativic acid was oxidised with ice-cold potassium 
permanganate in alkaline solution and a mixture, consisting mainly 
of suberic, n-valeric, and oxalic acids, together with smaller quan- 
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tities of azelaic and n-hexoic acids, was isolated. When the oxid. 
ation was carried out in hot alkaline solution, the products isolated 
were n-hexoic and azelaic acids and a smaller quantity of suberic 
acid, and the presence of n-valeric acid was indicated by the low 
equivalent of the volatile acids. These observations are in agree. 
ment with those of Lapworth and Mottram (loc. cit., p. 1987) on 
the oxidation of dihydroxystearic acid. 

Doubts have been cast on the homogeneity of the linolic acid 
obtained by Rollett’s method, mainly on account of the numerous 
tetrabromo- and tetrahydroxy-addition products which can be pre. 
pared (see Lewkowitsch, “Chemical Technology and Analysis of 
Oils, Fats and Waxes,” 6th ed., 1921, vol. I, p. 237; Bedford, 
Dissertation, Halle, 1908; Rollett, loc. cit.; Takahashi, loc. cit.; 
Nicolet, J. Amer. Chem. Soc., 1922, 44, 144; Smith and West, 
Philippine J. Sci., 1927, 32, 297). These derivatives can be explained 
on stereochemical grounds, and the yields of oxidation products 
isolated in this work would suggest that linolic acid is almost entirely 
composed of octadeca-A® :™, 12:13_dienoic acid, although the presence 
of geometrical isomerides is not excluded. 


EXPERIMENTAL. 
Poppy-seed or soya-bean oil (200 c.c.) was hydrolysed by boiling 


with 10% methyl-alcoholic potassium hydroxide (800 c.c.) for 2 
hours, and the acids, liberated by the addition of 10% sulphuric 
acid, were extracted with light petroleum (b. p. 60—80°), washed 
with water, and dried with anhydrous sodium sulphate. The crude 
acids were converted by Rollett’s method (loc. cit.) into 9 : 10 : 12: 13- 
tetrabromostearic acid, which was obtained pure, m. p. 113—114°, 
after two recrystallisations from light petroleum (b. p. 60—80°) 
(Found: Br, 53-0. Cale.: Br, 53-3%). No depression in m. p. 
was observed when the bromo-acids obtained from the two different 
sources were mixed. The yields of pure tetrabromo-acid from 
200 c.c. of oil were * (a) 100 g., (6) 60 g. Methyl 9:10: 12: 13- 
tetrabromostearate (compare Santos and West, Philippine J. Sci., 
1927, 34, 199) was prepared by refluxing the tetrabromo-acid with 
methyl alcohol containing a little hydrogen bromide for 1 hour. 
The ester, from both sources, crystallised from methyl alcohol in 
colourless plates, m. p. 56°, and no depression in m. p. was observed 
with a mixture of the two specimens [Found : Br, (a) 52-0, (b) 52-2. 
Cale. : Br, 52-1%]}. Methyl linolate, b. p. 168—170°/1 mm. (iodine 
number, 170. Calc., 172), was obtained by reducing the tetra- 
bromostearic acid by Rollett’s method. 

* The figures recorded after (a) and (6) refer to material obtained from 
poppy-seed and soya-bean oil, respectively. 
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Oxidation of Methyl Linolate with Potassium Permanganate in 
Acetone Solution.—A suspension of sodium bicarbonate (2 g.) in a 
solution of methyl linolate (10 g.) in acetone (150 c.c.) was stirred 
at — 5° to 0° during the gradual addition of finely powdered potass- 
ium permanganate (40—45 g.) until a permanent pink coloration 
was produced. The acetone was removed by distillation, and the 
residue extracted several times with hot dilute sodium hydroxide 
solution. The combined alkaline extracts were concentrated to 
about 150 c.c., acidified with concentrated hydrochloric acid, and 
extracted with ether. 

Isolation of oxalic acid and detection of malonic acid. The aqueous 
layer from the ether extraction described above was made alkaline 
with ammonia and boiled, a solution of calcium chloride added, 
and the calcium oxalate * collected, washed with hot dilute acetic 
acid and estimated by titration with potassium permanganate 
[Found : (a) 1-7 g., (6) 2-0 g. Cale., 3-1 g.]. Ina few experiments, 
malonic acid was detected as follows: the filtrate, after removal 
of the calcium oxalate, was acidified with dilute hydrochloric acid, 
cooled to 0°, and mixed with a well-cooled solution of benzene- 
diazonium chloride (from 2 g. of aniline), and excess potassium 
acetate added. After 24 hours, the red solid (0-2 g.) was collected, 
washed with water, dried, and crystallised twice from benzene~light 
petroleum (b. p. 40—60°); red needles, m. p. 118°, which gave no 
depression in m. p. with an authentic specimen of hydrogen formazyl, 
were obtained. 

Isolation of azelaic acid. The dried ethereal extract was evapor- 
ated, and the residue distilled in steam for 2 hours. The hot non- 
volatile residue was treated with charcoal, filtered from a little tar, 
and cooled, and azelaic acid collected. A small impure crop, m. p. 
98—101°, obtained by concentrating the mother-liquors, was 
recrystallised from water. The total yield of azelaic acid, m. p. 
104—105°, was (a) 5-2 g., (b) 5-0 g. (calc., 6-4 g.) (Found: equiv., 
M41. Calc., 94:0). No suberic acid was isolated, but a very small 
amount of oxalic acid (less than 0-1 g.) was precipitated as calcium 
salt from the final mother-liquors. 

Isolation of n-hexoic acid. The volatile distillate was extracted 
three times with light petroleum (b. p. 40—60°), the extract dried 
with anhydrous sodium sulphate, the solvent removed through a 
short fractionating column, and the residue distilled. It boiled 
steadily at 202—205°; the yield of n-hexoic acid was (a) 2-9 ¢g., 
(b) 3-1 g. (calc., 3-9 g.) (Found: equiv., 117. Cale., 116). The 
aid was exactly neutralised with sodium hydroxide, the sodium 

* In some cases the oxalic acid was isolated by decomposing the calcium 
salt “_ + sulphuric acid. 

D 
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salt dissolved in a little water, and the calculated amount of zinc 
sulphate erystals added. The mixture was evaporated to dryness 
and extracted with boiling absolute alcohol. Zine hexoate crystal. 
lised from alcohol in colourless plates, m. p. 142° (Found in salt 
dried at 100°: C, 48-5; H, 7-6. C,.H,.0,Zn requires C, 48-7; 
H, 7-4%) and was identical with the zinc salt prepared from an 
authentic specimen of n-hexoic acid. n-Hexoyl chloride was pre. 
pared by refluxing the acid with an excess of thionyl chloride for 
2 hours and distilling the mixture. The chloride, b. p. 153— 
156°, was poured into a well-cooled solution of concentrated 
ammonia and the amide was collected and crystallised from 
aqueous alcohol, giving colourless prisms which melted, either 
alone or when mixed with an authentic specimen of n-hexoamide, 
at 99°. 

A similar oxidation of methyl linolate (10 g.) in boiling acetone 
solution afforded oxalic acid (a) 0-08 g., (b) 0-05 g., azelaic acid 
(a) 5-0 g., (6) 5-3 g., and n-hexoic acid (a) 2-7 g., (b) 2-7 g. 

Sativic acid was prepared very conveniently by the following 
method. Methyl linolate (10 g.) was hydrolysed by the action of 
5% methyl-alcoholic potassium hydroxide (140 c.c.) for 12 hours 
at the ordinary temperature. The mixture was diluted with water, 
acidified with dilute sulphuric acid, and extracted with light petrol- 
eum (b. p. 40—60°); the extract was washed with water and dried, 
and the solvent removed. The residual linolic acid was dissolved 
in 1% potassium hydroxide solution (1000 c.c.), mixed with an 
equal volume of ice-cold water, and 1% potassium permanganate 
solution (800 c.c.) rapidly added. After being shaken for 5 minutes, 
the mixture was decolorised with sulphur dioxide, concentrated 
hydrochloric acid (150 c.c.) added, and the sativic acid collected 
and washed with a little ether. The dried residue (11-5 g.), m. p. 
145—165°, crystallised from 30% acetic acid in small needles 
(10-4 g.), m. p. 171—172°. The sativic acid prepared from poppy- 
seed oil was identical with that prepared from soya-bean oil and no 
depression in mixed m. p. was observed. 

Oxidation of Sativic Acid with Potassium Permanganate in Cold 
Alkaline Solution.—Sativic acid (10 g.), dissolved in 1% potassium 
hydroxide solution (1000 c.c.), was mixed with ice-cold water 
(2000 c.c.), and 2% potassium permanganate solution (2000 c.c.) 
rapidly added with shaking. After 4 hours, the mixture was heated 
to 80° and the manganese dioxide was collected and thoroughly 
washed with hot dilute sodium hydroxide solution. The combined 
washings and filtrate were concentrated to 500 c.c., acidified with 
concentrated hydrochloric acid, and extracted with ether, and the 
oxidation products were separated as described on p. 1459. The 
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calcium oxalate was estimated and the yield of oxalic acid was 
(a) 3-2 g., (6) 3-0 g. 

Isolation of suberic and azelaic acids. The non-volatile dibasic 
acids from the ether extract deposited azelaic acid, (a) 0-6 g., 
(6) 0-9 g., on cooling, and concentration of the mother-liquors 
afforded crude suberic acid, m. p. 115—125°, which recrystallised 
from ether in needles, (a) 5-0 g., (b) 4:7 g., m. p. 136—138° (Found : 
equiv., 86-4. Calc., 87-0). 

Isolation of n-valeric and n-hexoic acids. The volatile acids were 
extracted with light petroleum (b. p. 40—60°) and dried; the 
residue distilled completely between 180° and 198°. The yield was 
(a) 3-0 g., (6) 3-2 g. and the equivalent found was 107, the high 
value being due to the presence of n-hexoic acid. A larger quantity 
(15 g.) of mixed volatile acids was collected and fractionated 
systematically and two fairly pure fractions were isolated. The 
first (8-0 g.), b. p. 180—184°, had an equivalent of 103 (Calc. for 
n-valeric acid, 102). The acid was converted into the amide, m. p. 
102—104°, by the method described on p. 1460, and the amide was 
identified as n-valeramide by comparison with a specimen of the 
latter prepared from an authentic specimen of n-valeric acid. A 
second fraction (1-5 g.), b. p. 198—202°, was collected and converted 
into zine salt, m. p. 142°. The acid liberated from the zinc salt by 
treatment with dilute sulphuric acid had b. p. 203—205° and 
equivalent 115-5; it was converted into the amide, m. p. 99°, 
which was identical with n-hexoamide. 

Oxidation of Sativic Acid with Potassium Permanganate in Hot 
Alkaline Solution—A 4% solution of potassium permanganate 
(1000 c.c.) was gradually added to a hot solution of sativic acid 
(10 g.) in 1% potassium hydroxide solution (300 c.c.), and the 
heating on the water-bath continued until the green colour was 
destroyed. The mixture was treated as described in the previous 
experiment and no oxalic was isolated. The volatile acids, (a) 2-7 g., 
(6) 2-9 g., b. p. 197—202°, composed mainly of n-hexoic acid, had 
an equivalent of 112. The low value is probably due to traces of 
n-valeric acid, but it has not been possible to isolate this acid. 
The non-volatile acids afforded (a) 3-8 g., (b) 4-0 g. of azelaic acid, 
m. p. 103—105° (Found : equiv., 93-5), and suberic acid, (a) 0-6 g., 
(6) 0-9 g., m. p. 185—137° (Found : equiv.,; 87-4). 

University oF DuRHAM, ARMSTRONG COLLEGE, 

NEWCASTLE-ON-TYNE. [Received, June 5th, 1929.] 
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CLXXXVII.—The Isomeric Trithioacetaldehydes. 


By Ernest VERE BELL, GEORGE MACDONALD BENNETT, and 


FREDERICK GEORGE MANN. 

In addition to the two trithioacetaldehydes McHO<S CH Mess 
which have long been known and melt at 101° and 126°, respectively, 
a third form was described by Mann and Pope (J., 1923, 123, 1178) 
melting at 80—81° and apparently identical with the y-isomeride 
obtained previously by Marckwald (Ber., 1886, 19, 1826) and by 
Poleck and Thiimmel (Ber., 1889, 22, 2871). This third (or y-) 
form was considered to be a definite chemical individual, chiefly 
because it could be prepared by a variety of methods and had 
always the same sharp melting point, which it retained even when 
recrystallised repeatedly from various solvents or when sublimed. 
In view of the comments of Fromm and Engler (Ber., 1925, 58, 
1916), and of the fact that stereochemical theory requires the 
existence of only two isomerides, we have re-examined the substance 
of m. p. 80—81° and find that it is in fact a mixture of the «- and 
the f-isomeride containing 40%, of the latter. This proportion is 
different from that stated: by Fromm and Engler and is identical 
with that of the eutectic mixture of the two compounds. 

As the isomerides are readily interconvertible in the presence of 
catalysts, we regard physical evidence as the best proof of identity. 
The melting point of phenol already saturated with the “y”- 
substance is no further depressed by the addition of the «- and 
the 6-compound successively, so the supposed third isomeride must 
be a mixture of the other two. This is confirmed by direct micro- 
scopic examination. The melting points of series of mixtures of 
the “‘ y-”’ with the «- and the §-isomeride are all consistent with 
the former being a mixture of the composition stated. 

The peculiar circumstances which cause this mixture to simulate 
so closely the behaviour of a single substance deserve special con- 
sideration, for such a case may well occur again with a pair of 
isomeric or closely related compounds. The «- and the §-trithio- 
acetaldehyde differ only slightly in their solubilities in eight solvents 
examined by Suyver (Rec. trav. chim., 1905, 24, 377). Consequently, 
as the joint solubility curve of two substances in a solvent is closely 
related to the melting-point curve of their mixtures, it is intelligible, 
although at first sight surprising, that the proportion of these two 
stereoisomerides dissolved at the invariant point should be the 
same as that in their eutectic mixture. This accounts for the 
constancy and sharpness of melting point of the “ y ”-product. 
As this mixture was frequently recrystallised from several solvents 
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without change in composition, the position of the invariant point 
on the solubility curve must be practically independent of the 
individual solvent and of the temperature (over the range involved). 
The fact that such a mixture may also be sublimed without change 
of composition has been confirmed. 

The isolation of this same mixture from a variety of reactions is 
no doubt due to the production by rapid reactions of the «- and 
the $-trithioacetaldehyde in approximately equal proportions (as is 
to be expected from considerations of probability), so that the 
solvent used for recrystallisation became saturated with both solids 
at the same time and the usual invariant mixture was isolated. 
Specimens of diethylidene trisulphide and «a«’-diethoxydiethyl 
sulphide (J., 1923, 123, 1172) kept sealed in the Cambridge labor- 
atories for 6 years have slowly decomposed with production of 
trithioacetaldehydes. The former deposited needles of the B- 
isomeride only, the latter crystals of both the «- and the 6-isomeride 
side by side. This difference may be explained by the presence in 
the diethylidene trisulphide of sub-analytical traces of a catalyst 
such as hydrogen chloride or a chlorosulphide which is absent (as 
would be expected from its mode of preparation) from the diethoxy- 
diethyl sulphide. The equilibrium mixture in solution obtained 
by Suyver in presence of such catalysts as acids or alkyl halides 
contained about 90% of the 8-isomeride. 

A crystallographic examination shows that the «-trithioacet- 
aldehyde crystallises in the monoclinic system, and the $-isomeride 


is orthorhombic. 
EXPERIMENTAL, 


Cryoscopic Observations with Phenol as Solvent.—The following 
values of depression of the freezing point of phenol were observed 
with a thermometer graduated in 0-1° :— 

Ai for phenol saturated with “y ”-compound, 22:24°: after the 
further addition of 0-5 g. of @-isomeride, At 22-27°, and after the 
addition also of 0-5 g. of a-isomeride, At 22°34°, whereas a final 
addition of 0:5 g. of another solute (dithian) increased the depression 
to At 25-54°, 

In the same way it was found that the addition of “ y ”-substance 
to phenol already saturated with pure a- and 8-isomerides caused 
no further depression of the freezing point. No interconversion of 
the isomerides could have been involved, since each of the three 
substances was separately kept in solution in phenol for 18 hours 
and recovered unchanged. 

Melting Points of Mixtures of «-, B-, and “ y”’-T'rithioacetaldehydes. 
—The ourve for mixtures of the «- and the §-isomeride was examined 
by Suyver, who observed the temperatures of initial solidification 
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of mixtures. In order to economise material and to obtain com. 
parable results the melting points of these «—-§ mixtures and also 
those of the ‘‘y”’’-isomeride with the «- and the §-isomeride 
respectively were determined in capillary tubes heated in a mechanic. 
ally stirred bath. The figures for the «§ mixtures were : 
Weight %ofa- 100 80 70 6 60 55 50 40 20 9 
M. p. 101° 92° 86° 83° 80° 85-5° 91-5° 102° 116° 126° 

These values give a curve similar to Suyver’s with a simple 
eutectic at 60% of «-isomeride, but the melting points are up to 4° 
higher than those of Suyver. This must be due to the method of 
observation, for the thermometer was standardised and moreover 
a cooling curve of the eutectic mixture showed a single arrest at 76° 
(in agreement with Suyver) whereas the m. p. was consistently 
found to be 80°. 

The figures for a—“ y ’’ mixtures were : 


Weight % of a- ...... 100 = 79 61 385 21 53 0 
eee Sepa 101° 97° «698° 8824s sé" 
(101° 97-5° 94° 89° 845° 81° 80° 


and for the 8—“ y” mixtures : 
100 775 = 63 41 20 4-6 16 0 
126° 119-5° 114° 105°. 92" 84° API 
(126° 119-5° 114-5° 105° 94° 84° 81° 80°) 

In each case the figures in parentheses are the melting points to 
be anticipated (from the «-8 figures) on the assumption that the 
“y ”-substance has the eutectic composition of 60% of «-isomeride. 
This was also confirmed by the fact that no depression of melting 
point of the “ y ”-substance was produced by adding 1% of either 
isomeride to it. 

Direct Examination of the Trithioacetaldehydes.—The «-isomeride 
crystallises in the monoclinic system with a : b : c = 0-6907 : 1 : 0-8009 
and axial angle 8 = 114° 44’. Crystals from acetone or ethyl 
alcohol were of tabular habit developed on 6(010) and bounded by 
m(110) and 9(011) with c(001) occasionally present. The following 
mean angular values were obtained by measurement of three selected 


b (010). m (110). c (001). q (001). 
0° 0 *57° 54’ 90° *29° 54’ 
90° 0’ 90° 0’ *24° 44’ *42° 44’ 
Oblique extinctions were observed on the faces 6 and m, but the 
position of the optic axes was not detected. 
The §-isomeride crystallises from various solvents in prismatic 
needles which rarely show any satisfactory terminal faces. Con- 
sequently one axial ratio remains uncertain. The substance is 
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orthorhombic with a: 6:c = 0-9217:1:%. Crystals from acetone 
had a(100), 6(010), and m(110) equally developed and elongated 
along the c axis. The form (120) and the terminal face c(001) 
were present occasionally. The following mean angles were found : 
a (100). m (110). n (120). b (010). e (001). 
0° 0 *42° 40’ 62° 38’ 90° 0’ All values 
0’ 90° 0’ 90° «0 90° 0’ o° » 
A straight extinction is visible on a. The position of the optic 
axes could not be found. 

The “y ”-substance may, like the «- and 8-forms, be crystallised 
from a variety of solvents without change of melting point. Slow 
crystallisation of acetone solutions, however, yielded sufficiently 
well-formed crystals for the selection of some which were identified 
as the «-isomeride (m. p. 101°). From a crop of crystals deposited 
slowly from benzene, on the other hand, needles could be separated 
which consisted of the nearly pure $-isomeride (m. p. 123°, not 
depressed by addition of pure @-form). When the “ y ”-material 
was crystallised from ethyl alcohol on a microscope slide it was 
easy to distinguish blunt-ended needles with a straight extinction 
(8-isomeride) and opaque compact rhomb-shaped crystals («-isomer- 
ide): each was present in quantity. 

THe UNIvEeRsITy oF SHEFFIELD. THE UNIVERSITY OF CAMBRIDGE. 

[Received, May 29th, 1929.} 





CLXXXVIII.—2 : 4-Dinitrobenzaldehyde as a Reagent. 


By GrorcEe Macponatp BENNETT and WALTER LAWRENCE 
C. Pratt. 


THE use of 2 : 4-dinitrobenzaldehyde as a reagent for the character- 
isation of amines has been studied repeatedly (for example, by Lowy 
and his co-workers, J. Amer. Chem. Soc., 1920, 42, 849; 1921, 43, 
346; 1923, 45, 1060). The exceptional ease with which this 
aldehyde condenses with the reactive methy! groups of heterocyclic 
bases was recently pointed out (Bennett and Willis, J., 1928, 1962). 
In the iatter respect the dinitro- is more useful than the trinitro- 
benzaldehyde, which reacts more slowly, presumably owing to steric 
hindrance. We have therefore made further application of the 
dinitro-aldehyde in the two directions mentioned, and we describe 
below its condensation products with several new amines and 
heterocyclic bases, 

The reagent differentiates sharply between the reactivities of the 
two methyl groups of 2 : 4-dimethylquinoline, since condensation in 
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position 2 is rapidly completed, whereas prolonged boiling is necessary 

to effect the second stage of the reaction involving the 4-methy| 
up. 

Othe dinitro-aldehyde also condensed with p-nitrophenylaceto. 

nitrile, but no reaction could be detected with dibenzyl sulphoxide or 

dibenzylsulphone. 

An improvement in the method of preparation of the aldehyde is 
described. 

EXPERIMENTAL. 

Preparation of 2 : 4-Dinitrobenzaldehyde.—tIn the first stage of the 
preparation from 2 : 4-dinitrotoluene (Sachs and Kempf, Ber., 1902, 
35, 1224) the sodium carbonate, which appears to function merely by 
removing traces of acid, may be much reduced in quantity. Di- 
nitrotoluene (300 g.), p-nitrosodimethylaniline (265 g.), and sodium 
carbonate (30 g.) were condensed in boiling alcohol (1-5 1.) for 5 hours 
(yield of dinitrobenzylidene-p-aminodimethylaniline, m. p. 193°, 
76%). The hydrolysis of this condensation product was simplified as 
follows : the crude washed material (100 g.) was covered with hydro- 
chloric acid (125 c.c. of concentrated acid and 125 c,c, of water), and 
the mixture boiled, steam being introduced to ensure vigorous 
agitation. After 3—5 minutes at the boiling point the whole was 
cooled, the aqueous liquor removed, and the solid remelted as 
before under a fresh portion of the same acid. The solid product 
was finally washed with water and dried. This crude dinitrobenz- 
aldehyde is best purified by crystallisation from light petroleum 
(b. p. 90—110°), the solvent being saturated at a temperature a little 
below the boiling point (yield of pale brown needles, m. p. 71°, 74%; 
Sachs and Kempf claim 88% of the crude product). One further 
crystallisation raises the m. p. to 72°. 

Condensation of Dinitrobenzaldehyde with Aromatic Amines.—The 
amine and the aldehyde (in slight excess) were mixed in hot alcoholic 
solution with the addition of a few drops of acetic acid. The 
products were usually analytically pure.after one recrystallisation. 
Dinitrobenzylidene-m-chloroaniline separates from butyl alcohol in 
small orange pyramids, m. p. 137° (Found: N, 14-0. C,,H,0,N,CI 
requires N, 13-75%). The corresponding derivatives of o-chloro- 
and p-chloro-aniline, prepared for comparison, melted at 164-5° and 
158° respectively (Found : N, 13-7 and 13:8%). Downey and Lowy 
give these m. p,’s as 167-5° and 161-5° respectively. Dinitro- 
benzylidene-3 : 5-dibromoaniline crystallises from butyl aleohol in 
copper-red plates, m. p. 181° (Found: N, 10-1. ©,,H,O,N,Br, 
requires N, 9-8%). Dinitrobenzylidene-p-iodoaniline forms felted 
yellow needles, m. p. 163°, from amyl aleohol (Found: N, 10-5. 
C,;H,0,N,I requires N, 106%). Dinitrobenzylidene-p-aminophenol 
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separates from ethyl alcohol in minute yellow polyhedra, m. p. 158° 
(Found: N, 14-5. C,,H,O;N, requires N, 14-6%). Dinitrobenzyl- 
idene-p-aminoacetanilide was obtained from ethyl alcohol in yellow 
monoclinic crystals, m. p. 199° (Found: N, 16-8. C,;H,,0;N, 
requires N, 17:1%).  Bisdinitrobenzylidene-o-phenylenediamine 
crystallises from aqueous alcohol in red-brown plates, m. p. 158° 
(Found: N, 18-2. C,,H,,.O,N, requires N, 18-1%). Bisdinitro- 
henzylidene-3 : 4-tolylenediamine crystallises from light petroleum 
in minute brown crystal aggregates, m. p. 153-5° (Found : N, 17-7. 
CyH,gOgN, requires N, 17:6%). Bisdinitrobenzylidene-4 : 4’-di- 
aminodiphenylamine crystallises from nitrobenzene in purple 
pyramids with a green reflex, m. p. 263° (decomp.) (Found : N, 17-6. 
(,gH,70,N, requires N, 17:7%). Dinitrobenzylidene-6-amino- 
quinoline forms pale yellow needles, m. p. 206°, from butyl alcohol 
(Found ; N, 17-7. C,gH,,0,N, requires N, 17-3%). 

Condensation of Dinitrobenzaldehyde with Substances having a 
Reactive Methyl or Methylene Growp.—The reactions in general 
proceed rapidly in boiling acetic anhydride, the products crystallising 
from the reaction mixture. 

From «-picoline «-dinitrostyrylpyridine was obtained which 
separated from butyl alcohol in yellow plates, m. p. 159° (Found : N, 
15-6. Cy3H,O,N, requires N, 15-5%). 2:6-Dimethylquinoline yielded 
2-dinitrostyryl-6-methylquinoline crystallising from butyl alcohol in 
minute yellow needles, m. p. 213° (Found: N, 12-6. C,,H,,0,N, 
requires N, 12:5%). The product from 2 ; 4-dimethylquinoline after 
0'5—1 hour was 2-dinitrostyryl-4-methylquinoline, which formed 
spherical aggregates of yellow crystals, m. p. 163-5°, from butyl 
alcohol, being moderately easily soluble in hot butyl alcohol and 
readily soluble in boiling xylene but sparingly soluble in the cold 
solvents (Found: N, 12-5%). When this monostyryl base or the 
original dimethylquinoline were heated in boiling acetic anhydride 
with an excess of dinitrobenzaldehyde for 6—8 hours, tetranitro- 
2: 4-distyrylquinoline was produced. It was freed from the mono- 
styryl compound by extraction with hot xylene and was obtained 
after crystallisation successively from cyclohexanol and nitrobenzene 
as a deep yellow, microcrystalline powder, m. p. 270° (decomp.) 
(Found: N, 13-8. C,;H,,0,N, requires N, 136%). The di- and 
iti-chloro-derivatives of 2:4-dimethylquinoline reacted equally 
rapidly to yield 5: 8-dichloro-2-dinitrostyryl-4-methylquinoline, 
crystallising from toluene in orange needles, m. p. 198-5° (Found : 
N, 109. C,,H,,0,N,Cl, requires N, 10-4%), and 5 : 6 : 8-trichloro- 
).dinitrostyryl-4-methylquinoline, which separated from butyl alcohol 
in bright yellow needles, m. p. 225-5° (Found: N, 9-7. C,,H,,0,N;Cl, 
requires N,9-6%). 2:4: 6-Trimethylquinoline condensed rapidly to 
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give 2-dinitrostyryl-4 : 6-dimethylquinoline, which after crystallisation 
from butyl alcohol formed a microcrystalline yellow powder, m. p. 
195° (Found : N, 12-4. C, gH,;0,N, requires N, 12-0%). 2-Methyl. 
benziminazole also reacted rapidly to yield 2-dinitrostyrylbenzimin. 
azole, which crystallised from ethyl alcohol in minute orange-yellow 
needles, m. p. 215° (Found: N, 17-6. C,;H,,O,N, requires N, 
18-1%). 

p-Nitrophenylacetonitrile was converted under similar conditions 
into 2:4: 4'-trinitro-a-cyanostilbene, which crystallised from buty! 
alcohol in aggregates of pale brown plates, m. p. 149° (Found: 
N, 16-3. C,,H,O,N, requires N, 165%). 


We are indebted to Dr. E. E. Turner for the gift of some specimens 
of quinoline bases. 
THE UNIVERSITY, Tue SeconpDarRy ScHOOL, 


SHEFFIELD. WATH-ON-DEARNE. 
[ Received, June 10th, 1929.] 





CLXXXIX.—Synthetical Experiments in the isoF lavone 
Group. Part V. A New General Method applic 
able to the Synthesis of Derivatives of 7-Hydroxy- 


isoflavone. 
By Writson Baker, ALFRED POLLARD, and RoBEerRT Rosrnson. 


Aw extension of the experiments recorded in this series of memoirs 
to the synthesis of a wider range of isoflavones, including, for 
example, prunetin and irigenol, has become feasible as the result 
of the improved synthetic method now to be described, which is 
exemplified by the preparation of 7-methoxyisoflavone (VII). 


Me H, Me OH, Me CH 
/CPh-OH CPh-OH CPh 
CN CO 0 


(II.) (VI.) (VII.) 


w-m-Methoxyphenoxyacetophenone (resorcinol methyl phenacy] ether), 
MeO:C,H,°O-CH,°COPh (1), readily yielded a cyanohydrin (I1), from 
which the related hydroxy-acid, MeO-C,H,-O-CH,°CPh(OH)-C0,H 
(III) and its methyl ester (IV) and amide (V) were obtained. 
Numerous experiments on the dehydration of (III) did not result 
in the production of y-pyrone derivatives, and the action of 80% 
sulphuric acid at 60° on (IV) gave a poor yield of a brightly fluor- 
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escent substance, m. p. 124°, identified as 7-methoxy-3-phenyl- 
coumarin (VITT). 

The formation of this substance suggests that the ester suffered 
hydrolytic fission, followed by recombination of the products in 
accordance with the scheme : 


e 7-H, MeO/ .\OH H(OH)‘CPh: Me 
(Y So. CH(OH):CPh-CO,Me 


CO,Me _ 

(IV.) (VIII.) 
The nitrile (Il) undergoes cyclisation to a ketimine hydrochloride 
when it is treated with zine chloride and hydrogen chloride in 
ethereal solution. On hydrolysis, 3-hydroxy-7-methoxyisoflavanone 
(VI) is obtained, and this may be readily dehydrated by means of 
cold concentrated sulphuric acid. The last stage, in which the 
isoflavone (VII) is generated, recalls the transformation of brazilic 
acid (IX) into anhydrobrazilic acid (X) under the influence of 
sulphuric acid (Perkin, J., 1902, 81, 221). 





MeO, OH, > Me CH 
See C-CH,CO,H 
O 





(IX.) O (X.) 


Anhydrobrazilic acid was synthesised in 1908 (Perkin and Robin- 
son, J., 93, 489), but, although the constitution of brazilic acid 
has thus been placed beyond doubt, the stereochemistry of the 
substance has not been investigated. The acid contains an original 
and unaffected asymmetric carbon atom of the brazilin skeleton, 
and it should be optically active; the relation of its configuration 
to that of glucose might be of interest in connexion with the phyto- 
chemical synthesis of brazilin from carbohydrates. 

Obviously, it should be possible to effect the synthesis of brazilic 
acid by a simple application of the process which we have elaborated, 
but we shall not proceed to this in view of the appearance, when 
our work was almost completed, of a paper by Pfeiffer and Willems 
(Ber., 1929, 62, 1243) in which some of the necessary intermediates 
are described. 

On the other hand, two of us, in collaboration with Professor 
W. H. Perkin, initiated, in October, 1928, a synthetical investigation 
in the brazilin and hematoxylin group on analogous lines, and it 
is proposed to continue this line of work. 

In order to obtain an authentic specimen of 7-methoxyisoflavone, 
the original method described in Part I (J., 1925, 127, 1981) has 
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been re-examined. The yield of 7-methoxyisoflavone-2-carbozylic 
acid obtained by the oxidation of 7-methoxy-2-styrylisoflavone has 
been improved somewhat by modifying the conditions, and the 
opportunity has been taken to supplement the account given in 
Part I by the analysis and characterisation of this acid. 


EXPERIMENTAL. 

wo-m-Methoxyphenoxyacetophenone (1).—A solution of m-methoxy. 
phenol (45 g.) in aqueous sodium hydroxide (10 g. in 50 c.c.) was 
added to one of phenacyl bromide (50 g.) in acetone (60.c.c.). The 
yellow liquid became orange and two layers separated. After 
gently heating on the steam-bath for 15 minutes, most of the 
acetone was removed by distillation and the residue mixed with 
cold water (500 c.c.), The precipitated oil rapidly crystallised, 
and the substance separated from alcohol in colourless needles 
(48 g., or 66%); after recrystallisation, these had m. p. 85—86° 
(Found: C, 74-2; H, 5-9. C,;H,,0, requires C, 74-4; H, 5-8%). 

This ether is readily soluble in most organic solvents, but it is 
sparingly soluble in light petroleum. It dissolves in sulphuric acid 
at — 5° to an orange solution with évolution of heat; the solution 
exhibits a green fluorescence, and this is bright greenish-yellow in 
ultra-violet light. Addition of water to the orange solution pre- 
cipitates a yellow oil which crystallises. This is, doubtless, crude 
6-methoxy-3-phenylcoumarone; in ethereal solution it exhibits a 
bright blue fluorescence in ultra-violet light. It crystallises from a 
rather concentrated solution in light petroleum in colourless needles, 
m. p. 43°. If the temperature of the sulphuric acid solution is 
allowed to rise, an entirely different, more complex, substance is 
the sole product. 

a-m-M ethoxyphenoxymethylmandelonitrile (I1)—A solution of 
«-m-methoxyphenoxyacetophenone (25 g.) in ether (250 c.c.) was 
shaken with a solution of potassium cyanide (27-5 g. in 125 c.c. of 
water) while 30% sulphuric acid (50 c.c.) was added during 2 days. 
After shaking over-night, following the last addition of acid, the 
ethereal solution was separated, washed several times with water, 
and dried. Removal of the ether left a yellow oil, solidifying on 
keeping; when this was recrystallised from chloroform-light petrol- 
eum, the cyanohydrin was obtained in almost colourless prisms, 
m. p. 84—85-5° (yield, almost theoretical) (Found: C, 71-2; H, 
5:8; N, 4:7. C,,H,;0,N requires C, 71-4; H, 5:6; N, 5-2%). 
The substance is very readily soluble in ether, acetone, chloroform, 
and benzene, but it is sparingly soluble in petroleum. On boiling 
with aqueous alcohol, the original ketone is re-formed with loss of 
hydrocyanic acid. 
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«-m-Methoxyphenoxymethylmandelic Acid (111) and its Amide (V) 
and Methyl Ester (1V).—A solution of the cyanohydrin (12 g.) in 
dry ether (30 ¢.c.) and methyl alcohol (3 c.c.) was saturated with 
dry hydrogen chloride at 0°. After remaining in the refrigerator 
for 3 days, the solution was added to crushed ice, and then heated 
in the steam-bath for } hour. The oil was taken up and washed 
in ether, recovered, and heated under reflux with alcohol (30 c.c.} 
and potassium hydroxide (5 g. in a few c.c. of water) for an hour. 
After dilution with several times its volume of water, the solution 
was saturated with carbon dioxide. A crystalline precipitate 
(31 g.) gradually separated from the turbid liquid. This amide 
crystallised from ethyl alcohol in needles, m. p. 122—123° (Found : 
0, 67-0; H, 61; N, 5-0. C,gH,,O,N requires C, 67-0; H, 5-9; 
N, 4.9%). 

The clear aqueous solution, after being extracted with ether 
several times, was acidified with hydrochloric acid and extracted 
with chloroform. The chloroform solution, on evaporation, gave 
ig. of a white crystalline acid, m. p. 96—97°; this fell, on crystallis- 
ation from chloroform or alcohol, to 74—76° (Found: C, 63-3; 
H, 6-0. C,ygH,,0;,H,O requires C, 62-7; H, 5-9%), but the hard 
crystals that separated from chloroform-—light petroleum had m. p. 
9%—97°. On keeping, the melting point of the lower-melting form 
was raised to 95—97°. Evidently, the substance forms a very 
unstable hydrate (Found in material dried in a vacuum over phos- 
phoric oxide: C, 66-8; H, 5-7. C©,gH,,0; requires C, 66-7; H, 
56%). This acid dissolves in sulphuric acid to a solution which 
has the fluorescence characteristic of w-m-methoxyphenoxyaceto- 
phenone under similar conditions. 

A solution of the acid (5 g.) in dry ether (30 c.c.) was gradually 
added to a solution of diazomethane in ether (from 4 c.c. of nitroso- 
nethylurethane). Evolution of nitrogen immediately occurred and, 
after } hour, a stream of dry air was passed through the pale yellow 
liquid. After the evaporation of the ether, the yellow syrupy residue 
solidified to a mass of rhombic crystals, colourless after being washed 
with a little ether—petroleum, and having m. p. 48—49° (Found : 
C, 67-8; H, 6-0. C,,H,,0; requires C, 67-6; H, 6-0%). 

This methyl «-m-methoxyphenoxymethylmandelate (1 g.), mixed 
with sulphuric acid (5 c.c. of 80%), was heated to 60° during } hour, 
ad the liquid maintained at that temperature for $ hour. The 
ted solution, which had a bright bluish-violet fluorescence, was 
ulded to crushed ice and the whole was extracted with ether. 
After removal of the solvent, the residue was heated for a short 
time with methyl-alcoholic potassium hydroxide. After acidific- 
ation by means of hydrochloric acid, the solution was heated on 
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the steam-bath for $ hour, cooled, and extracted with ether. The 
substance thus isolated crystallised from alcohol (charcoal) in 
colourless leaflets, m. p. 124°. The bright bluish-violet fluorescence 
of the neutral solutions of this substance and its behaviour as a 
lactone suggested that it might be 7-methoxy-3-phenylcoumarin 
(Bargellini, Gazzetta, 1927, 57, 459; Baker, J., 1927, 2898), which 
has m. p. 124°. A mixture of an authentic specimen of the pheny). 
methoxycoumarin and of the substance obtained as described above 
had m. p. 124°. 

3-Hydroxy-7-methoxyisoflavanone (V1).—Powdered anhydrous zinc 
chloride (1 g.) was added to a solution of «-m-methoxyphenoxy. 
methylmandelonitrile (4 g.) in anhydrous ether (20 c.c.), and the 
whole saturated with hydrogen chloride for several hours and kept 
in the refrigerator for 3—4 days. The ether was then decanted, 
the greenish residue washed with fresh ether, ice added, and the 
mixture heated on the steam-bath and finally boiled; the product, 
isolated by means of ether, crystallised from alcohol in well-shaped, 
compact, colourless prisms, m. p. 133—135° (Found: C, 71:2; 
H, 5-5. C,gH,,0, requires C, 71-1;,H, 5-2%). 

This substance is moderately readily soluble in most organic 
solvents. It is reduced by means of sodium amalgam in methyl. 
alcoholic solution, with formation of a crystalline substance* which 
dissolves in sulphuric acid to a yellow solution exhibiting an intense 
green fluorescence. The reduction product is, doubtless, the corre- 
sponding secondary alcohol, and the action of sulphuric acid pro- 
duces a solution of 7-methoxyisoflavylium sulphate. The highly 
characteristic fluorescence is not destroyed on dilution with alcohol 
or acetic acid: this is a recognised property of the 7-methoxy- 
benzopyrylium salts. 

Oxidation of 7-Methoxy-2-styrylisoflavone.—A solution of potassium 
permanganate (5 g.) in water (200 c.c.) at 25° was added in four 
portions to a solution of 7-methoxy-2-styrylisoflavone (4 g.) in 
pyridine (200 c.c.) at 25°, the temperature being kept below 40°. 
When all the permanganate was reduced (about 10 minutes), the 
solution was filtered, and distilled under diminished pressure until 
a cloudiness appeared. Excess of dilute hydrochloric acid was 
now added and, while still warm, the solution was extracted with 
a large volume of ethyl acetate. The ethyl acetate layer was 
separated, washed with water, and shaken with excess of aqueous 
sodium carbonate. The alkaline solution was acidified, the pre- 
cipitated acids were collected, washed, and dried, and the benzoic 

* (Added in proof.)—This 3 : 4-dihydroxy-7-methoryisoflavane separates from 
benzene in colourless, glistening, elongated, pointed plates, m. p. 153° (Found: 
C, 70°5; H, 6-0. (©,,H,,O, requires C, 70°6; H, 5-9 %). 
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acid was removed by extraction with a little ether, leaving an 
almost white, crystalline powder (0-55 g.). This carboxylic acid 
crystallised readily from acetic acid, in which it was somewhat 
sparingly soluble, in colourless, diamond-shaped crystals, m. p. 
241° with immediate loss of carbon dioxide (Found: C, 68-8; H, 
41. Cy,H,,0, requires C, 68-9; H, 4:1%). 7-Methoxyisoflavone- 
2-carboxylic acid dissolves in concentrated sulphuric acid to a pale 
yellow solution which is devoid of fluorescence (magnesium light). 

7-Methoxyisoflavone.—(A) The 7-methoxyisoflavone-2-carboxylic 
acid was heated at 250° until evolution of carbon dioxide had ceased 
(about 5 minutes). The melt, which solidified on cooling, crystal- 
lised from methyl alcohol (charcoal) in thin, glistening, colourless, 
six-sided plates, m. p. 156°. 7-Methoxyisoflavone dissolves in 
concentrated sulphuric acid to a colourless solution, the blue 
fluorescence of which is marked in sunlight and is brilliant in 
ultra-violet light. 

(B) 3-Hydroxy-7-methoxyzsoflavanone (0-1 g.) was dissolved in 
cold concentrated sulphuric acid (2 c.c.), and water added to the 
fluorescent solution after 30 minutes. The colourless precipitate 
was practically pure 7-methoxyisoflavone (yield, quantitative). 
The substance crystallised from ethyl alcohol in leaflets, m. p. 
155°, and then from methyl alcohol in six-sided lamine or flat, 
elongated, hexagonal prisms, m. p. 156°, unchanged by admixture 
with the substance obtained as in (A) (Found: C, 75-9; H, 4-9. 
Cale. for C,,H,,0,: C, 76-1; H, 48%). The identity of the 
specimens was confirmed by a direct comparison of their properties. 


UNIVERSITY COLLEGE, THE UNIVERSITY OF OXFORD. 
Lonpon. [Received, June 1st, 1929.] 





CXC.—10-Chloro-5 : 10-dihydrophenarsazine and its 
Derivatives. Part X. The 1- and/or 3-Methyl 
Derivatives. The Condensation of Arsenious 
Chloride and Phenyl-m-tolylamine. 


By CHaRLes STANLEY Gipson and JonN DoBNEY ANDREW 
JOHNSON. 


At the time of the commencement of this series of investigations 
the study of the condensation of arsenious chloride and phenyl- 
m-tolylamine had to be postponed on account of the difficulty of 
access of the latter compound in a state of purity. Recently, 
however, Rasuwajew (Ber., 1929, 62, 1215), in connexion with the 
study of what are described as meriquinonoid compounds, recorded 
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the preparation of 10-chloro-l(or 3)-methyl-5 : 10-dihydrophen. 
arsazine * by the above method, using the conditions set forth by 
Burton and Gibson (J., 1926, 460). The melting point of the 
product was given as 195—196°. Since both 1-methyl- and 
3-methyl-10-chloro-5 : 10-dihydrophenarsazine have been rationally 
synthesised by the present authors (this vol., p. 767) and shown 
to be indistinguishable isomerides or one and the same substance, 
m. p. 215—216-5°, it seemed of importance to investigate whether 
the compound obtained by Rasuwajew was isomeric with the 
synthesised substance or substances. 

The preparation of phenyl-m-tolylamine (I) of unquestionable 
purity has been accomplished by the methods described by Chapman 
(J., 1927, 1743; this vol., p. 569), to whom we wish to express our 
thanks for many useful practical suggestions. 

N-Phenylbenzimino-m-tolyl ether (III) was prepared by condensing 
N-phenylbenziminochloride (IV) and m-cresol. On heating at 
280—300°, this ether was converted into the isomeric benzoyl 
derivative of phenyl-m-tolylamine (II). The isomeric ether, 


m-C 1 ! 
(IV.) NPhiCPhCl ——-> NPh:CPh-0-C,H, (IL) 


henol 
(VI.) C,H,N:CPhCl ——-> O,H,N:CPh-OPh (V.) 


(IIl.) or (V-) —->» C,;H,NPh-COPh —+> C,H,-NHPh 
(II.) (I.) 


N-m-tolylbenziminophenyl ether (V), prepared in a similar manner 
from phenol and NV-m-tolylbenziminochloride, gave the same benzoy! 
derivative on isomerisation. The phenyl-m-tolylamine was easily 
obtained from its benzoyl derivative by alkaline hydrolysis. 

When arsenious chloride was condensed with phenyl-m-tolylamine 
under the conditions previously described (loc. cit.), a crystalline 
product, m. p. 195—201°, was obtained and after one crystallisation 
from benzene this gave small yellow needles which, alone or mixed 
with the rationally synthesised 1-methyl and 3-methyl-10-chloro- 
5 : 10-dihydrophenarsazines, melted at 215—216°, the identity thus 
being shown. 

The low melting point of Rasuwajew’s product may be due to 
the use of impure phenyl-m-tolylamine, the methods hitherto 
described for the preparation of this substance generally allowing 
of the possibility of its contamination with other secondary aryl- 
amines. 

* It is somewhat confusing that two systems of nomenclature for this 


series of compounds are now in use. The compound obtained by Rasuwajew 
is described by him as “ 10-chloro-2(4)-methyl-9 ; 10-dihydrophenarsazine.” 
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EXPERIMENTAL. 


N-Phenylbenziminochloride (IV) (Wallach, Annalen, 1876, 184, 
79; Gerhardt, ibid., 1858, 108, 217) has b. p. 173°/15 mm. N-m- 
Tolylbenziminochloride (VI) (Just, Ber., 1886, 19, 983) has b. p. 
172°/8 mm. (yield, 57%). 

N-m-Tolylbenziminophenyl Ether (V).—To phenol (9-4 g.) in a 
cooled solution of sodium ethoxide (alcohol, 40 c.c.; sodium, 2-3 g.) 
under a reflux condenser, a solution of N-m-tolylbenziminochloride 
(22-9 g.) in dry ether (50 c.c.) was slowly added with shaking. 
Heat developed and sodium chloride separated. After 16 hours, 
the ether and most of the alcohol were evaporated on the water- 
bath, water was added to the residue, the precipitated oil extracted 
with ether, the extract washed with dilute sodium hydroxide 
solution (some phenol being removed) and with water and dried 
with calcium chloride, and the ether evaporated. The residue, 
after standing under reduced pressure for some days, partly crystal- 
lised. This was triturated with alcohol, and the oily matter 
removed. The solid was recrystallised from a small quantity of 
alcohol, N-m-tolylbenziminophenyl ether separating in small colour- 
less prisms (8 g.), m. p. 60° (Found: N, 4-9. C,,H,,ON requires 
N, 4:9%). 

N-Phenylbenzimino-m-tolyl ether (III) was prepared in a similar 
manner from N-phenylbenziminochloride (102 g.) in ether (220 c.c.), 
m-cresol (51 g.), alcohol (190 c.c.), and sodium (10-9 g.). It solidified 
after 5 days and when crystallised twice from a small quantity of 
alcohol formed colourless needles (48 g.), m. p. 65° (Found: N, 
49%). 

Benzoyl Derivative of Phenyl-m-tolylamine (Benzophenyl-m-tolyl- 
amide) (II).—(a) N-Phenylbenzimino-m-tolyl ether was heated at 
280—300° for 2 hours. The benzoyl derivative, which solidified on 
cooling, crystallised from alcohol in colourless prisms (yield, 85%), 
m. p. 104—106° (Found: N, 4-9. C,9H,,ON requires N, 49%). 

(b) The recrystallised product obtained from N-m-tolylbenzimino- 
phenyl ether in a similar manner had m. p. 104—106° and was 
identical with that prepared by method (a). 

Phenyl-m-tolylamine (15 g.) was obtained by hydrolysing the 
benzoyl derivative (35 g.) by Chapman’s method (this vol., p. 571). 
After hydrolysis the greater part of the alcohol was evaporated, 
and the residue treated with water; the base was extracted in ether 
and finally distilled under reduced pressure. It had b. p. 183— 
184°/17 mm., and m. p. 27-5° (thermometer in substance). 

Condensation of Arsenious Chloride and Phenyl-m-tolylamine.—A 
nixture of arsenious chloride (13-3 g.), phenyl-m-tolylamine (12-2 g.), 
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and o-dichlorobenzene (27 c.c.) was boiled for 5 hours. Hydrogen 
chloride was evolved and, on cooling, yellow crystalline material 
separated, filling the liquid. After being washed with o-dichloro. 
benzene and with benzene and recrystallised from benzene, it formed 
small yellow needles, m. p. 215—216° (Found: Cl, 12-4. Cale.: 
Cl, 12-2%). 
Guy’s Hosprratn Mepicat ScHoot (Untverstry or Lonpown), 
Lonpon, 8.E. 1. [Received, June 10th, 1929.} 





CXCI.—The Dissociation Constants of Organic Acids. 
Part I. The Primary Dissociation Constants of 
Some Alkyl Malonic Acids. 


By ArtuuR IsRAEL VOGEL. 


In the series of researches of which the present paper forms the first 
part, it is proposed to investigate the relation between dissociation 
and allied constants and chemical constitution; especial attention 
will be given to such problems as (a) the influence of substituents 
and of unsaturation and (5) the effect of ring closure. The present 
communication is concerned with the investigation of malonic 
acid and seven alkyl-substituted malonic acids. 

No accurate conductivity measurements of dibasic acids have 
hitherto been made. The early measurements of Ostwald (Z. 
physikal. Chem., 1889, 3, 282), of Bethmann (ibid., 1890, 5, 403), of 
Walden (ibid., 1891, 8, 449), and of Smith (ibid., 1898, 25, 200) can 
only be regarded as approximate owing to (1) the use of poor 
conductivity water and (2) the difficulties of manipulation attendant 
on the Ostwald—Arrhenius method of dilution. The values of yu», the 
conductivity at infinite dilution of the dibasic acid ionising as a uni- 
univalent electrolyte, employed by all previous workers were largely 
empirical and hence the resultant primary dissociation constants 
were likewise empirical. The recent work of Ferguson and Vogel 
(Phil. Mag., 1925, 50, 971; 1927, 4, 1, 233, 300; Trans. Faraday 
Soc., 1927, 23, 404; compare Ann. Reports, 1927, 24, 24; Vogel, 
Phil. Mag., 1928, 5, 199), more especially the development of 2 
method for the calculation of the conductivity at infinite dilution 
free from all theoretical objections and the evaluation of the 
mobilities (or ionic conductivities) of the hydrogen, sodium, and 
potassium ions at 25°, has provided the necessary means whereby 
more probable values of u, and hence of the primary dissociation 
constant of each individual dibasic acid may be computed. 

In the accurate measurement of the conductivities of acids 
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extending to dilutions of the order of 10-* molar, the fundamental 
difficulty is that due to the solvent (compare Kendall, J. Amer. 
Chem. Soc., 1916, 38, 2460; 1917, 39,9; Washburn, ibid., 1918, 40, 
106). By the use of the conductivity cell designed by Hartley and 
Barrett (J., 1913, 103, 789), no difficulty was experienced, 
when working with equilibrium water of specific conductivity 
0-:8—0-9 x 10° mho, in maintaining the conductivity of the 
solvent constant during an experiment; in this way the proportion 
of the total conductivity due to the solvent was accurately known. 
Further, owing to the relatively large solubilities of most of the 
compounds employed, it was found practicable to adopt the method 
suggested by Whetham (Phil. Trans., 1900, 194, 321; compare 
Frazer and Hartley, Proc. Roy. Soc., 1925, A, 109, 351) whereby 
to a known volume of pure solvent are added successive portions of 
a solution of a solute from a weight pipette, up to a concentration 
of the order of 10-? molar. 


EXPERIMENTAL. 


Water. The water employed was prepared by the distillation of 
ordinary distilled water, to which some potassium permanganate 
and sodium hydroxide had been added, in a modified Bourdillon 
still (J., 1913, 103, 791; compare Kraus and Dexter, J. Amer. 
Chem. Soc., 1922, 44, 2469) in which the carbon dioxide and other 
impurities were removed by fractional condensation. The distill- 
ation was conducted in a slow stream of air, purified by passage 
through three long tubes filled with soda—lime (‘‘ Sofnolite ’’), and 
when the water attained a specific conductivity of 0-8—0-9 x 10 
mho it was collected separately in special flasks. These were 
constructed wholly of Pyrex glass and each consisted of a 3-litre 
flask, the mouth of which was connected by means of a good ground- 
glass joint with a ‘‘ head ” carrying a siphon tube which had a tap 
at its lower end and was connected at its upper end through a tap 
and a ground-glass joint to a soda-lime guard tube. The joints 
were lubricated with pure vaselin. The conductivity-water con- 
tainers were thoroughly cleaned with chromic acid mixture, steamed 
out with steam generated from distilled water for at least 12 hours, 
and then ‘‘ seasoned’ by standing full of conductivity water for 
one year, the water being replaced fortnightly. Equilibrium water 
could be kept in these containers for at least two months without 
appreciable change. The water used in all the final experiments 
had a specific conductivity of 0‘S—0-9 x 10-® mho. 

Acids. Malonic, methylmalonic, ethylmalonic, and diethy]l- 
nalonic acids were prepared and purified for this research by Messrs. 
Boot and required no further purification. Dimethyl-, methyl- 
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ethyl-, and di-n-propyl-malonic acids were Kahlbaum’s purest 
products and were recrystallised from organic solvents before use, 
The preparation of ethyl-n-propylmalonic acid is given below. 

Malonic acid. Boot’s malonic acid was recrystallised from 
benzene-ether containing 5% of light petroleum (b. p. 60—80), 
M. p. 136° (decomp.); M = 104-03. 

Methylmalonic acid. M. p. 132° (decomp.); M = 118-05. 

Ethylmalonic acid. M. p. 115° (decomp.); M = 132-06. 

Dimethylmalonic acid, Recrystallised from benzene—ether-light 
petroleum (b. p. 60—80°). M. p. 193-5° (decomp.); M = 132-06. 

Methylethylmalonic acid. Recrystallised from benzene-ether- 
light petroleum (b. p. 60—80°). M. p. 121°; M = 146-08. 

Diethylmalonie acid. M. p. 127°; M = 160-10. 

Ethyl-n-propylmalonic Acid.—Pure ethyl malonate was converted 
by sodium ethoxide and ethyl iodide into ethyl ethylmalonate, 
b. p. 208—210°/765 mm., and the latter by sodium ethoxide and 
n-propyl iodide into ethyl ethyl-n-propylmalonate, b. p. 236°/ 
763 mm. The last-named ester was hydrolysed with alcoholic 
potassium hydroxide, and the resultant acid recrystallised twice 
from benzene-ether-light petroleum (b. p. 40—60°) and finally from 
chloroform-light petroleum (b. p. 60—80°). It then melted at 
116°; M = 174-11. 

Di-n-propylmalonic acid. Recrystallised from chloroform. M. p. 
161° (decomp.); M = 188-13. 

The acids were dried in a vacuum desiccator over calcium chloride 
and paraffin wax for several days before use. 

Disodium salts. The disodium salts of malonic, methylmalonic, 
ethylmalonic, and diethylmalonic acids were prepared and purified 
by Messrs. Boot. All the other disodium salts were prepared by 
adding the calculated quantity of N-sodium hydroxide solution, 
prepared from A.R. sodium hydroxide and standardised against A.R. 
potassium hydrogen phthalate, to the pure acid, evaporating the 
solution to dryness on the steam-bath, and recrystallising the product 
from dilute methyl or ethyl alcohol. Disodium methyl-, dimethyl-, 
ethyl-n-propyl- and di-n-propyl-malonates were recrystallised from 
dilute ethyl alcohol, and disodium methylethylmalonate from dilute 
methyl alcohol. All the salts were dried at 120—130° for at least 
6 hours and then kept in a vacuum desiccator over calcium chloride 
or phosphoric oxide until required. The molecular weights employed 
were as follows: malonate 148-02 (compare Lorenz and Scheuer- 
mann, Z. anorg. Chem., 1921, 117, 121), methyl- 162-03, ethyl- 
176-05, dimethyl- 176-05, methylethyl- 190-06, diethyl- 204-08, 
ethyl-n-propy! 218-10, and di-n-propyl- 232-11. 

Measurement ~of resistance. The bridge assembly was of the 
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normal Wheatstone type, the source of current being connected to 
the sliding contact and the junction of the standard resistance to the 
cell. The sliding contact was earthed. A Leeds and Northrup 
druam-wound, slide-wire bridge with extension coils and having an 
ebonite hood was employed. The slide wire was about 5 metres 
long and of 7 ohms resistance; it was calibrated by the method of 
Strouhal and Barus and found to have no appreciable error. The 
standard resistance box was a Cambridge and Paul low-induction 
resistance box of the dial type: it had a maximum resistance of 
11,110 ohms and was accurate to 0-04%. A Brown telephone with 
adjustable diaphragm and of 150 ohms resistance was employed. 
Two condensers were used to balance out the effects of induction 
and capacity in the circuit; they were placed in parallel with the 
resistance and consisted of (i) a Sterling variable air condenser of 
maximum capacity 0-001 microfarad, for fine adjustment, and (ii) a 
step-up mica-condenser of maximum capacity 1-0 microfarad and 
ninimum capacity 0-001 microfarad. Both condensers were always 
necessary except for the very dilute solutions. The bridge, resistance 
box, and condensers were mounted on slabs of paraffin wax. 

The source of alternating current was a valve-oscillator con- 
structed by Dr. A. R. Martin of this College, and gave a pure sine-' 
wave alternating current of frequency 1000 cycles per second. It 
was placed in an adjoining room and was connected to the bridge 
by a lead-covered cable. 

The conductivity cells. The three glass cells employed in the 
research were of Pyrex glass: two were constructed as described 
by Hartley and Barrett (loc. cit.); the first had a capacity of 550 c.c. 
vith stout platinum electrodes 2-3 cm. x 3-3 cm. and 2-5 mm. apart, 
the second had a capacity of 350 c.c. with platinum electrodes 
jem. X 1-8 cm. and 2-5 mm. apart. The electrodes were coated 
vith grey platinum by Messrs. Johnson and Matthey. The third 
tell was a stoppered, round-bottomed glass bottle of about 20 c.c. 
capacity; the electrodes consisted of two grey-platinised platinum 
lisss 1 cm. in diameter and about 5 mm. apart, which were sealed 
through the sides. The last cell was employed only for the measure- 
ment of the specific conductivity of the solvent, since this was 
outside the range of the other cells (compare Washburn, J. Amer. 
Chem. Soc., 1916, 38, 2431). 

Temperature control. The thermostat was filled with distilled 
rater and was electrically controlled with a mercury—toluene thermo- 
‘gulator; the temperature was constant at 25°+0-01°. The 
kmperature was measured on a standard thermometer which had 
wen recently calibrated at the National Physical Laboratory. 

Balances. ‘Two balances were used, a large Oertling balance, with 
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a maximum load of 1500 g. and sensitive to 0-5 mg., for weighing 
the conductivity cells and the flask for the determination of cell 
constants, and a Bunge balance, specially overhauled for this 
research by Messrs. Oertling, of maximum load 75 g. and sensitive 
to 0:02 mg. The weights used were calibrated directly against a 
standard set which had recently been adjusted at the National 
Physical Laboratory. 

Determination of cell constants. The constants of the three cells 
were determined directly with 0-01N-potassium chloride solution 
prepared with water having a specific conductivity of 0-9 x 10+ 
mho according to Parker and Parker (J. Amer. Chem. Soc., 1924, 46, 
312). A litre resistance-glass flask and two small Pyrex weighing. 
bottles were used and were thoroughly cleaned and steamed out 
before use. The potassium chloride (Kahlbaum’s purest) was 
recrystallised twice from conductivity water, fused in a platinum 
crucible, and powdered in an agate mortar. The constants of the 
Hartley cells were 0-022996 (large) and 0-037351, and of the small 
cell 0-19094, The values of the cell constants were redetermined at 
frequent intervals and were found not to alter appreciably subse- 
quently to the first month after manufacture. Experiments were 
also carried out to determine the influence of the volume of the 
solution in the cell on the cell constants; no change was detected by 
the addition of quantities of 0-01N-potassium chloride solution 
comparable with those added in the runs. 

Preparation of the solutions. The solutions were made up in 
125 or 250 c.c. wide-necked Pyrex flasks with ground glass stoppers. 
The substance was weighed out in a small platinum crucible or a 
small Pyrex weighing-bottle—not less than 1 g. being usually 
employed—and transferred to the stoppered glass flask containing 
a known weight of conductivity water of the same sample as that 
used in filling the cell. 

The weight pipette had a capacity of about 20 c.c. and was fitted 
with a small tap, lubricated with pure vaselin, the lower end of 
which was connected to a capillary tube, 4 cm. long, covered at its 
extreme end by a small ground-glass cap. The top of the pipette 
was fitted with a ground glass cap carrying a fine capillary tube 
1 cm. long. Two glass hooks were fused into the body of the 
pipette; these served the double purpose of handling and of pro- 
viding a means of suspension by a silver wire. The pipette was 
filled by dipping the lower end beneath the surface of the stock 
solution contained in the wide-mouthed flask, and applying suction 
to the upper capillary. The upper cap was not removed during an 
experiment; the lower cap was removed only during the additions. 
During the addition of the stock solution from the weight pipette, 
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a slow stream of dry, carbon dioxide-free air was passed into the 
cell through the three-way tap attached to the main cap of the cell 
to prevent the absorption of atmospheric impurities. 

Conductivity measurements. Before each series of measurements 
the cells, weight pipettes, and weighing-bottles were allowed to 
stand for at least 24 hours with chromic-concentrated sulphuric 
acid mixture, thoroughly washed with distilled water, steamed out 
for at least 6 hours with steam generated from distilled water, and 
washed with conductivity water. The cells were then thoroughly 
washed with redistilled absolute alcohol and dried by drawing a 
current of carbon dioxide-free, dry air through them for about 24 
hours. The other apparatus was dried in the steam-oven and 
allowed to cool in a vacuum desiccator over calcium chloride or 
phosphoric oxide. This procedure was adopted between each series 
of conductivity measurements. The electrodes were always kept 
short-circuited except during the actual measurements, as_recom- 
mended by Morgan and Lammert (J. Amer. Chem. Soc., 1923, 45, 
1692). During the conductivity measurements, the bridge was 
approximately set and the current switched off for 5 to 10 minutes : 
the final setting was made in about 2 seconds. Three readings, for 
three values of resistance, were taken at each concentration. Perfect 
minima were always obtained, and the bridge could be set to 0-01% 
of its length. Two experiments, with different stock solutions, were 
generally made for each substance; it was usual to make nine 
additions in each series of measurements. 

Calculation of the concentrations. All the concentrations are 
expressed in g.-mols. per litre of solution at 25°. In the first 
instance the concentrations are known in weight normalities and in 
order to convert them into volume normalities, the density at 25° of 
the final solution in the cell was determined in each experiment 
with a carefully calibrated pyknometer and a linear variation of 
density with concentration was assumed. 

Solvent correction. The conductivity of the water, as determined 
by the small cell, was subtracted from the total conductivity at 
each concentration. This correction was applied to both the salts 
and the acids. For the latter the correction amounted to about 
2% of the total conductivity at a concentration of 10* molar, 
and decreased rapidly with increase of concentration and was usually 
less than 0-1% at a concentration of ca. 10-* molar. No maximum 
in the conductivity—concentration curve was observed in dilute 
solutions of the acids (compare Whetham, Z. physikal. Chem., 
1906, 55, 204; Whetham and Paine, Proc. Roy. Soc., 1908, A, 81, 
58; Paine and Evans, Proc. Camb. Phil. Soc., 1914,18, 1; Kendall, 
J. Amer. Chem. Soc., 1917, 39, 7). 
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Results. 


The results are collected in the following tables and are expressed 
in the manner widely employed by Kohlrausch (‘‘ Gesammelte 
Abhandlungen,” 1911). C is the concentration in g.-mols. per litre, 
x is the specific conductivity of the solvent, » is the molecular 
conductivity, and K, is the primary dissociation constant. In 
order to economise space, the actual experimental results will 
be given for only two acids, viz., malonic and methylmalonic 
acids; one experiment each for disodium ethyl-n-propyl- and 
di-n-propyl-malonates is also included as illustrative of the type 
of results obtained with the disodium salts. These are given in 
Table I. Table II contains the values at round concentrations, 
interpolated from a large-scale conductivity—concentration curve, 
of », of « = 2/9, where uy is the molecular conductivity at infinite 
dilution of the acid ionising as a uni-univalent electrolyte (vide p. 


TaseE I. 


Malonic acid. 

C x 104. pt. . Cx 104. fl. 
Series (a) * 0-4098 369-2 Series (c) * 17-392 226-0 
« X 10’, 9-025 2-0024 337-6 x X 10’, 8-872 27-244 201°5 
5-2031 298-2 39-068 180-0 
7-9251 275-0 52-070 163-2 
12-097 249-3 64-770 151-1 
18-798 221-0 77-904 139-8 
Series (b) ¢ 2-0068 340-4 Series (d) * 13173 347-2 
x X 10’, 9-003 4-0083 313-3 « X 10°, 8-934 4-8317 301-2 
6-9827 284-3 15-833 234-1 
13-601 243-3 32-637 191-0 
24-540 206-5 48-090 168-9 
74-165 142°8 
96-422 128-1 


Methylmalonic acid. 


Series (a) * 0-4713 382-7 Series (b) * 0-6669 372-7 
x X 10’, 8-454 1/1866 348-2 « X 10’, 8-953 1-6586 333-0 
2-2686 318-8 9-1928 234-8 
6-3364 260-0 ; 17-361 192-8 
15-611 199-6 29-307 162-0 
27-728 165-8 43-127 139-6 
39-563 145-5 56-552 126-1 
52-246 130:3 76-995 1ll-1 
76-995 1ll-4 


Disodium ethyl-n-propylmalonate. Disodium di-n-propylmalonate. 


Series (a) * 1-9889 186-9 Series (a) * 1-7115 1823 

x X 107, 8934 38190 1857 « x 10’, 9838 44683 1805 

65738 183-9 8-9771  177:7 

97414 181-9 12979 1758 

14-355 179-3 18783 1729 

20-527: 1767 27-196 169-7 

27-318 1743 35-887 166-6 
38-688 170-9 


* Cell constant, 0-022996. + Cell constant, 0-037351. 
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1476), and of K, for malonic and methylmalonic acids. The results 
for the remaining six acids have been incorporated in Table IIT, 
which contains the similarly interpolated values of the molecular 
conductivity—in every case a smooth curve could be drawn without 
ambiguity through the experimental results—at concentrations 
greater than 1 x 10° molar. Table IV contains the results 
for these acids at round concentrations from C = 1 x 10+ to 
(=1 x 10° molar. 


TABLE IT. 


Malonic acid. Methylmalonic acid. 

a. K, x 104. p. a. K, X 104. 
0-874 6-06 353-8 0-875 6-14 
0-830 8-11 325-4 0-805 6-65 
0-738 10-36 274-9 0-680 7°23 
0-642 11-48 229-7 0-568 7-48 
0-537 12-45 183-8 0-455 7-58 
0-479 13-24 160-8 0-398 7-88 
0-439 13°77 144-7 0-358 7-98 
0-409 14-12 132-3 ° 7-96 
0-382 14-16 123-0 . 7-99 
0-359 14-09 115-4 . 7-99 
0-340 14-02 109-3 : 8-03 


lip = 407-9. 
K, = 1-410 x 10-. 


TABLE III. 


Dimethylmalonic Ethylmalonic Methylethylmalonic 
acid. acid. acid. 
Ho = 398-4. Ho = 398-3. Po = 397-3. 

C x 108. pi. K, x 104. pb. K, X 104. pe K, x 104. 
168-8 6-23 197-5 9-75 218-2 13-38 
146-4 6°40 174-4 10-23 191-6 13-48 
132-0 6°57 157-7 10-38 174-7 13-80 
120-6 6°57 144-4 10°31 161-2 13°85 
111-8 6-57 134-0 10-23 150-9 13-94 
104-8 6°57 126-0 10°25 142-0 13-92 
99-0 6°57 119-7 10°33 1348 13-94 
94:1 6°57 114-0 10°33 128-6 13-92 


K, =657 x 10. K,=1-030x 10%. K, = 1-394 x 10°. 


DO W131 Or W bo 


Diethylmalonic Ethyl-n-propyl- Di-n-propyl- 
acid. malonic acid. malonic acid. 
Ho = 396-85. fo = 392-2. Ho = 389-65. 

C x 10%. fs K, x 10°. pl. K, x 10°. pe. K, x 108. 
310-7 5-65 312-8 6-28 315-0 6-82 
291-4 6-09 294-7 6-81 298-7 7-55 
275-5 6-30 280-0 7-12 284-4 7-89 
261-8 6-39 267-3 7-29 272-4 8-12 
249-5 6-39 256-0 7°36 262-1 8-29 
239-0 6-38 246-0 7:39 253-0 8-42 

= — 236-8 7-36 245-3 8-56 
K, =639 x 10%. K,=1737 x 10%. K,=ca.9 x 10° (?) 
3E 
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TaBLeE IV. 


Dimethylmalonic Ethylmalonic Methylethylmalonic 
acid. acid. acid. 

p- K, X 104. pe K, x 104. pt KE, x 104, 
330-6 4-05 334-0 4-36 334-5 4-48 
298-8 4-50 317-0 6-21 322-3 6-97 
254-1 5-62 279-8 8-29 294-0 10-53 
213-8 6-22 238-3 8-91 260-7 12-53 


Diethylmalonic Ethyl-n-propy!l- Di-n-propy!- 
acid. malonic acid. malonic acid. 

pe K, x 10°. [ie K, X 108. pb. K, x 10, 
— 366-3 1-32 — — 
362-9 1-96 362-3 2-24 357-0 2-00 
351-8 3-46 351-4 3°86 347-8 3-71 
336-0 4-67 336-0 5-12 334-8 5-25 


TABLE V. 


Disodium salts. 


Malonate. Methyl- Dimethyl- Ethyl- 
malonate. malonate. malonate. 


pe fe B- B- 
219-0 209-5 200-2 200-4 
217-1 206-5 198-5 199-0 
214-2 202-6 195-8 196-9 
209-4 196-8 191-0 193-1 
205-3 192-6 186-9 189-8 
203-6 190-9 185-1 188-3 
201-9 189-4 183-4 _ 

By 220-55 213-1 201-5 201°3 


Methylethyl- Diethyl- Ethyl-n-propyl- Di-n-propyl- 
malonate. malonate. malonate. malonate. 
p B pe pe 
196-7 1971 187-0 182-1 
194-2 195-6 184-8 180-1 
190-8 193-4 181-7 177-2 
185-8 189-7 176-8 170-4 
182-3 186-8 173-2 . 1685 
181-0 185-6 171-8 166-8 
179°8 — 170-6 omnia 
Py 199-3 198-4 189-1 184-0 


The molecular conductivities at round concentrations for the 
disodium salts are collected in Table V, together with the values of 
4p, the molecular conductivity at infinite dilution, computed by 
Ferguson and Vogel’s method (vide infra). The conductivities of 
the disodium salts decrease with decrease in concentration below 
2 x 10+ molar. 

The results for sodium hydrogen malonate, which was prepared by 
mixing equivalent weights of malonic acid and anhydrous sodium 
malonate, are given in Table VI: M = 126-02, 
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TasBie VI. 
Sodium hydrogen malonate. 


2 5 10 20 30 
178-0 126-0 107-4 97-4 94-1 
50 60 70 80 
90-3 88-9 87-9 86-9 


Discussion and Calculation of the Dissociation Constants. 
The ionisation of a dibasic acid H,X may be assumed to take place 
in two stages : 
a a ee Pe ee a 
BA” a= at. we le OD 
leading to the primary dissociation constant 
K, = [HX-)[H*)/[H,X]). . . . « (’) 
and the secondary dissociation constant 
Ke =[X-- RHA]. Cw Ce Cs, () 
if it be assumed that dissociation is incomplete and the law of mass 
action applies. If uy» = molecular conductivity at infinite dilution 
of the acid H,X, ionising according to equation (1), then 
yp = lax- + 1a+ where /yx- and J,+ represent the mobilities or 
ionic conductivities at infinite dilution of the HX- and H+ ions, 
respectively. The most probable value for /g+ as evaluated by 
Ferguson and Vogel (Phil. Mag., 1927, 4, 300) from the data of 
Kraus and Parker (J. Amer. Chem. Soc., 1922, 44, 2429) on iodic 
acid and of Parker (ibid., 1923, 45, 2017) on hydrochloric acid is 
349-05 at 25°. Unfortunately, Jqx- cannot be computed from .the 
conductivity data of sodium hydrogen salts, as will be evident from 
the results for sodium hydrogen malonate in Table VI, owing to 
the manifestation of secondary ionisation in dilute solutions. The 
method adopted in the present paper is as follows: The value of 
uo for the disodium salt, Na,X; was computed by the graphical 
method of Ferguson and Vogel (Phil. Mag., 1925, 50, 971) by means 
of the equation 
Yo = w + 50". 
This formula was valid up to a concentration of the order of 2 x 10% 
molar. By subtracting twice the mobility of the sodium ion, 
2ly,+, Which was taken as 51-4 (Ferguson and Vogel, Phil. Mag., 
1927, 4, 233), the ionic conductivity of the ion X-- is obtained. 
lax- Was assumed equal to 0-5/x--. Experimental support for this 
assumption is provided by the extensive conductivity measurements 
on the sodium hydrogen and disodium salts of dibasic acids by 
Chandler (J. Amer. Chem. Soc., 1908, 30, 694) in which the molecular 
conductivity of the disodium salt is approximately twice that of the 
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sodium hydrogen salt over a fairly wide range of concentration, 
Knowing vp and assuming a = p/9, K, = «2C/(1 — a), where C js 
the concentration. 

The secondary ionisation constant cannot at present be calculated 
without ambiguity from conductivity data (compare Wegscheider, 
Monatsh., 1902, 23, 599), nor is there any trustworthy evidence that 
the secondary ionisation of the malonic acids conforms to the mass. 
action law. It is proposed to discuss the question more fully ina 
future communication, but it will suffice here to state that, although 
some eight methods have now been employed for the determination 
of secondary ionisation constants, it cannot be said that the 
secondary ionisation constant of any dibasic acid is known with an 
accuracy approaching 10%. 

Inspection of the tables reveals the following facts. When the 
value of « falls below 0-3—0-4 for malonic, methyl-, ethyl.-, di- 
methyl-, and methylethyl-malonic acids and below 0-6—0-7 for 
diethyl- and ethyl-n-propyl-malonic acids, the acids seem to ionise 
as uni-univalent electrolytes. Di-n-propylmalonic acid appears to 
behave as a so-called strong electrolyte, since there is no evidence of 
@ primary dissociation constant over the whole of the concentration 
range studied. 

The diminution of K, with decrease of concentration at low 
concentrations is an outstanding feature of the results. No definite 
explanation of this anomaly is offered at present, although it is 
possible that the secondary ionisation of the malonic acids does not 
conform to the simple mass-action law, 7.e., K, does not exist. 

A conspectus of the results is exhibited in Tables VII and VIII. 


TaBLeE VII. 
Hoe K,xX 104 

407-9 14-10 

Imaloni 404-2 7-99 

Ethy. 398-3 10-30 
Dimethylmalonic ; 398-4 6-57 
Methylethylmalonic 397-3 13-94 
Diethylmalonic 396-85 63-9 
Ethyl-n-propylmalonic 392-2 73-7 
Di-n-propylmalonic 389-65 ca. 90 (?) 


Tas.eE VIII. 


Disodium salt. Ho: lx--. 
Malonate 220-55 117-7 
110-3 

Ethy onate . 98-5 
Dimethylmalonate ° 98-7 
Methylethylmalonate 96-5 
Diethylmalonate ° 95-6 
Ethyl-n-propylmalonate , 86-3 
Di-n-propylmalonate : 81-2 
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In the first place it will be seen that the effect of successively 
substituting methyl groups for the two hydrogen atoms of malonic 
acid is a lowering of the dissociation constant, whereas the sub- 
stitution of larger groups causes an increase. There can be no 
question that at least two factors come into play, viz., the polar 
factor by virtue of the charge associated with the alkyl group, and 
the volume factor. The remarkable difference in dissociation con- 
stants between methylethyl- and diethyl- and the higher substituted 
malonic acids is noteworthy; this may have some theoretical 
significance. The values of uy, for the disodium salts decrease with 
increasing substitution; isomeric ions such as those of ethyl- and 
dimethyl-malonic acids have the same mobility. 

No account has been taken in the present calculations of the 
influence of interionic attractions and related effects; it is hoped 
to discuss the question more fully in a future communication 
(compare Sherrill and Noyes, J. Amer. Chem. Soc., 1926, 48, 1861 ; 
MacInnes, loc, cit., p. 1861). 
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CXCII.—The Dissociation Constants of Organic Acids. 
Part II. The Primary Dissociation Constants of 
Some Cyclic 1:1-Dicarboxylic Acids. 


By Artuur IsrRAEL VOGEL. 


Tue cyclopropane, cyclobutane, cyclopentane, and cyclohexane rings 
may be regarded as derived from the corresponding open-chain 
gem-dimethyl-, methylethyl-, diethyl- and ethyl-n-propyl compounds 
by the elimination of two hydrogen atoms from, and subsequent 
ring-closure at, the terminal carbon atoms. The comparison, by 
means of a trustworthy physicochemical method, of the properties 
of these two parallel series of compounds will eventually furnish 
valuable evidence inter alia as to the nature of ring closure, the 
“tetrahedral angle’ and the configuration of the rings. In the 
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present paper the cyclic 1 : 1-dicarboxylic acids (I), (II), (ITT), and 
(IV) have been investigated by the sae "oy method and the 


CH, 0,H Co, CH,-CH CO,H 
(Hu. 0,H CH<G og hr CH,’ CH, co.k 
(I.) yi (III.) 
H,°CH, CO,H CH. 0 00;H CO,H 
3) Kan -CH 00,8 ont abit CH, ean C0,H 


ay ) V.) (VI. ) 


> COH CH,: CH, 
oni nia CO,H CH,°CH,°CH, nears 
(VII. ) (VIII. ) 


results are compared with those obtained for the corresponding 
open-chain compounds (V), (VI), (VII), and (VIII) described in 
Part I (preceding paper). No accurate conductivity measurements 
on cyclic 1 : 1-dicarboxylic acids have previously been made; some 
old measurements for cyclopropane-1 : 1-dicarboxylic acid (Bone and 
Sprankling, J., 1898, 83, 1379; Smith, Z. physikal. Chem., 1898, 
25, 204) and for cyclobutane-1 : 1-dicarboxylic acid (Stohmann 
and Kleber, J. pr. Chem., 1892, 45, 480; Walker, J., 1892, 64, 705; 
Smith, loc. cit.) are on record. 


EXPERIMENTAL. 


Preparation and Purification of Acids.—cycloPropane-l : 1- 
dicarboxylic acid. Pure redistilled ethylene dibromide was con- 
densed with ethyl sodiocyanoacetate (prepared with absolute alcohol 
distilled over calcium) according to Perkin and Carpenter (J., 1899, 
75, 921), and the ethyl 1-cyanocyclopropane-l-carboxylate, b. p. 
215—216°/761 mm., hydrolysed by heating on the steam-bath with 
6 mols. of ethyl-alcoholic potassium hydroxide for 28 hours. The 
acid was isolated by ether extraction (three times) after previous 
saturation with ammonium sulphate, and solidified almost completely 
when left over calcium chloride in a vacuum desiccator for several 
hours. The oily matter was absorbed in porous plate, and the acid 
recrystallised from benzene-ether-light petroleum (b. p. 60—80°); 
m. p. 110—120°. It was then triturated twice with boiling benzene 
(to remove malonic acid), but it still melted at 110—125°. Recrystal- 
lisation from chloroform raised the m. p. to 132° (softening at 120°), 
which was unaffected by recrystallisation from other solvents. The 
acid was then esterified with ethyl alcohol—benzene-sulphuric acid 
(Vogel, J., 1928, 2020), and the fraction, b. p. 215—216°/759 mm., 
which was pure ethyl cyclopropane-1 : 1-dicarboxylate, hydrolysed 
by heating under reflux on the steam-bath for 10 hours with 4 mols. 
of ethyl-alcoholic potassium hydroxide; the acid, isolated by 
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ether extraction, after one crystallisation from benzene-ether-light 
petroleum (b. p. 40—60°), formed magnificent thin plates, which 
melted sharply at 136° (Perkin and Carpenter, loc. cit., give m. p. 
133—136°; Jones and Scott, J. Amer. Chem. Soc., 1922, 44, 413, 
give m. p. 134°). M = 130-05. 

cycloButane-1 : 1-dicarboxylic acid. «y-Dibromopropane (Roger 
Adams, “‘ Organic Syntheses,” 1921, 1, 8) was condensed with ethyl 
sodiomalonate according to Perkin and Prentice (J., 1891, 59, 823; 
compare J., 1887, 41, 20), and the product distilled in steam. The 
distillate was saturated with ammonium sulphate and twice 
extracted with ether. The extract was dried, the ether evaporated, 
and the residue distilled. The fraction, b. p. 100—116°/14 mm., 
consisting largely of ethyl cyclobutane-1 : l1-dicarboxylate, was 
hydrolysed by heating on the steam-bath with 4 mols. of ethyl- 
alcoholic potassium hydroxide for 5 hours; the acid, isolated by 
five extractions with ether, was spread on a porous plate to remove 
asmall quantity of oily matter. A small proportion of malonic acid 
present was removed by two triturations with relatively small 
quantities of boiling benzene, in which malonic acid is readily and 
the cyclic acid sparingly soluble; the residue, m. p. 157—158° 
(decomp.), after recrystallisation from benzene—ether, preferably 
mixed with light petroleum (b. p. 40—60°), formed magnificent thin 
prisms of the pure acid, m. p. 159° (decomp.) [Perkin and Prentice, 
loc. cit., give m. p. 154—156° (decomp.); Perkin and Carpenter, 
loc. cit., give m. p. 157° (decomp.)]. M = 144-06. 

cycloPentane-1 : 1-dicarboxylic acid was prepared by the con- 
densation of «8-dibromobutane with ethyl sodiomalonate. The 
most convenient method of preparing «8-dibromobutane is the 
following modification of von Braun and Lemke’s method (Ber., 
1922, 55, 3526). Adipic acid was converted by means of thionyl 
chloride into the acid chloride, and the latter into the diamide by 
aqueous ammonia (d 0-88). 214 G. of the crude finely powdered 
diamide were frequently shaken during 30 minutes with a solution 
prepared from 1480 g. of 33° sodium hydroxide solution (493-5 g. 
of sodium hydroxide and 986-5 g. of water), 471 g. of bromine, and 
1750 g. of ice and the whole was then heated under reflux on the 
steam-bath for 2 hours; an odour reminiscent of piperidine was 
soon perceptible. After 12 hours, 437 g. of benzoyl chloride were 
added with cooling and the mixture was maintained for 18 hours at 
30—40° (yield of NN’-dibenzoylputrescine, 390 g. after drying in 
the steam-oven). To 180 g. of the crude dibenzoylputrescine and 
323 g. of phosphorus tribromide (2 mols.), 96 g. of bromine (2 mols.) 
were slowly added. The mixture was melted by gentle heating and 
slowly distilled under atmospheric pressure, a little hydrogen bromide 
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and phosphorus pentabromide being evolved; when a few c.c. had 
passed over, the distillation was continued under diminished pressure 
(water-pump) during 14—2 hours, the temperature not rising above 
120°. The distillate, consisting of phosphorus oxybromide, benzo. 
nitrile and «3-dibromobutane, was poured into ice and water, and 
the residual heavy oil was extracted in light petroleum (b. p. 40— 
60°), treated with small quantities of concentrated sulphuric acid 
until the latter was no longer coloured (three extractions are usually 
sufficient), in order to remove the benzonitrile, washed with water, 
dried with calcium chloride, and distilled after evaporation of the 
solvent, «3-dibromobutane (62 g.) being obtained as a colourless 
liquid, b. p. 76—77°/18 mm. (Miller and Sauerwald, Monatsh., 1927, 
48, 156, give b. p. 70—72°/8 mm.; von Braun and Lemke, loc. cit., 
give b. p. 80--82°/14 mm.). A better yield can be obtained from 
recrystallised N N’-dibenzoylputrescine. 

Condensation of «8-dibromobutane with ethyl sodiomalonate. Toa 
cold solution of sodium ethoxide (from 13-1 g. of sodium, and 240g. 
of absolute alcohol distilled over calcium), access of moisture being 
prevented, ethyl malonate (45-7 g.) was added, followed after 
30 minutes by 56-7 g. of thedibromide. The solution, which became 
neutral when warmed on the steam-bath, was acidified with dilute 
hydrochloric acid, diluted with water, saturated with ammonium 
sulphate, and extracted three times with ether. The ethereal solu- 
tion was washed three times with water and dried with calcium 
chloride, the ether removed, and the residue distilled under dimin- 
ished pressure. The fraction, b. p. 100—120°/16 mm. (chiefly at 
115°/16 mm.) (30 g.), consisting chiefly of ethyl cyclopentane-1 : 1- 
dicarboxylate, was heated under reflux with ethyl-alcoholic potas- 
sium hydroxide (30 g. of potassium hydroxide in 60 g. of water; 
30 g. of ester in 60 g. of rectified spirit) on the steam-bath for 12 
hours. The solution was evaporated to dryness, and the residue 
triturated with ether to remove neutral impurities (if any) and 
acidified with dilute sulphuric acid. The cyclopentane-1 : 1-dicarb- 
oxylic acid, isolated by extraction with ether (four times) in the 
usual way and drained on porous tile (yield, 18 g.), was triturated 
three times with boiling benzene to remove the very small quantity 
of malonic acid present; it then melted at 190° (decomp.) and 
crystallised from benzene-ether-light petroleum (b. p. 40—60°) 
in small thin prisms. The acid is very sparingly soluble in boiling 
benzene and only relatively slightly soluble in cold water and hence 
it was not possible to extend the conductivity measurements to very 
concentrated solutions by the method employed in the present 
research. Stauss (Ber., 1894, 27, 1229) gives m. p. 176—178° and 
Haworth and Perkin (J., 1894, 65, 86) give m. p. 184—185° (decomp.); 
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the acids obtained by these investigators were probably not pure 
owing to the use of an impure dibromide in the initial condensation. 

cycloHexane-1 : 1-dicarboxylic acid (compare Dox and Yoder, 
J. Amer. Chem. Soc., 1921, 43, 1366). The reaction between ethyl 
malonate (91-5 g.), sodium ethoxide (from 26-2 g. of sodium and 
480 g. of absolute alcohol), and ae-dibromopentane (b. p. 112— 
113°/22 mm.; 131-5 g.) was carried out substantially as in the 
preceding case and after 16 hours’ heating on the steam-bath the 
product was isolated from the neutral solution in the usual way. 
On distillation, after a small fraction, b. p. 119—130°/16 mm., 
there was obtained a main fraction, b. p. 130—145°/16 mm. (50 g.). 
This was heated under reflux for 16 hours with alcoholic potassium 
hydroxide (50 g. of ester in 100 g. of rectified spirit; 50 g. of 
potassium hydroxide in 100 g. of water), and the acid isolated as 
described under cyclopentane-1 : 1-dicarboxylic acid [yield, 36 g.; 
m. p. 168° (decomp.)]. After two crystallisations from benzene— 
ether-light petroleum (b. p. 40—60°), from which it separated in 
small thin prisms, the acid melted at 179-5° (decomp.) [Wightman, 
J., 1926, 2541, gives m. p. 176° (decomp.); the m. p. 207°, given 
by Ingold and Thorpe, J., 1919, 115, 376, requires correction]. 

Although the condensations of «8-dibromobutane and of 
ae-dibromopentane with ethyl sodiomalonate were carried out under 
comparable conditions, the yield of cyclopentane-1 : 1-dicarboxylic 
was definitely greater than that of cyclohexane-1 : 1-dicarboxylic 
acid, thus providing further evidence for the conclusion (this vol., 
p. 721) that the 5-membered ring is formed more readily than the 
§-membered ring. 

Owing to the relatively sparing solubility of the acid in water 
at 25°, the conductivity measurements could not be extended to 
concentrated solutions. M = 172-10. 

The acids were kept over calcium chloride and paraffin wax in 
vacuum desiccators until required. 

Disodium Salts —These were prepared by adding the calculated 
quantity of N-sodium hydroxide, prepared from A.R. sodium 
hydroxide and standardised against A.R. potassium hydrogen 
phthalate, to the pure acid, evaporating the solution to dryness on 
the steam-bath, and recrystallising the product from dilute ethyl 
alcohol. All the salts were dried at 120—130° for 6 hours and then 
stored over calcium chloride in a vacuum desiccator until required 
for use. The molecular weights employed for the disodium salts 
were cyclopropane- 174-03, cyclobutane- 188-05, cyclopentane- 
202-06, and cyclohexane-1 : 1-dicarboxylate 216-08. 

Conductivity Measurements.—The technique of the conductivity 

3 E2 
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measurements was identical with that described in Part I (preced. 
ing paper) and the same conductivity cells were employed; the 
cell constants were redetermined at frequent intervals but no change 
could be detected. The water used had a specific conductivity of 
0-8—0-9 x 10-* mho. All the measurements were carried out at 
25° + 0-01°. It was usual to carry out at least two experiments for 
each substance, 

Results —Owing to limitations of space the actual experimental 
results for only one series of measurements for one acid and its 
disodium salt will be given; these are typical of all the results 
obtained and are in Table I. The specific conductivity of the 
solvent is given byx. Tabulated results for the acids are in Table II, 
in which are presented the values of the molecular conductivity, ,, 
at round concentrations, C, above 2 x 10-* molar and the corre. 
sponding values of the primary dissociation constant, K,, together 
with the values of u), the molecular conductivity at infinite dilution 
of the acid ionising as a uni-univalent electrolyte, computed in the 


TABLE I. 
Cell constant, 0-022996. 


cycloButane- Disodium cyclo- 
1: 1-dicarboxylic butane-1 : 1-di- 
acid. A pe. carboxylate. Ox10‘. 
Series (b) 330-6 Series (b) 1-8062 
x X 10°, 9-240 280-3 «x X 10’, 9-537 3-0270 
221-6 6-3168 
186-3 11-158 
154-9 17-271 
135-1 24-373 
121-2 32-850 
104-6 46-716 
94-6 


TaBLeE IL. 


cycloPropane- cycloButane- cycloPentane- cycloHexane- 
1 : 1-dicarb- 1:1-dicarb- - 1: 1-dicarb- 1 : 1-dicarb- 
oxylic acid. oxylic acid. oxylic acid. oxylic acid. 
Mo = 402-45. Mg = 397-0. bo = 395-95. Ho = 394-2. 
He K, x 104. b- K, x 104. be K, x 104. Me K, x 104, 
333-6 80-3 172-6 6-69 156-9 5-20 128-0 3-12 
320-8 94-0 148-7 6-73 136-4 5-43 108-6 3-14 
309-9 103-1 134-1 6-89 122-1 5-50 96-2 3-15 
300-3 109-7 123-1 6-97 111-0 5-46 88-3 3-16 
292-0 115-1 114-2 6-97 102-0 5-49 83-1 *3-38 
284-8 1199 1070 696 K —5-47x10-. K,=—314x10-. 
278-3 1240 1010 695 * " . 
272-8 131-4 96-2 6-97 
K,= K,=6-96 x 10. 
ca. 1-4 107? (2). 


* Not employed in calculation of mean. 


COW1H oP W bo 
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manner described in the first paper of this series. Table III con- 
tains the results for the acids at concentrations below 2 x 10% 
molar. The values of » have been interpolated from a large-scale 
conductivity—concentration curve; a smooth curve could always be 
drawn without ambiguity through the experimental results. The 
values of the molecular conductivity of the disodium salts over a 
range of concentration are incorporated in Table IV; 9, the 
molecular conductivity at infinite dilution, has been calculated by 
means of the equation uy = u + bC" by the graphical method of 
Ferguson and Vogel (Phil. Mag., 1925, 50, 971). 


TaBLeE III. 
cycloPropane- cycloButane- cycloPentane- cycloHexane- 
1 : 1-dicarb- 1 : 1-dicarb- 1 : 1-dicarb- 1 : 1-dicarb- 
oxylic acid. oxylic acid. oxylic acid. oxylic acid. 

L- K, x 104. be K, x 104. be Ky, x 104. Me KE, x 104, 
3650 88 333-1 4:37 — a = — 
363-0 16-6 305-8 5-17 282-7 3-56 259-5 3 =2-54 
357-3 35-1 259-1 6-13 232:9 4-20 205-1 2-82 
348-8 56-4 217-1 6-60 196-0 4-85 165-6 3-04 


TaBLeE IV. 
Disodium 1 : 1-dizarboxylates. 
cycloPropane-. cycloButane-. cycloPentane-. cycloHexane-. 


1.2 C x 104. pe pe pe pe 

6-3 2 207°3 197-1 194-9 190-9 
4-4 5 204-9 195-1 193-0 188-8 
1-7 10 201-6 192-4 190-3 186-0 
9-0 20 196-7 188-0 186-2 182-0 
B-5 30 193-0 184-9 183-1 179+1 
4-] 2 ae 183-6 181-8 178-0 
1-3 * =a oi fe. 


Ho 209-6 198-75 196-65 193-1 


A conspectus of the results is exhibited in Tables V and VI; 
lx-- is the ionic conductivity at infinite dilution of the neutral anion 
deduced from measurements on the disodium salts, and b and n 
are the constants used in the computation of uy for the disodium salts, 


TABLE V. 
Acid. 
(A) cycloPropane-1 : 1-dicarboxylic acid 
(B) cycloButane-1 : 1-dicarboxylic acid 
(C) cycloPentane-1 : 1-dicarboxylic acid 
(D) cycloHexane-1 : 1-dicarboxylic acid 


Taste VI. 
Disodium salt of 
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Discussion.—Inspection of the Tables reveals the following results, 
cycloPropane-1 : 1-dicarboxylic acid is a very strong acid, but it 
does not give a constant value for K, over the whole of the con. 
centration range studied; it simulates di-n-propylmalonic acid 
(Vogel, this vol., p. 1486) in this respect. cycloButane-, cyclo- 
pentane- and cyclohexane-1 : 1-dicarboxylic acids are relatively weak 
acids and ionise as uni-univalent electrolytes according to the simple 
mass-action law over a definite concentration range; moreover, the 
variation of the dissociation constant over the whole range of con- 
centration is relatively small, but the diminution of K, at low con. 
centrations is quite definite (Table III). For these three acids the 
values of the primary dissociation constants, the conductivity at 
infinite dilution of the disodium salts and hence the mobilities of the 
anions, /x--, and the values of 6 and n in the equation wy = p+ 
bC” decrease regularly with increase in the size of the ring. There 
seems at present no apparent connexion between the primary dis- 
sociation constants of the cyclopropane-, cyclobutane-, cyclopentane- 
and cyclohexane-1 : l-dicarboxylic acids and those of the gem- 
dimethyl- (6-57 x 10), methylethyl- (13-94 x 10), diethyl- 
(63-9 x 10-4) and ethyl-n-propyl- (73-7 x 10-*) malonic acids, the 
open-chain compounds from which they may be regarded as derived. 

A full discussion of the significance of these results is reserved 
pending the completion of the work in progress on the determination 
(if possible) of the so-called secondary ionisation constants of these 
acids together with the investigation, on the lines described in Part I, 
of some monocyclylmalonic acids (e.g., cyclopentyl, cyclohexyl, cyclo- 
heptyl, etc.), of the normal dibasic acids (succinic acid and higher 
members), and of the substituted succinic and glutaric acids. It 
should, however, be mentioned here that the anomalous character 
of the cyclopropane ring in the 1 : 1-dicarboxylic compounds is also 
reflected in the chemical properties ; e.g., Bone and Perkin (J., 1895, 
67, 112) found that ethyl cyclopropane-1 : 1-dicarboxylate reacts 
with ethyl sodiomalonate with the formation of the open-chain 
compound ethyl butane-««33-tetracarboxylate (compare Best and 
Thorpe, J., 1909, 95, 692 ; Campbell and Thorpe, J., 1910, 97, 2418) 
and Perkin (J., 1885, 47, 801) showed that the acid is readily 
decomposed by hydrobromic acid, giving ethyl-bromomalonic acid. 

No account has been taken of interionic forces and related effects 
in the present calculations of the primary dissociation constants 
(compare Sherrill and Noyes, J. Amer. Chem. Soc., 1926, 48, 1861; 
MacInnes, ibid., p. 2068); this question will be considered in a 
future communication. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, 8.W. 7. [Received, April 16th, 1929.] 
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CXCIII.—The Isomeric Monohydroxyphenylalanines. 
PartI. A New Synthesis of the o- and m-Isomerides 
and a Comparison of their Properties with those of 
Tyrosine. 

By Witt14M PaRKER DICKINSON and Pune Guy MARSHALL. 


THE synthesis of tyrosine was first accomplished by Erlenmeyer 
(Annalen, 1899, 307, 138; 1883, 219, 161). Blum (Arch. exp. 
Path. Pharm., 1908, 59, 286) prepared the o- and m-isomerides by 
Erlenmeyer’s second method and showed that they gave a positive 
Millon’s reaction. 

These acids were prepared by us with a view to detailed com- 
parison with tyrosine by the method introduced by Sasaki (Ber., 
1921, 54, 163) for tyrosine and phenylalanine and later used by 
Hirai (Biochem. Z., 1926, 177, 449). 

The glycine anhydride used was prepared most satisfactorily by 
a modification of Fischer’s method (Ber., 1906, 39, 2893). 

The condensation of salicylaldehyde and glycine anhydride in the 
presence of sodium acetate and acetic anhydride gave a poor yield 
of 2: 5-diketo-3 : 6-di-o-acetoxybenzylidenepiperazine. This result 
was due to the formation of coumarin as a by-product, for the 
replacement of salicylaldehyde by its methyl ether in the condens- 
ation increased the yield of piperazine derivative to 46%. 

As Perkin’s method of preparing salicylaldehyde methyl ether 
(Annalen, 1868, 145, 302) proved to be unsatisfactory, methyl 
sulphate was used under suitable conditions. 

Hirai’s method (loc. cit.) for isolating the free amino-acids was 
found more satisfactory than that used by Sasaki in the synthesis 
of tyrosine. Both o- and m-hydroxyphenylalanines produced a 
blue colour with Folin’s phenol reagent, and these colours (which 
were more intense) were compared quantitatively with that pro- 


duced by tyrosine. 
EXPERIMENTAL. 


Glycine Anhydride —A solution of 56 g. of glycine ester hydro- 
chloride in 30 c.c. of water was stirred while 33 c.c. of 46% sodium 
hydroxide solution were added during 1 hour, the temperature 
being maintained at about —10°. After 4—1 hour’s stirring, the 
whole was kept at room temperature for 3 days; the yellow product 
was then washed with a small quantity of cold water and recrystal- 
lised from 60—70 c.c. of hot water (charcoal), giving colourless 


needles (8-2 g.; yield, 36%). 
2 : 5-Diketo-3 : 6-di-o-acetoxybenzylidenepiperazine.—A mixture of 
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28 g. of salicylaldehyde, 11 g. of glycine anhydride, 30 g. of anhydrous 
sodium acetate, and 40 c.c. of acetic anhydride was heated for 
9 hours at about 125° and for a further 2 hours at about 135°. The 
dark brown mass, when cold, was treated twice with hot water and 
the solution was decanted from the tarry residue, which was 
extracted with hot alcohol until the filtrate was almost colourless. 
The yellow-brown powder obtained (6-2 g.; yield, 15-8%), after 
recrystallisation from 95% acetic acid, melted at 272° (Found by 
micro-Kjeldahl: N, 6-9. C,.H,,0,N, requires N, 69%). The 
compound gives an orange-yellow colour in concentrated sulphuric 
acid. 

Salicylaldehyde Methyl Ether—A mixture of 50 g. of salicyl- 
aldehyde, 200 c.c. of 2N-sodium hydroxide, and 30 c.c. of methyl 
sulphate was heated on the water-bath for 1 hour with occasional 
shaking. An ethereal extract of the cold product was shaken with 
dilute sodium hydroxide solution (at least four times, until the 
aqueous liquor was almost colourless), dried with potassium 
carbonate, and evaporated. The residue distilled at 242—245° 
(yield, 27 g.). 

2 : 5-Diketo-3 : 6-di-o-methoxybenzylidenepiperazine.—A mixture of 
5 g. of glycine anhydride, 12 g. of salicylaldehyde methyl ether, 
10 g. of anhydrous sodium acetate, and 20 c.c. of acetic anhydride 
was heated gradually to 140° and kept at this temperature for 
12—15 hours. The cooled brown mass, after being extracted with 
hot water and repeatedly with boiling alcohol, left a product (7-15 g.; 
yield, 466%) which crystallised from glacial acetic acid in yellow 
needles, m. p. 268°, and gave an orange-yellow colour in concentrated 
sulphuric acid (Found: N, 8-1, 8°0. C,)H,,0,N, requires N,8-0%). 

2 : 5-Diketo-3 : 6-di-o-ethoxybenzylidenepiperazine, prepared by an 
analogous method, crystallised from toluene-ethy] acetate in yellow 
needles, m. p. 205—206°, and gave a cherry-red colour in concen- 
trated sulphuric acid (Found by micro-Kjeldahl : N, 7-4. C..H,.0,N, 
requires N, 7-4%). 

Reduction of 2: 5-Diketo-3 : 6-di-o-methoxybenzylidenepiperazine. 
—A mixture of 8 g. of the diketopiperazine, 6 g. of red phosphorus, 
and 35 c.c. of hydriodic acid (Zeisel) was refluxed for 7 hours and 
then diluted with 100 c.c. of water. The cooled solution was filtered 
and evaporated under reduced pressure at 40—45° in a current of 
carbon dioxide to remove the bulk of the hydriodic acid. The pale 
yellow solid obtained was dissolved in warm water, and the solution 
acidified strongly with acetic acid. From this point the procedure 
adopted was almost identical with that of Hirai (loc. cit.). After 
the evaporation under reduced pressure, alcohol was added to the 
concentrated solution of the amino-acid, the precipitated acid was 
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collected and dissolved in the minimum amount of hot water, and 
the filtered solution treated with 3 volumes of alcohol; the acid 
then crystallised in colourless plates, m. p. 249—250° (confirming 
Blum’s m. p.) (Found by micro-Kjeldahl : N,7-8. Calc. : N,7-7%). 

o-Hydroxyphenylalanine may also be prepared by reduction of 
the corresponding diacetoxy- and diethoxy-benzylidenediketo- 
piperazines. 

2 : 5-Diketo-3 : 6-di-m-acetoxybenzylidenepiperazine.—A mixture of 
11 g. of glycine anhydride, 24 g. of m-hydroxybenzaldehyde, 30 g. of 
anhydrous sodium acetate, and 45 c.c. of acetic anhydride was 
heated gradually to 135—140° and maintained at this temperature 
for’ 7 hours. The condensation product, which was isolated in the 
same way as that obtained from salicylaldehyde methyl ether, was 
a light yellow substance (28 g.; yield, 90%) which crystallised from 
glacial acetic acid in pale yellow plates, m. p. 272° (Found: N, 
7:2. CypH,,0,N, requires N, 6-9%). 

Reduction. 10 G. of the diketopiperazine, 5 g. of red phosphorus, 
and 50 c.c. of hydriodic acid (d 1-7) were refluxed for 12 hours and, 
after cooling, diluted with water. The filtered solution was made 
strongly acid with acetic acid, and then, by the procedure described 
in the preceding reduction, 5-5 g. (62%) of m-hydroxyphenylalanine 
were obtained in colourless leaflets, m. p. 275° (Blum gives 279— 
280°) (Found: N, 7:65. Cale.: N, 7:7%). 

Colour Reactions of the Three Hydroxyphenylalanines.—M illon’s 
reaction. Folin and Ciocalteu’s modified form of Millon’s test 
(J. Biol. Chem., 1927, 73, 637) is, as these authors point out, more 
selective, and acids such as tryptophan develop no colour when so 
treated. A standard tyrosine solution in 2N-sulphuric acid con- 
taining 1 mg. per c.c. was used for comparison. To 5 c.c. of this 
solution, in a 100 c.c. graduated flask, were added 4 c.c. of 15% 
mercuric sulphate and 12 c.c. of 1-5°% mercuric sulphate solutions 
and 6 c.c. of 7N-sulphuric acid. 5 C.c. of similar solutions of the 
o- and m-isomerides were treated in the same manner, and all the 
flasks were heated in a boiling water-bath for 15 minutes. They 
were then cooled rapidly, 1 c.c. of 2% sodium nitrite solution was 
added to each, and, after dilution to 100 c.c., the solutions were 
immediately compared in a colorimeter. 

o-Hydroxyphenylalanine gave a much less orange shade and could 
not be accurately compared with the other two, but the intensity 
was roughly 35% of that produced by tyrosine. m-Hydroxy- 
phenylalanine gave a shade identical with that given by tyrosine, 
and the intensity was 60% of that of tyrosine. 

With Folin’s phenol reagent (J. Biol. Chem., 1927, 73, 644). 
Equivalent quantities of solutions of tyrosine and its isomerides 
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were measured into 100 c.c. graduated flasks and treated in exactly 
the same manner as recommended by Folin and Ciocalteu for the 
estimation of tryptophan in protein hydrolysates, except that the 
sodium cyanide was unnecessary owing to the absence of mercury. 
The flasks were kept for 45 minutes to allow proper development of 
the blue colour, and comparison was then made in the colorimeter, 
Quantitative results were obtained as follows, tyrosine being taken 
as standard: Tyrosine, 100%; o-hydroxyphenylalanine, 126-5%,: 
m-hydroxyphenylalanine, 123-5%; tryptophan, 84:7% (Folin and 
Ciocalteu give 84:3%). 

The following acids gave no colour with this reagent: cystine, 
glycine, phenylalanine, alanine. These results seem to suggest that 
a benzene nucleus together with some substituent other than an 
_‘ alanine ” side-chain is necessary for the development of a colour 
with Folin’s phenol reagent. 


We wish to record our thanks to the Chemical Society for a grant 
which partly defrayed the cost of this investigation. 


THe Grammar ScHOOL, i THe University, LEEps. 
WATFORD. [Received, April 29th, 1929.] 





CXCIV.—The Production of Kojic Acid from Pentoses 
by Aspergillus oryze. 


By FREDERICK CHALLENGER, Louis KiEtn, and THomas KENNEDY 
WALKER. 


Kosice acid (II) was obtained by Yabuta (J., 1924, 125, 575; 8th 
Int. Congr. Appl. Chem. Appendix, 1912, 25, 455) from cultures of 
Aspergillus oryze on steamed rice and on sugars. A. albus, A. can- 
didus and A. nidulans also form this acid. Traetta-Mosca (Ann. 
Chim. appl., 1914, I, 477; Gazzetta, 1921, 54, ii, 269) observed its 
formation from glycerol and from sucrose, glucose, and levulose by 
means of A. glaucus, and since then it has been obtained by several 
workers. There is some evidence that kojic acid is produced in 
traces by A. niger, since cultures of this mould on Raulin’s sugar 
medium, when free from iron, occasionally give a red colour on 
addition of a ferric salt (Sauton, Compt. rend., 1910, 151, 241; 
Javillier and Sauton, ibid., 1911, 153, 1177). Kinoshita (Acta 
Phytochim., 1927, 3, 31) studied the production of this acid from 
sugars and states that the use of cobaltammine salts as source of 
nitrogen greatly increased the yield, but that no kojic acid was 
obtained from levulose, J-arabinose, J-xylose, or rhamnoue under 
these conditions (see also Tamiya, Acta Phytochim., 1927, 3, 51; 
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1928, 4, 77). The non-formation from levulose is surprising in 
view of the results of Traetta-Mosca. The close structural relation 
of glucose (I) to kojic acid has been pointed out by Kinoshita (loc. 
cit.) and by Haworth (‘‘ Constitution of Sugars,” 1928, 38). Owing 
to the occurrence in nature of many other derivatives of 3-hydroxy- 
pyrone or 3-hydroxybenzopyrylium, e.g., maltol (V), meconic acid 
(VI), flavonols such as quercitin, and anthocyanins such as calli- 
stephin (Robertson and Robinson, J., 1928, 1460), attempts have 
peen made to obtain other simple 3-hydroxypyrones by fermentation 
of sugars. The synthesis of such compounds by fungi as well as by 
the higher plants certainly demands further investigation. 

Comparatively little information exists as to the effect of moulds 
on pentoses. Emmerling (Centr. Bakt., 1903, 10, 273) showed that 
arabinose and xylose are assimilated by A. niger, but that no oxalic 
acid is produced, a result confirmed by Peterson, Fred, and Schmidt 
(J. Biol. Chem., 1922, 54, 19), working with various Aspergilli and 
Penicillia, who found no alcohol, volatile acid, or citric acid. A 
small quantity of a non-volatile acid was extracted with ether, but 
not identified. Decomposition of the pentose was complete in 
45 days in 4% solution, and 88—98% of the total carbon consumed 
was recovered as carbon dioxide and mycelium. 

Arguing from the behaviour of glucose, arabinose (III) might be 
expected to yield pyromeconic acid es with A. oryze. 
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The mould (Aspergillus oryze diastase) grew well on this pentose 
and the cultures in 3 days gave the deep red colour with ferric 
chloride characteristic of 3-hydroxypyrones, but no trace of pyro- 
meconic acid could be isolated. Extraction of the cultures with 
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ether gave kojic acid, identified by analysis, m. p. and mixed m. p. 
and by conversion into its diacetyl derivative. The re-sterilised 
culture again gave kojic acid on inoculation. The arabinose was 
the purest obtainable, and from its rotation could not have con. 
tained more than traces of hexoses. To remove all doubt as to 
the origin of the kojic acid, a considerable quantity of arabinose 
was converted into the diphenylhydrazone, which was recrystallised, 
and the arabinose regenerated by formaldehyde. The highly 
purified pentose again gave kojic acid in 3 days with A. oryze. 
The non-formation of pyromeconic acid is remarkable, since it is 
so closely related to arabinose, whereas the formation of kojic acid 
involves a breakdown of the pentose molecule and the synthesis of 
a 6-carbon compound. The mould would not grow upon pyro- 
meconic acid, and the toxic action of this compound may explain 
the preferential formation of kojic acid, on which the mould grows 
well, 

Kojic acid is also readily produced from carefully purified xylose 
(VII) by A. oryzae. The mould grows well on glycuronic acid 
(VIII), but neither comenic acid (IX) nor kojic acid nor any 
hydroxypyrone derivative could be detected. Comenic acid is also 
toxic to A. oryze, earlier attempts to grow a strain of A. oryze 
differing slightly from A. oryze diastase on this acid having failed. 
Its formation was therefore scarcely to be expected, but it is some- 
what surprising that decarboxylation to xylose and subsequent 
formation of kojic acid did not occur. Glycuronic acid is converted 
into l-xylose by a mixture of putrefactive bacteria (Salkowski 
and Neuberg, Z. physiol. Chem., 1902, 36, 261). 

The production in this research of a 6-carbon compound by fer- 
mentation of pentoses finds a parallel in the observation of Amelung 
(Z. physiol. Chem., 1927, 166, 161), who showed that citric acid is 
produced when A. niger grows on arabinose and xylose, 10 g. of 
each sugar giving respectively 1-2 and 2-05 g. of citric acid, whereas 
glucose gave 3-63 g. These results were confirmed by Bernhauer 
(Biochem. Z., 1928, 197, 309), who obtained from arabinose, xylose, 
and glucose with A. niger, in presence of calcium carbonate, yields of 
citric acid of 5-4, 12-0 and 24.6%. Butkewitsch (ibid., 1923, 142, 
195) also obtained citric acid from arabinose. 

Peterson, Fred, and Schmidt (J. Biol. Chem., 1924, 60, 627) find 
that B. granulobacter pectinovorum, which produces acetone and 
butyl alcohol from glucose, gives the same products in almost the 
same proportion from xylose and arabinose, although the rate of 
fermentation is somewhat slower. Further evidence of the break- 
down of pentoses to 3-carbon compounds is furnished by the 
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fermentation of J-xylose, but not of arabinose, to propionic and 
acetic acids (Virtanen, J. Soc. Chem. Ind., 1924, 6878), and xylose 
was shown by Grimbert (Bull. Soc. chim., 1896, 15, 340) to be 
converted into alcohol, acetic acid and succinic acid by the pneu- 
mococcus of Friedlander. 


EXPERIMENTAL. 


The mould employed in this research was Aspergillus oryze 
diastase obtained through the courtesy of Professor C. Neuberg of 
Berlin-Dahlem. It was maintained in a young and vigorous con- 
dition by sub-culturing from time to time on solid agar slopes 
having the composition: maltose 4 g., peptone 1 g., agar 1-5 g., 
water 100 c.c., N-hydrochloric acid 2 c.c. The kojic acid used for 
comparison was kindly supplied by Messrs. Nobel, Ardeer. 

The liquid medium of Kinoshita (loc. cit.), hereafter designated 
medium K, was used in most of the experiments and contained 
potassium dihydrogen phosphate 0-1 g., magnesium sulphate 0-05 g., 
and ammonium nitrate 0-04 g., in 100 c.c. of water. When A. oryze 
diastase was grown on this medium containing glucose, pentoses or 
glycuronic acid, the mycelium was at first white and after 2—3 days 
formed yellowish-green spores. 

A morphological description of this strain of A. oryze will be 
published in a later communication. 

The fermentations were conducted in tubes, or in flasks fitted 
with tubes for the aseptic removal of specimens of the cultures, an<{ 
the media were sterilised at 95—100° on three successive days prior 
to inoculation. The results were checked by control experiments 
on the uninoculated media. 

Fermentation of Arabinose.—Experiment 1. The pentose (2-5 g.), 
obtained from the British Drug Houses, dissolved in 30 c.c. of 
medium K was divided among seven tubes, simultaneously inocul- 
ated with A. oryze diastase, and incubated at 31—32°. On the 
fifth day a tube gave a cherry-red colour with ferric chloride, which 
was also observed in another tube on the tenth day. This was 
shown later to be due to kojic acid. Solutions of arabinose give no 
colour with ferric chloride. 

Experiment 2. A solution was prepared containing arabinose 6 g., 
potassium dihydrogen phosphate 0-075 g., magnesium sulphate 
0-038 g., and water 75 c.c. Three small tubes, each containing 
5 c.c. and a trace of ammonium nitrate, were sterilised, inoculated, 
and incubated as before, giving a good growth after 3 days. The 
remaining 60 c.c. were sterilised and treated with 0-36 g. of aquo- 
pentamminecobaltic chloride, [Co(NH,);H,O]Cl,, which had been 
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sterilised dry at 100° for 1 hour. The clear solution was then 
inoculated with the contents of the three tubes and incubated at 
31—32°. There was a good growth on the third day and on the 
seventh day ferric chloride gave a faint red colour with a test. 
portion aseptically removed. A similar test gave a somewhat 
deeper colour on the eleventh day, but fainter than in experiment |, 
On the sixteenth day the culture was filtered, the mycelium well 
washed, and the solution and washings repeatedly extracted with 
ether, giving 0-03 g. of a colourless crystalline solid. After draining 
on tile and being washed with ether, this melted at 148—149° alone 
and at 150—151° in admixture with kojic acid (m. p. 154°). It 
gave the ferric chloride reaction. The use of cobaltammine salt 
did not appear, from this single experiment, to present any advantage 
over ammonium nitrate. Further tests were not made. 

Experiment 3. Pure arabinose obtained from Kerfoot & Co., 
Bardsley Vale, had [a], +103-2° and m. p. 149—150°. The 
recorded values (Beilstein, ‘‘ Organische Chemie,” 4th edn., vol. 1, 
p. 861) range from [a], + 104-4° to +105-4°, and 158-5—159-5° 
(corr.) is given as the m. p. The pentose (30 g.), in 300 c.c. of 
medium K, was divided between two small tubes containing 5 c.c., 
four larger tubes containing 10 c.c., and two litre conical flasks each 
containing 125 c.c. All were sterilised and the four larger tubes 
inoculated and incubated at 31—32°. A three days’ growth was 
used to inoculate the two flasks and the two test-tubes, which were 
similarly incubated. The ferric chloride test was positive in the 
two indicator tubes on the sixth and eighth days, and accordingly 
on the eighth day the contents of the flasks were continuously 
extracted with ether, yielding 0-75 g. of almost pure kojic acid 
which, after crystallisation from alcohol, melted at 154°, alone or 
in admixture with kojic acid (Found: C, 50-8; H, 4:2. Calec.: 
C, 50-7; H, 4:2%). It was converted into the diacetyl derivative 
by boiling for 15 minutes with acetic anhydride and anhydrous 
sodium acetate; m. p. and mixed ‘m. p. 101—102°. Yabuta 
(J. Chem. Soc. Tokyo, 1916, 37, 1185, 1234; A., 1922, i, 939) gives 
102°. 

The aqueous arabinose culture, which now gave only a very 
faint ferric chloride test, was concentrated in a vacuum to remove 
ether, and diluted to 150 c.c., of which 100 c.c. were placed in a 
flask and the remainder in ten tubes and sterilised as usual. Two 
of the tubes were again inoculated and the flask and five of the 
tubes were seeded with the resulting four days’ growth. The 
mould grew fairly well and on the tenth day one of the tubes gave a 
ferric chloride reaction much stronger than that given by the three 
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remaining tubes, which had not been re-inoculated and served as 
controls. On the twelfth day continuous extraction of the flask 
culture with ether yielded a further 0-12 g. of kojic acid. This 
renders it extremely improbable that the kojic acid could have 
arisen from traces of hexose in the arabinose employed (see also 
p. 1504), since this if present should have been exhausted during the 
first fermentation. 

Experiment 4. Purification of arabinose. In order to place the 
pentose origin of the kojic acid beyond all doubt, Kerfoot’s arabinose 
(92 g.) was converted into the very sparingly soluble diphenyl- 
hydrazone (Neuberg and Wohlgemuth, Z. physiol. Chem., 1902, 
35, 34)—-a method which is recommended for removing hexoses. 
This was washed with alcohol and twice recrystallised from much 
dilute aleohol; it was then obtained perfectly white and of constant 
m. p. 205° (compare Muther and Tollens, Ber., 1904, 37, 312; 
Tollens and Maurenbrecher, Ber., 1905, 38, 500). The hydrolysis 
of 15 g. of the diphenylhydrazone was effected by heating with 
freshly distilled formaldehyde during 9 hours (Ruff and Ollendorff, 
Ber., 1899, 32, 3234). The mixture was extracted with ether to 
remove formaldehydediphenylhydrazone and evaporated repeatedly 
with water to expel formaldehyde. The liquid was then concen- 
trated to a syrup, which crystallised on being seeded with pure 
arabinose and kept in a vacuum desiccator for a few days. The 
solid was rubbed with methyl] alcohol and washed with 95% alcohol ; 
it was then colourless and melted at 158—160°. The arabinose, 
when finally recrystallised from 90% alcohol, was unchanged in 
m. p. and had [a] + 104-5°. The purification had therefore 
increased the rotation by about 1%. 

Fermentation of the purified arabinose. The pure pentose (3-5 g., 
corresponding to 9-2 g. of the original arabinose) was dissolved in 
35 c.c. of medium K and divided between eight test-tubes, which 
were sterilised, inoculated, and incubated at 31—32°. On the 
seventh day the filtered mycelium was well washed with hot water, 
and the filtrate and washings were continuously extracted with 
ether, giving 0-05 g. of kojic acid, m. p. 152—153°, and 153—154° 
in admixture with an authentic specimen (m. p. 154°). After 
recrystallisation from alcohol the m. p. and mixed m. p. were 154°. 
The extracted culture was almost neutral to litmus. 

Fermentation of Xylose—Ezxperiment 5. The mould was grown 
under the usual conditions on a solution, prepared from 5 g. of 
xylose (British Drug Houses) in 50 c.c. of medium K, divided 
among 11 tubes. The ferric chloride test was positive on the third 
day, and on the seventh day eight of the tubes were treated as 
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before, yielding 0-2 g. of kojic acid, m. p. 151—152°, and m. p. anj 
mixed m. p. on recrystallisation, 154°. 

Experiment 6. 10G. of xylose, having [«]p + 18-8° and m. », 
151—153° (Beilstein, op. cit., gives + 18-6°, + 19-22°, + 19-67° 
and for the m. p. 143°, 144—145° and 153—154°), in 100 c.c. of 
medium K were similarly fermented for 16 days. The usual 
treatment yielded 0-21 g. of kojic acid (m. p. and mixed m. p. 154° 
on recrystallisation), a much poorer yield than was obtained in 
experiment 5. This may be due to the fermentation having been 
allowed to proceed too far. The kojic acid was further identified as 
the diacetyl derivative, m. p. and mixed m. p. 101—102°. 

Concentration of the extracted culture in a vacuum, dilution, and 
re-inoculation gave only a very poor growth and a faint ferric 
chloride reaction after 6 weeks. Citric and oxalic acids were absent 
and apparently carbonyl derivatives also, since 2 : 4-dinitrophenyl- 
hydrazine gave no precipitate. The solution may have contained 
products derived from the ether which hindered growth, or more 
probably most of the xylose was oxidised during the sixteen days 
of the first cultivation. The rapid oxidation of pentoses by moulds 
has been already mentioned (p. 1499). 

Experiment7. About 30g. of xylose (B.D.H.) were twice recrystal- 
lised from 90% alcohol, about 8 g. being finally obtained having 
[a] -+- 20-1°. 8 G. of this product in 80 c.c. of medium K in eight 
tubes were sterilised, inoculated, and incubated for 8 days and 
kojic acid (0-3 g.) was obtained as usual, m. p. and mixed m. p. 154°. 
The diacetyl derivative after crystallisation from alcohol had m. p. 
and mixed m. p. 101—102°. The extracted culture was only very 
faintly acid to litmus, contained no oxalic or citric acid, and gave 
no precipitate with dinitrophenylhydrazine. 

A further 8 g. of the same B.D.H. xylose were successively 
recrystallised from 50, 70 and 90% alcohol, giving finally 0-7 g. ofa 
specimen which, when sterilised and inoculated as usual, gave the 
ferric chloride test on the third day. — 

Fermentation of Glucose.—Experiment 8. In view of the relatively 
small yields of kojic acid obtained.from the pentoses an experiment 
was made to determine the amount obtainable from glucose by the 
strain of A. oryze used in this research. 

A solution of 25 g. of glucose in 250 c.c. of medium K was sterilised, 
inoculated, and fermented for 7 days. Continuous ether-extraction 
gave 0:95 g. of kojic acid, m. p. 151—152° (crude) and m. p. and 
mixed m. p. after recrystallisation from alcohol 154°., The yield 
was therefore comparable with that obtained from the pentoses and 
affords further evidence that traces of hexoses in arabinose and 
xylose are not responsible for the production of kojic acid. 
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The yields of kojic acid obtained in the foregoing experiments 
are tabulated below, being calculated on 100 g. of the sugar : 


Expt. Sugar. Incubation. Yield. 
3 Arabinose 8 days 2-5 g. 
2? 7 1-4 
Xylose 7 : 
BN 16 


Glucose 


Negatiwe Results of Fermentation Experiments.—No growth of 
A. oryze diastase took place on a 1% solution of pyromeconic acid 
in medium K even after 30 days at 31—32°. 

The same mould grew well in 3 days on a 1% solution of glycurono- 
lactone in medium K. The ferric chloride test was negative even at 
27 days. Tests for citric and oxalic acids were also negative. 

A fair growth of the same mould occurred on a 2% potassium 
hydrogen adipate solution in medium K. Tests for kojic and citric 
acids were negative up to the sixteenth day. 

Another strain of A. oryze kindly supplied by Dr. Schoen of the 
Pasteur Institute refused to grow on 1% solutions of dimethyl- 
pyrone or of sodium comenate in Molliard’s medium (see J., 1927, 
202). 


The cost of this investigation has been in part defrayed by a 
grant from the Government Grant Committee of the Royal Society. 
The Department of Scientific and Industrial Research has made 
grants for the development of the research which have secured the 
participation of one of the authors (L. K.). To both of these 
bodies the authors wish to express their thanks. 
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CXCV.—Cobalt with a Covalency of Four: A New 
Series of Complex Compounds. 


By EpmunpD GrEorGE VINCENT ParctvaL and WitLiIsAM WaRDLAW. 


Ir is well known that a red aqueous solution of cobaltous chloride 
turns blue on the addition of concentrated hydrochloric acid or a 
concentrated solution of an alkali or alkaline-earth chloride. On 
the other hand, the blue alcoholic solution of cobaltous chloride 
becomes red when mercuric chloride or zinc chloride is added. Of 
the theories put forward to account for these striking colour changes, 
none has received greater attention than that of Donnan and 
Bassett (J., 1902, 841, 939), who concluded from the colour move- 
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ment in their electrolytic experiments and from other physico. 
chemical data ‘‘ that it appears highly probable that the blue colour 
is largely due to complexes such as CoC,” and CoCl,’.” But they 
continue: ‘‘ On the other hand, the colour due to the cobalt atom 
when outside the immediate sphere of the chlorine atoms appears to 
be red. Thus the colour produced by the free cobalt kation in 
2.,ueous solution is red whilst the red colour of the solid hexahydrate 
is doubtless due to the fact that the water molecules intervene 
between the cobalt and chlorine atoms. The colours exhibited by 
the complex chlorides admit of a simple explanation from this point 
of view. Thus owing to the greater tendency of zinc to form 
negative complex groups the zinc double chloride will have the 
constitution Co[ZnCl,] whilst the calcium double chloride will have 
the constitution Ca[CoCl,] since cobalt has a greater tendency to 
form negative complexes than calcium. In agreement with this 
the former double salt is red whilst the latter is blue.” 

Corroborative evidence for these views has been furnished by 
various investigators, e.g., Denham (Z. physikal. Chem., 1909, 65, 
641) and Howell (J., 1927, 158, 2039, 2843; this vol., p. 162). 

In a recent communication, Groh and Schmid (Z. anorg. Chem., 
1927, 162, 326) state that their physicochemical experiments 
indicate that cobalt chloride in acetone or propyl alcohol does not 
form, with lithium chloride or calcium chloride, a series of com- 
plex ions but only one, viz., CoCl,”. Nevertheless, certain workers 
have doubted the existence of such complex ions (Kotschubei, 
J. Russ. Phys. Chem. Soc., 1914, 46, 1055; Hantzsch, Z. anorg. 
Chem., 1927, 159, 273; 166, 237), and it is not without interest to 
find that evidence from phase-rule investigations is opposed to the 
idea of complex-ion formation. 

For instance, Mazzetti (Gazzetta, 1926, 56, 601) had shown that 
for the systems NaCl, KCl, or BaCl,—CoCl,-H,O no double salts 
are formed which can exist in equilibrium with their saturated 
aqueous solutions at 20°, and Foote (Amer. J. Sci., 1927, 13, 158) 
has confirmed this conclusion for sodium and potassium chlorides 
in systems at 25°. Benrath (Z. anorg. Chem., 1927, 163, 396), 
dealing with the equilibria in the ternary systems CoCl,—MCI (or 
MCI,)-H,O at 25°, concludes from his own results and those of 
Mazzetti and Foote that the blue colour of cobalt solutions contain- 
ing chlorides of sodium, potassium, ammonium, or alkaline-earth 
metals ‘‘ is not in most cases due to double salt formation.” 

The double salts which have so far been isolated with certainty 
from solutions of cobaltous chlorides are very limited in number 
and give no clear indication as to whether the complex anion 
CoCl,” exists. For example, the blue lithium salt has the com- 
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position CoCl,,4LiCl,10H,O, and the red compounds the formule 
2ZnCl,,CoCl,,12H,O and 2CdCl,,CoCl,,12H,O (Benrath, loc. cit.). 
Ferrari (Atti R. Accad. Lincei, 1928, 7, 848) has shown, however, 
that the melting-point curve for mixtures of lithium and cobalt 
chlorides shows a maximum corresponding to the formation of the 
double salt 2LiCI,CoCl,. 

Definite evidence that the complex ion CoX,’’ does exist has now 
been obtained by the isolation of crystalline compounds of the type 
R,[CoCl,], R,[CoBr,], R,[Col,], where R = C;H,N, C,H,N, and 
CioHyoN. These substances have been isolated in most cases by the 
addition of the appropriate base to a solution of the cobalt halide 
in concentrated hydrochloric, hydrobromic, or hydriodic acid. It 
was also possible to prepare the complex chlorides by the addition 
of the appropriate organic hydrochloride to an alcoholic solution of 
cobaltous chloride. 

Evidence has been obtained by physicochemical measurements 
that these salts are definitely complex salts of the type indicated 
above, and not merely crystalline aggregates of simple salt mole- 
cules. It seems reasonable to conclude, therefore, that complex 
ions of the type CoX,”’ do exist in the blue solutions which cobalt 
halides form in alcohol or concentrated halogen acids, and that by 
double decomposition the new salts are precipitated in accordance 
with the equations 


Co[CoX,] + 2RX = R,[CoX,] + CoX,, 
H,[CoX,] + 2RX = R,{CoX], + 2HX. 


EXPERIMENTAL. 
Salts of the Type R,CoC],. 


Diquinolinium Cobaltous Chloride—To a cold saturated solution 
of cobalt chioride (5 g., dried at 140°) in absolute alcohol (50 c.c.) 
saturated with hydrogen chloride, quinoline (10 g.) was added in 
portions with constant stirring and cooling. The small, bright blue 
crystals, which separated in excellent yield, were washed with 
alcohol to remove cobaltous chloride and acid, and dried in a vacuum 
over phosphoric oxide, sodium hydroxide, and calcium chloride ; 
they could be recrystallised from boiling alcohol without change in 
composition in blue irregular leaflets, m. p. 170—171° [Found : 
Co, 12-8; Cl, 30-6; C, 46-2; H, 3:7; N, 61. (C,H,N),CoCl, 
requires Co, 12-8; Cl, 30-8; C, 46-9; H, 3-5; N, 61%]. This 
compound can also be prepared by the addition of quinoline hydro- 
chloride to a saturated solution of cobaltous chloride in alcohol. 

A third method of preparation, carried out as follows, resulted in 
the isolation of the monohydrate. Toasaturated solution of cobalt 
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chloride (10 g.) in hydrochloric acid (75 c.c.; d 1-16), quinoline (20g) 
was added slowly with constant stirring and cooling; the blue 
crystals, which separated in excellent yield, were washed and dried as 
before [Found: Co, 12-3; Cl, 29-6; C, 45-4; H, 3-8; N, 5-9, 
(C,H,N),CoCl,,H,O requires Co, 12-3; Cl, 29-6; C, 45-1; H, 3-7; N, 
5-8%]. Recrystallisation from hot alcohol yielded the anhydrous 
compound. 

Analysis. The cobalt was estimated as the anhydrous sulphate 
by gentle ignition of the substance first alone and then with con. 
centrated nitric and sulphuric acids in an air-bath of which the 
temperature was gradually raised to ca. 400°; when the conditions 
are standardised, this method proves both convenient and accurate 
and preferable to the determination by the phosphate method, 
which gives, as various investigators have found, low results. 
Chlorine was estimated gravimetrically in the usual way. 

Dipyridinium Cobaltous Chloride—TVhe quinoline in the first 
preparation above was replaced by pyridine (7 g.), and a good yield 
was obtained of small blue crystals, which when washed and dried 
as before had m. p. 169—170°. The salt can be recrystallised from 
alcohol in blue needles without change in composition [Found: 
Co, 16:3; Cl, 39-2; C, 32:9; H, 3:5; N, 7-8. (C,;H,N),CoCl, 
requires Co, 16-3; Cl, 39:3; C, 33-2; H, 3:3; N, 7-8%]. This 
pyridinium salt cannot be isolated from hydrochloric acid solution 
by the method described for the quinolinium derivative. 

Diquinaldinium Cobalious Chloride——This compound, m. p. 
239—240°, was obtained as a light blue, crystalline precipitate by 
substituting quinaldine (5 g.) for pyridine in the above preparation 
{[Found: Co, 12:2; Cl, 290; C, 49-2; H, 42; N, 57. 
(C, 9H, )N),CoCl, requires Co, 12-1; Cl, 29-0; C, 49-1; H, 41; 
N, 5:7%]. 

General Properties.—All the blue salts described above are readily 
soluble in water, giving red solutions containing the cobaltous ion. 
Cold alcohol dissolves the compounds to a small extent, and the 
diquinolinium and dipyridinium salts readily dissolve in hot alcohol 
and may be recrystallised from the blue solutions. The diquin- 
aldinium compound is only slightly soluble in hot alcohol. The 
anhydrous compounds soften slightly within 10° of their m. p.’s. 

Through the kindness of Professor 8S. W. J. Smith, a determination 
of the magnetism of the pyridinium derivative has been made, 
a provisional estimate of its paramagnetism by Miss M. Rider 
giving the value 37-5 x 10-6 for its susceptibility. 

Diquinolinium Cobaltous Bromide—Quinoline (10 g.) was added 
in portions to a cold saturated solution of cobalt bromide (5 g.) in 
35 c.c. of hydrobromic acid (d 1-5). The bluish-green crystalline 
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precipitate, when washed with alcohol and dried in a vacuum as 
before, had m. p. 164—165° [Found : Co, 9-2; Br, 50-2; C, 33-7; 
H, 2:7; N, 43. (C,H,N),CoBr, requires Co, 9-2; Br, 50-1; C, 
33:8; H, 2-5; N, 4-4%]. 

Dipyridinium Cobaltous Bromide——To a cold saturated solution 
of cobalt bromide (5 g.) in fuming hydrobromic acid (25 c.c.; 
d 1-7), pyridine (7 g.) was added slowly with constant stirring and 
cooling. The greenish-blue crystalline precipitate which separated 
was washed with alcohol and dried as previously described; m. p. 
165—166° [Found : Co, 10-8; Br, 59-1; C, 22:3; H, 2:3; N, 5-2. 
(C;H,.N),CoBr, requires Co, 10-9; Br, 59-3; C, 22:3; H, 2-2; 
N, 52%). 

Diquinaldinium Cobaltous Bromide.—This compound was obtained 
as a greenish-blue precipitate by the interaction of quinaldine (2 g.) 
with a saturated solution of cobaltous bromide (2 g.) in hydrobromic 
acid (15 c.c.; d 1-5); when washed and dried in the usual way it had 
m. p. 231—232° [Found: Co, 8-8; Br, 48-0; C, 35-6; H, 3-0; 
N, 4:2. (Cy 9H,)N),.CoBr, requires Co, 8-8; Br, 48-0; C, 36-0; 
A H,3-0; N, 42%]. 

General Properties——The new complex bromides are all very 
soluble in water, giving red solutions. They are appreciably soluble 
in cold alcohol, and the diquinolinium and dipyridinium derivatives 
readily dissolve in hot alcohol, producing blue solutions from which 
they can be recrystallised. Moreover, the diquinaldinium salt is 
sufficiently soluble in hot alcohol to be recrystallised from this solvent. 

Diquinolinium Cobaltous Iodide. —To 50 c.c. of a cold solution of 
cobalt carbonate (10 g.) in hydriodic acid (50 c.c.; d 1-7), quinoline 
(8 g.) was added slowly with shaking and cooling. The green 
crystalline precipitate which separated in excellent yield was washed 
first with dry ether, then with dry alcohol, and dried in a vacuum as 
before; m. p. 156—157° [Found : Co, 7-1; I, 61-3; C, 26-1; H, 1-9; 
N, 3-4. (CgH,N).Col, requires Co, 7-1; I, 61-4; C, 26-1; H, 1-9; 
N, 34%]. The compound is very soluble in water, giving a red 
solution, and forms a green solution in ethyl alcohol. 

Cobaltous Iodide Dipyridine-—To 40 c.c. of a cold solution of 
cobalt carbonate (10 g.) in hydriodic acid (40c.c.; d 1-7), 20 c.c. of 
pyridine were added at once. The blue product which separated 
in good yield was treated as described above; m. p. 196—197° 
[Found : Co, 12-5; I, 53-8; C, 25-4; H, 2-1; N, 5-9. Co(C;H,;N),I, 
requires Co, 12-5; I, 53-9; C, 25-5; H, 2-1; N, 5-9%]. 


Physicochemical Measurements. 


Although the new substances give aqueous solutions which are 
ted and obviously contain the cobaltous ion, thus indicating dis- 
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sociation of the salts into their components 2RX and CoXg, never. 
theless this does not necessarily invalidate the idea that they are 
complex salts of the type R,[CoX,] (compare Sidgwick, “‘ Electronic 
Theory of Valency,” p. 118). The immediate precipitation of the 
salts from solutions in which the components are extremely soluble 
is highly suggestive of the formation of complex compounds, but 
evidence that this assumption is justified has been obtained from 
determinations of their molecular weights in alcohol, and their 
molecular conductivities in the same solvent. 

Molecular Weights by the Ebullioscopic Method.—The ethy] alcohol 
used as solvent was prepared from commercial absolute alcohol by 
refluxing it for 4 hours over barium oxide, distilling the alcohol, 
and repeating the operation. The product was then twice refluxed 
over calcium turnings and distilled. The molecular weights of the 
quinaldinium derivatives could not be determined owing to their 
low solubility in alcohol even at the boiling point. 

The Landsberger—McCoy apparatus was used in these experiments. 
A denotes the elevation of b. p., M the apparent molecular weight, 
and f the osmotic factor. 


Weight of 
substance, g. Volume, c.c. A. M. 


Diquinolinium cobaltous chloride. 
0-3654 23-6 0-135° 179 
0-6636 29-6 0-200 175 
0-8892 33-2 0-240 174 


Dipyridinium cobalious chloride. 
0-5770 26-4 0-210 162 
0-6348 27-0 0-220 167 
0-8062 33-0 0-225 169 
Diquinolinium cobaltous bromide. 
0-4807 22-0 0-156 218 
0-6619 24-4 0-194 218 
0-9803 29-0 0-240 220 
Dipyridinium cobaltous bromide. 
0-3018 18-0 0-110 238 
0-9844 23-2 0-280 236 
1-6710 30-1 0-356 243 
Quinolinium chloride. 


0-2932 21-6 0-130 163 
0-9254 28-0 0-330 156 
1-374 33-0 0-410 158 


The figures for quinolinium chloride are quoted for the purpose of 
comparison. The hemihydrate, m. p. 93°, was prepared by passing 
dry hydrogen chloride into an ethereal solution of quinoline. The 
anhydrous salt, m. p. 133°, was made from this by heating it in 4 
vacuum over concentrated sulphuric acid at 110°. 
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Numerous anomalies exist in the molecular weights of electrolytes 
dissolved in solvents of low dielectric constant (compare Turner, 
J., 1914, 105, 1751, 1777, 1786), and it is not easy to draw definite 
conclusions from such data as to the number of ions given by a 
complex salt. Yet the values obtained for the apparent molecular 
weights seem effectively to dispose of the idea that the compounds 
are double salts of the constitution 2RX,CoX,; for the maximum 
value for the apparent molecular weight of such a compound would 
be one-third of the calculated value, since both quinolinium chloride 
and cobaltous chloride (Donnan and Bassett, loc. cit.) give normal 
molecular weights under the same conditions. 

In all the cases investigated, the osmotic factor is between 2 and 
3, indicating that the salts are ternary electrolytes of the type 
R,[CoX,] which have undergone incomplete ionisation at the 
concentrations investigated. 

Molecular Conductivity Determinations.—Although determinations 
of molecular conductivities in alcohol are subject to errors that are 
absent in the case of an aqueous solution (Partington, J., 1911, 99, 
1938), and require cautious interpretation, yet the results obtained 
for the new compounds give substantial support to the conclusions 
so clearly indicated from the molecular-weight data. The following 
results were obtained at 18°; the alcohol used was prepared as 


described above and had a specific conductivity of ca. 10-7 mho. 
Dilutions (v) are given in litres per mol. 


Diquinolinium cobaltous chloride. 
58-6 78-7 = 117-2: 74 
29°9 30-2 31-2 30-8 
Dipyridinium cobaltous chloride. 
754 1222 1508 244-4 
33°0 38-0 38-0 43-2 
Diquinolinium cobaltous bromide. 
53-7 80-6 107-4 214-8 
35-4 37-7 39-9 41-0 
Dipyridinium cobalious bromide. 
85:8 87-2 174-4 348-8 
42-6 43-3 45-4 49-0 
Quinolinium chloride. 
35-9 49-5 71-6 99-0 143-2 
17-0 17-2 18-2 17-4 17:3 
If the new substances are double salts of the type 2RX,CoX,, the 
molecular conductivity of the diquinolinium chloride should approxi- 
mate to 53-4 when v = 161-4, as shown by consideration of the results 
of Rimbach and Weitzel (Z. physikal. Chem., 1912, '79, 279) for the 
molecular conductivity of cobaltous'chloride in ethyl alcohol at 18° 
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(u = 18-4 for v = 161-4) and the results recorded above for quinolin. 
ium chloride (u = 17-5 for v = 80-7). The experimental value for 
diquinolinium cobaltous chloride gives 1 = 31 when v = 161-4, and 
it does not seem unjustifiable to deduce that this low value is the 
result of the presence of a complex ion, and is not merely the 
operation of the law of mass action. 

The Influence of a Slight Trace of Copper or Iron on Blue Cobaltous 
Chloride Solutions.—In the course of this work it was found that a 
small quantity of copper chloride or ferric chloride in hydrochloric 
acid or alcohol caused immediately a colour change of the blue 
cobaltous solutions to green. No other metallic chlorides gave this 
effect. By the addition of quinoline or pyridine to this green 
solution, a green salt was obtained in which copper could not be 
detected by the usual analytical reagents, and its presence was 
only proved by the flame test. The analytical figures and melting 
points were identical with those of the blue salts R,[CoCl,]. 

This production of a green compound was found to be due to the 
fact that the corresponding copper compound, (C,H,N),CuCl,, is 
bright yellow, and when less than 1% of this yellow compound was 
ground up with the blue diquinolinium salt in the presence of chloro- 
form, a bright green product of the same melting point as the blue 
salt was obtained in which copper could only be detected by 
examination of the flame. 

Evidently the formation of a green solution by the addition of 
iron and copper salts to the blue cobaltous chloride solution is the 
result of mixing the blue and yellowish-brown solutions, although 
the small quantity of the latter required seems very remarkable. 


The authors wish to express their thanks for the award of a 
Priestley Scholarship to one of them (E. G. V. P.), and to the 
Chemical Society for a grant in aid of this investigation. 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. . [Received, April 4th, 1929.] 





CXCVI.—The Isomerism of Derivatives of 2-Phenyl- 
naphthylene-1 : 3-diamine. 
By Mary. SterHEeN Lesstre and Evstacr EBENEZER TURNER. 


In 1907, Lees and Thorpe (J., 91, 1282) found that N N’-dimethyl- 
2-phenylnaphthylene-1 : 3-diamine (as II) existed in two forms, 
although they did not attempt to explain the isomerism. More 
recently (J., 1928, 2131) Gibson, Kentish, and Simonsen have 
extended the older work and have suggested an explanation of the 
isomerism on novel stereochemical grounds. 
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A consideration of the work of Lees and Thorpe (loc. cit.) shows, 
however, that the «- and $-bases are almost certainly structural 
isomerides. 2-Phenylnaphthylene-1 : 3-diamine (IJ) was obtained 
by these authors from {-imino-«-cyano-wy-diphenylpropane (I) : 


2 


It seems it “te er, that (IIL) would first be formed, and, 
according to the conditions to which it was submitted, could exhibit 
the characteristics of one or more of the tautomeric forms (Il), 
(III), (IV) or (V): 
CNH C-NH, C-NH, 
HPh \oph One 
“NH Mi NH \e 
H, 
(III.) ae y (Vv. 4 wit ) 
Form (VI) need not be considered, since fused systems of this type 
appear generally to avoid a single bond fusion. 

If (III), (IV) and (V) are probable tautomeric forms of (II), the 
diamine might under certain conditions exhibit reactions corre- 
sponding to one or other of them. Lees and Thorpe actually found 
that the diamine could be converted into a monohydrochloride 
which, when heated under pressure in aqueous solution, passed into 
l-amino-3-hydroxy-2-phenylnaphthalene (VII). This suggests that 
the monohydrochloride might be (VIII), corresponding to a 
“diamine ” of structure on Such a diamine might form only a 


CNH 


NH, 
OO OCB Oe 
H -NH,Cl ‘NHAc 
Vj 
G 


(VIL.) an ) (IX.) 


monoacetyl derivative, and Lees and Thorpe found that acetylation 
with acetic anhydride did in fact give the acetate of a monoacetyl 
derivative, which might therefore be (IX). It cannot be postulated 
that (IX), the tautomeric equilibrium of which must be different 
from that of the parent diamine, would not, under certain con- 
ditions, exhibit some of the properties of the tautomeric amino- 
compound, and, actually, Lees and Thorpe diazotised it and 
(l) warmed the resulting solution, obtaining 3-amino-1-hydroxy- 
2-phenylnaphthalene, and (2) added the solution to alkaline 6-naph- 
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thol: the acetyl-azo-compound obtained, when hydrolysed, gave 
red plates, m. p. 253°. 

Further, the diamine is diazotised once only, a further fact in 
favour of a structure such as (V), if it is remembered that in al] 
cases, although tautomeric change may appear to be possible, one 
form may under the given conditions predominate. The diazo. 
solution obtained coupled with alkaline 6-naphthol to give a com. 
pound which formed purple needles, m. p. 270°: this is probably 
(X), quite different from the above red azo-compound, which on the 
present view would be (XI). 


C:NH C-N,*C,,H,-OH 


HPh \\cPh 
X. (XI. 
= OK eatacon e¢ ONE: 
H H 


It is at any rate an incontrovertible fact that the diamine usually 
reacts not as (II), but rather as (V), under the conditions of the 
particular experiments carried out by Lees and Thorpe. Under 
different conditions, however, the diamine might be expected to 
behave as (IT) or as (IV), and in this suggestion appears to lies 
simple explanation of the isomerism of the «- and §-N N’-dimethy| 
bases. If it be assumed that under the conditions employed for 
preparing the «a-base, namely, cold alkaline methylation, the 
diamine behaves largely as (IV), whereas in the hot acid methylation 
giving the $-base it behaves as (II), then all the important known 
chemistry of the «- and 6-bases is explained by the following scheme: 


NH- 80s C,H, NH C-NH, 


2 
“Ce Ncph 
HH-80," C, i, H,<— 


H, 
NN’ cette # derivative | 


ON 


Bes NMe,_ . C-NHMe { Mono 


der | acyl 
deriv- }<— h <— * ‘Ph —>  deriv- 
arc} Me ey -NMe | 
poe 
Y 
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The probability of this explanation being correct is enhanced by 
the following considerations : 

(1) Neither the «- nor the $-base should be capable of optical 
resolution. Gibson, Kentish, and Simonsen obtained no evidence 
of resolvability, although they carried out much careful work. 

(2) The non-resolvability of the «-base suggests that the formula 

C°NMe 


assigned to it above is more correct than rt a (X11), 
\Z 
CH 
since a compound having this constitution should be resolvable. 

(3) The conditions under which the «-base is convertible into the 
tetramethyl base are precisely those which favour the formation 
of the $-type of structure. The «-base cannot be dimethylated 
under conditions favouring the «-type of structure. 

(4) The 8-base rapidly gives a dinitrosoamine, whereas the 
x-hase passes rapidly into a mononitrosoamine, which slowly passes 
into the dinitrosoamine of the 8-base (the identity of the dinitroso- 
amines is required by the present theory, and was first established 
by Gibson, Kentish, and Simonsen). As we are dealing with 
tautomeric substances, this slow conversion is particularly instruc- 
tive. cis-trans-Isomerism might explain why a mononitroso- 
derivative is formed, but it seems highly improbable that nitrous 
aid would be the only reagent effecting a conversion of a cis- into a 
frans-form. 

(5) The formation of monoacyl derivatives by the «-base and of 
diacyl derivatives by the $-base is readily understood on the present 
theory. 

Lees and Thorpe obtained fairly conclusive, though indirect, 
evidence that their monoacetyldiamine had the acetamido-group in 
position 3. The feasibility of the theory now put forward at first 
rested very largely on the correctness of this structure for the 
monoacetyl compound. We have, however, sought further evidence 
that 2-phenylnaphthylene-1 : 3-diamine can possess structure (V) 
under certain conditions. This structure contains an asymmetric 
carbon atom and a base of formula (V) should therefore be capable 
of optical resolution. We have succeeded in effecting the resolution. 
When an aqueous solution of the diamine (1 mol.) in d-camphor- 
sllphonic acid (2-2 mols.) was kept, d-2-phenylnaphthylene-1 : 3-di- 
amine dicamphorsulphonate, [a], + 40-5°, [M]}%, + 282-9°. (in 
ilcohol) separated, and by using the /-acid under precisely similar 
‘onditions the 1-base 1l-acid, having [«]%;, — 40-7°, [17 ]%%,, — 284-3°, 
vas obtained. The calculated specific rotations of the base in these 

3F 
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salts is + 19-2° and — 19-9°, respectively. When the d-salt wa 
treated with ammonia, a diamine was obtained with [«]%, + 144° 
(in alcohol). 

The only possible explanation of these results appears to be that 
the diamine is capable of existing as (V). 


EXPERIMENTAL. 


Preparation of 2-Phenylnaphthylene-1 : 3-diamine.—The succes 
of this preparation depends to a large extent on the purity of the 
phenylacetonitrile used. Purchased material was found to contain 
a considerable quantity of impurity, mainly benzyl alcohol and 
benzyl ethyl ether. The nitrile was conveniently obtained by a 
slight modification of the usual method: A mixture of 420 g. of 
benzyl chloride, 600 c.c. of rectified spirit, and 300 g. of commercial 
potassium cyanide (previously dissolved in 275 c.c. of hot water| 
was heated under reflux as usual. The greater part of the alcohol 
was then distilled off, the residue steam-distilled, the distillate 
extracted with carbon tetrachloride, and the extract dried over 
sodium sulphate, freed from solvent, and distilled through a column; 
250 g. of phenylacetonitrile, b. p. 234—235°, were obtained (yield, 
65%). 

The conversion of the nitrile into the diamine appears to be more 
rapid when the volume of xylene is somewhat reduced. When 
250 c.c. of xylene, 150 g. of phenylacetonitrile, and 15 g. of sodium 
were used, the reaction mixture became solid after 10 minutes’ 
heating on the water-bath. The product was worked up by the 
method of Lees and Thorpe, as modified by Gibson, Kentish, and 
Simonsen, and gave 38 g. of crude base, m. p. 107—110°. After one 
crystallisation from alcohol the base melted at 112-5—113-5°, and 
further crystallisation did not affect the m. p. (yield of pure base, 
35 g., t.€., 23%). 

Resolution of the Diamine—The diamine (2-3 g.; 1 mol.) was 
dissolved in a warm solution of 5-1 g. (2-2 mols.) of d-camphor- 
sulphonic acid in 80 c.c. of water. No solid was deposited on stand- 
ing, and the solution was therefore concentrated under reduced 
pressure to 30 c.c.; clumps of fine needles slowly separated (2-9 g.). 
This substance, d-2-phenylnaphthylene-1 : 3-diamine di-d-camphor- 
sulphonate, gave a2, + 0-948° (1 = 2; c = 1-1705), whence [«]*, = 
+ 40-5° and [M}%, = + 282-9° (Found: C, 61-9; H, 7-05. 
C3gH,gO,N.8, requires C, 61-8; H, 66%. 0-1 G. was equivalent 
to 14-3 c.c. of 0-0196N-barium hydroxide; calc., 14-6 c.c.). 

The salt (1 g.) was decomposed with dilute aqueous ammonia, and 
the product extracted with ether. The ethereal layer was washed 
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twice with ammonia and then yielded a base, m. p. 109—111°, 
with [a P%, + 14-8° (1 = 2; ¢ = 0°5070; 2%, + 0-15°). 

By using /-camphorsulphonic acid, 1-2-phenylnaphthylene-1 : 3-di- 
amine di-l-camphorsulphonate was obtained. It had [«]%;, — 40-7°, 
(Mp, — 284-3° (1 = 2; c = 1°2410; a3, — 1-01°) (0-1 G. required 
14-5 c.c. of 0-0196N-barium hydroxide). 

In order to prove that the rotation effects were not due merely 
to solvent (alcoholic diamine) action on the camphorsulphonic acids, 
| mol. of the diamine was dissolved in 2 mols. of d-camphorsulphonic 
acid in alcohol. The dissolved solids had [M}3%, + 237-2° (l= 1; 
c= 6-980; «2;, +2-362°), whereas the acid present would have 
[MB + 238°. 

When alcoholic solutions of the d-base d-acid or l-base l-acid 
are kept (e.g., in an observation tube), needles of a sparingly soluble 
salt are precipitated. Again, on one occasion, an evaporated solution 
of the diamine (11-5 g.) in 2 mols. of aqueous d-camphorsulphonic 
acid deposited a mixture. This was extracted with hot water, in 
which 1 g. was very sparingly soluble. Evaporation of the filtrate 
ina vacuum gave 1-1 + 2-4 + 3-2 g. in successive crops of sparingly 
soluble, small, rectangular crystals (0-1 G. required 14-1 c.c. of 
0-0196N-barium hydroxide, so the salt was a dicamphorsulphonate), 
and finally 1-5 + 4-0 g. of the fine needles of the d-base d-acid. 
Since the formation of these sparingly soluble compounds does not 
affect the interpretation of the preceding results, these substances 
have not been examined in detail. They may be racemic compounds, 
or salts of another tautomeric form. 

It is probable that some at least of the different tautomeric 
forms of the diamine could be isolated, although there is little doubt 
that the stability of the «- and @-dimethyl bases is due to the 
presence of the alkyl groups. We have noticed that in the prepar- 
ation of the base certain conditions of precipitation from an acid 
solution give a brown solid product, and when this is stirred with cold 
alcohol the whole suddenly begins to pass into a greenish-yellow, 
less soluble form, which is the material normally obtained on 
crystallisation from alcohol. The type of change most definitely 
suggests that one tautomeride is being converted into another. 


Our thanks are due to Professor J. F. Thorpe for the interest he 
showed at the inception of this work. 


BreDFORD COLLEGE, 
UNIvERsITY oF LONDON. [Received, April 20th, 1929.] 
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CXCVII.—The Photolysis of Potassium Ferrioxalate 
Solutions. Part I. Experimental. 


By ARTHUR JOHN ALLMAND and WALTER WESTON WEBB. 


WHEN aqueous solutions of potassium ferrioxalate are insolated by 
light from a quartz—mercury lamp, decomposition takes place as 
follows : 

2K,Fe(C,0,), —-> 3K,C,0, + 2FeC,O, + 2CO,. 

The difficultly soluble ferrous oxalate is precipitated, but this 
can be prevented if a sufficient concentration of potassium oxalate 
be added to the original solution. No quantitative investigation of 
this reaction has been hitherto carried out, although the corre. 
sponding photolyses of potassium cobaltioxalate (Vranek, Z. Hlek- 
trochem., 1917, 23, 336) and of potassium manganioxalate (Ghosh 
and Kappanna, J. Indian Chem. Soc., 1926, 3, 127) have received 
attention. Draper (Phil. Mag., 1857, 14, 161) showed that solutions 
of ferric oxalate itself undergo a similar decomposition in light, and 
suggested its application in photometry; and work has also been 
published on the closely related interaction between solutions of 
ferric chloride and oxalic acid in light, more particularly by Lemoine 
(Ann. Chim., 1895, 6, 433) and, very recently, by Kornfeld (Z. Elek- 
trochem., 1928, 34, 598). Kornfeld’s results are of quite a different 
nature from ours, whereas Lemoine’s are, in some respects, similar. 
Experiments are in progress in this laboratory on the factors which 
cause the one type of reaction to change over to the other. In the 
meantime, the present paper contains essentially the results of an 
investigation of the energetics of the potassium ferrioxalate decom- 
position, which are discussed in the succeeding paper. 

Preliminary Experiments.—As it was hoped to experiment with 
solutions of the free ferrioxalic acid, ferric oxalate was prepared by 
the action of an excess of freshly precipitated and washed ferric 
hydroxide on aqueous oxalic acid. A week’s standing at the ordin- 
ary temperature with occasional shaking was necessary for neutral- 
isation. After filtration from the excess of ferric hydroxide, the 
greenish-yeilow solution was evaporated on the water-bath. The 
syrup produced finally set to a yellowish-green, transparent, hygro- 
scopic solid, which gave analyses corresponding closely to the 
formula Fe,(C,0,),. The ferrioxalate was prepared by mixing solu- 
tions of potassium oxalate and ferric chloride in the molecular 
ratio 3:1, and precipitating the salt with alcohol. The emerald- 
green crystalline powder, once recrystallised, on analysis corre- 
sponded closely to the formula K,Fe(C,O,)3,3H,O. 

Preliminary insolations of solutions of these substances were then 
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undertaken in order to determine the conditions for avoiding pre- 
cipitation of ferrous oxalate, important for the success of quantitative 
energy measurements. Solutions of ferric oxalate (0-02—0-06M) in 
oxalic acid (0-1—0-7M) invariably precipitated this solid; so did 
solutions containing potassium ferrioxalate alone, but when enough 
potassium oxalate was present, precipitation was prevented. The 
concentrations of these two components were varied between the 
limits of 0-01—0-08M and 0-1—0-8M, respectively. Except for 
the mixture 0-08M-K,Fe(C,0,), + 0-1M-K,C,0,, there was no 
visible precipitation of ferrous oxalate. All our further insolation 
experiments were carried out with solutions of the ferrioxalate 
containing a sufficient excess of potassium oxalate. 

In order to obtain some idea of the nature of the ions present in 
these solutions, conductivity measurements were carried out at 
252°. The results, for which no great accuracy is claimed, are in 
Tables I and II. Satisfactory data for the most dilute ferrioxalate 
solutions were only obtained if light was carefully excluded to avoid 
photolysis. 


TABLE I. TABLE II. 


H;Fe(C,0,)5. K;Fe(C,0,)s- 
Molarity. Te Molarity. pe. 
0-05256 740-5 0-02 312 
0-02628 777-0 0-01 339 
0-01314 819-0 0-004 357 
0-00657 849-2 0-001 410 
0-00328 858-2 0-0004 424 
0-00164 858-3 0-0002 436 
It is difficult to reconcile these data. As the hydrogen-ion 
mobility at 25-2° is about 350, the figures for the acid suggest 
(1) that the dissociation constants for the first two stages (K,, Kz) 
are high, but for the third stage (K,) comparatively low, (2) that 


dissociation in accordance with the equation 
H;Fe(C,0,)3 —> 2H° + HFe(C,0,)3” 

is practically complete at 0-003M, and (3) that the observed limiting 
molecular conductivity value of about 860 corresponds to a mobility 
of }HFe(C,0,),” of about 80 [compare 1=95 for }Fe(CN),”””’ at 18°]. 
But if K, is so low, then there should be appreciable hydrolysis of 
the ferrioxalate ions in potassium ferrioxalate solutions, which 
suggests itself as a possible cause of the steady rise in u for the salt 
at dilutions considerably greater than those at which » for the acid 
is already practically constant. An attempt was made to calculate 
K, and the degree of hydrolysis of the salt from the experimental 
data and the known value of K,,, assuming (a) that primary dis- 
sociation of the salt into potassium and ferrioxalate ions is complete 
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at 0-0002M, and (b) that the 7 values for H’, K*, and OH’ are 350, 
75, and 220 respectively, and those for }Fe(C,0,),’’’ and 4HFe(C,0,),” 
are identical; this, however, led to the results (i) that J for the 
complex ions is about 70-3 and not 80, (ii) that Ky is fairly high 
(7 x 10°), and (iii) that hydrolysis of the salt at 0-0002M is quite 
negligible. Whilst these conclusions are naturally in accordance 
with the particular conductivity measurements from which they 
were derived, they are quite at variance with the general trend of 
the data, leading, as they do, to the conclusion that, at the greatest 
dilutions, » for the acid should still be rising, whilst p for the salt 
should be nearly constant. On the whole, we think that the data 
for the free acid solutions (made by mixing ferric oxalate and oxalic 
acid solutions in the molecular ratio 1 : 3) must be in error, and 
that the potassium ferrioxalate solutions ionise by steps, without 
hydrolysis, the value of | for 4Fe(C,0,),’’ being at least 80, if not 
higher. In any case, such solutions, as also those of the free acid, 
are practically free from ferric ions, as shown by the absence of any 
coloration with ammonium thiocyanate solution. 

Analytical Method.—We first investigated the possibility of using 
the method employed by Lemoine (loc. cit.) for insolated mixtures of 
ferric chloride and oxalic acid, viz., precipitation of unchanged 
ferric iron and of oxalic acid by an excess of calcium carbonate, and 
titration of the acidified filtrate for ferrous iron by permanganate. 
With ferric chloride—-oxalic acid mixtures, the results were not par- 
ticularly satisfactory, low figures for ferrous iron always being 
obtained. These were at first ascribed to oxidation of the neutral 
solution during filtration, and an improvement was effected by 
carrying out precipitation, filtration, and washing in an atmosphere 
of nitrogen. Even then the results were low, a fact attributed to 
adsorption of ferrous ions on the large amount of precipitate present. 
The next method tried was reduction of the ferric iron remaining 
after the reaction to the ferrous condition, followed by titration of 
the whole solution with permanganate. The employment of zinc 
and sulphuric acid was found to be impossible owing to the reduction 
of some of the oxalic acid present to glyoxylic acid. The use of 
hydrogen sulphide proved very tedious, so recourse was finally had 
to direct titration of residual ferric iron by a dilute hydrochloric acid 
solution of titanous chloride, using thiocyanate as indicator, and 
working in an atmosphere of carbon dioxide. This method proved 
successful. A series of experiments showed that potassium oxalate, 
whatever its concentration, had no effect on the results. 

Extinction Coefficients —These were determined for both potassium 
ferri- and ferro-oxalate, in order to correct for any internal light- 
filter effect of- the latter when formed during reaction. The 
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sensitivity 10-1 amp. per mm. deflexion with scale at 1 m.). The 
light source was a quartz—mercury lamp, and the absorption cells 
were constructed from rectangular glass blocks and crystal-quartz 
plates, as previously described (J., 1925, 127, 829). A 5-cm. water 
cell of the same type was placed in front of the lamp to reduce the 
purely thermal effect of the beam. When in use, the absorption 
cells were mounted on a sliding carriage between two water-cooled 
copper screens, each provided with a variable aperture and a water- 
cooled shutter. A ratchet arrangement allowed of different parts 
of the surface of the cell being in turn interposed between the beam 
of light and the slit of the spectrometer. This was found very 
necessary when working with dilute solutions which were subject 
to appreciable photolysis during the time required for making the 
measurements. The intensity of the radiation was controlled, when 
required, by varying the distance between the lamp and the spectro- 
meter—occasionally a quartz lens was necessary between the lamp 
and the first screen in order to raise the intensity sufficiently. All 
definitive measurements were made at night, in order to reduce to 
a minimum electrical and, particularly, mechanical disturbances, 
which rendered impossible the use in the daytime of the Paschen 
galvanometer at full sensitivity. 

The absorption of a 0-25M-potassium oxalate solution was first 
measured in a 0-5-cm. cell, as an excess of this salt was present during 
all quantitative insolations. The wave-lengths of the lines used 
and the transmissions (compared with water as 100) were as follows : 


365 313 303 290 280 265 254 248 
Transmission, % 99:3 96:6 93-6 81:9 64-4 6-2 0 0 


Preliminary experiments with potassium ferrioxalate solutions 
showed that a 0-049M-solution in a 5-mm. layer absorbed practically 
all incident light between 405 pu and 249 uy (the limit of possible 
measurement with our experimental arrangement) and also the 
bulk of the blue 436 yy line, but hardly affected the mercury green 
and yellow lines. In order to obtain satisfactory values for extinc- 
tion coefficients by this method, it is desirable that the cells should 
transmit between one- and two-thirds of the incident light. Conse- 
quently, several preliminary measurements were carried out until 
the dilutions and thicknesses required for this were found. (It was 
during these experiments that the necessity, mentioned above, of 
ducing to a minimum the exposure to light of the more dilute 
solutions was discovered.) These conditions having been deter- 
mined, the definitive readings were made, including some on solu- 
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tions containing various added quantities of potassium oxalate. 
The results are in Table III, of which the last column contains the 
molecular extinction coefficient of potassium ferrioxalate, calculated 
from the equation log,, /,/I = ked, ¢ being expressed in mols. /litre 
and d in cm. 


TABLE IIT. 


Line, Cone. of Conc. of Ratio of 

pp. , K,Fe(C,0,)3. K,C,0,. cones. k. 

313 , . 0-000196 -- —: 1620 
0-000125 = 1573 
0-00125 a 698 
0-00125 20 720 
0-00125 200 722 
0-00025 200 737 
0-00098 -— 722 
0-00125 = 125 
0-0049 — 123 
0-00196 _- 112 
0-00125 20 119 
0-00125 200 127 
0-0245 -- 20-7 
0-025 -- 20:2 
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Similar experiments were carried out with potassium ferro-oxalate 
solutions, containing in every case an excess of potassium oxalate, 
and prepared by insolating solutions of the ferrioxalate (in absence 
of oxygen, see later) to complete decomposition, as shown by a 
negative test with thiocyanate solution after subsequent strong 
acidification. The final results are summarised in Table IV. 


TABLE IV. 


Cone. of Conc. of Ratio of 
K,Fe(C,0,)>. K,C,0, cones. k. 

0-00125 0-026 21 105 
0-00125 0-251 201 155 
0-001 0-051 51 146 
0-005 * 0-255 51 143 
0-005 0-105 21 143 
0-00125 0-026 21 117 
0-001 0-021 21 107 
0-005 0-255 51 117 
0-001 0-051 51 105 
0-005 0-105 21 96 
0-00125 0-026 76 
0-00125 0-026 70 
0-005 0-255 65 
0-005 0-105 56 
0-00125 0-026 38 


WOOWWOWSOWHOOWIYE 
oanooacoacoance 


It will be noticed that, whilst & for the ferrioxalate rises rapidly 
with decrease of wave-length, the curve for the ferro-oxalate 1s 
flatter, and & shows signs of passing through a maximum in the 
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region 313—365 yy. The correction for the internal light-filter 
effect is obviously a very important one at 436 uu and becomes less 
as wave-length decreases. The effect of added potassium oxalate 
differs markedly in the two cases; whereas the k values of the ferri- 
oxalate remain practically unaffected, those for the ferro-oxalate 
are considerably increased by the addition, as they also are by 
increase in concentration. This is in accord with what is known of 
the relative stability of the two complex ions. 

Effect of Oxygen on the Reaction —The photolysis of Eder’s solu- 
tion (Jodlbauer and Tappeiner, Ber., 1905, 38, 2602), of ferric 
oxalate (Jodlbauer, Z. physikal. Chem., 1907, 59, 513), and of other 
ferric salts of organic acids (Winther and Oxholt-Howe, Z. wiss. 
Phot., 1914, 14, 196) is stated to be retarded by oxygen. On the 
other hand, the photoreaction between uranyl nitrate and oxalic 
acid is not thus affected (Boll and Henri, Compt. rend., 1914, 158, 
32). Indeed, the last authors found oxygen to take part in the 
reaction, oxidising the uranous salt as the latter was produced by 
photolysis. To test its action in the present case, experiments 
were carried out, a solution of composition 0-03M-K,Fe(C,0,)3 + 
009M-K,C,O, being used. This was contained in a cell with 
plane quartz ends, and insolated by the full light of a quartz— 
mercury lamp brought to a focus by a quartz lens. In the first 
experiment, the solution was air-free, and carbon dioxide was kept 
continuously bubbling through it; in 3 hours, the decomposition was 
174%. A further identical sample, containing dissolved air, was 
insolated under identical conditions, except that the carbon dioxide 
stream was dispensed with. The decomposition was then 15-9%. 
Finally, a third sample was insolated in the same fashion, but with 
a current of oxygen bubbled continuously through it. The titanous 
chloride titre after the experiment was unchanged. 

This complete inhibition of the reaction, as followed, was either 
real, or merely apparent and due to the reoxidation by the oxygen 
of the ferrous salt formed by insolation, as found by Boll and Henri 
for the uranyl nitrate-oxalic acid reaction. To test this point, the 
last experiment was repeated in a somewhat modified form. The 
oxygen stream, before entering the cell, was freed from carbon 
dioxide by a column of soda-lime, and, on leaving the cell, passed 
through a U-tube containing a mixture of glass-wool and phosphoric 
oxide (to hold up any spray containing potassium oxalate) and into 
a test-tube containing baryta water, protected by a soda-lime guard 
tube at the end of the train. A blank experiment (no insolation) 
gave no indication of any precipitate in the baryta. When insol- 
ation was commenced, gradual formation of such a precipitate was 
_ This was very marked after an hour’s run, and, on test, 

3F2 
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proved to consist of barium carbonate. While oxygen may or may 
not retard the reaction (we did not investigate the matter further), 
it certainly affects our method of following it, and was consequently 
rigorously excluded during quantitative work. 

Apparatus for Quantum Efficiency Determinations.—The optical 
system, mercury-vapour lamps, and methods of thermopile cali. 
bration and of energy measurement were identical with those used 
by us in our work on the photolysis of sodium hypochlorite solu. 
tions (Z. physikal. Chem., 1928, 131, 189). The insolation cell was 
of the type used in the extinction measurements, -drilled out of a 
block of glass (10 x 10 x 1 cm.), with plane parallel crystal-quartz 
plates cemented by hard pitch on to the two ends of the central 
cavity (7-5 cm. in diameter). Two vertical channels in the top of 
the glass block gave access to the interior of the cell, and into each 
was cemented a glass tube. One of the latter (B), situated in the 
centre of the cell, ended flush with the upper surface of the cylin. 
drical central cavity; the other (A), passing through a hole nearer 
the side of the cell, was drawn out to a fine tip, and curved so as to 
reach practically to the bottom of- the cell. A steady stream of 
carbon dioxide from a Kipp generator passed through a splash-trap, 
a flow-meter, a bubbler containing titanous chloride solution to 
remove traces of oxygen and of acid, a water bubbler, and then 
into the cell via a ground glass joint and A, leaving via B (another 
ground joint), and passing out to the air through a water bubbler. 
This simple arrangement, which proved very satisfactory in prac- 
tice, guaranteed the absence of oxygen during the insolation and 
also effected stirring. It may be added that all solutions were made 
from previously boiled, air-free water, saturated with carbon dioxide 
when still warm, and were freshly prepared for each run. 

In calculating the values of y given later, all necessary corrections 
were applied for reflexion from quartz surfaces, for gradual change 
of total absorption with time, and for change in proportion of 
effective absorption, due to the formation of increasing amounts of 
ferro-oxalate. The last correction was very small with the 313 and 
365 uu rays, but considerable with the 436 up line. Thus, at the 
end of a run with this line, about one-third of the total light absorbed 
was normally being taken up by the ferro-oxalate. 

Monochromatic Light Filters —The transmissions of a number of 
filters were examined, the same apparatus being used as in the 
extinction-coefficient work. Those involving solutions were set up 
in cells of the same general construction as used in the latter experi- 
ments. The filters finally employed were as follows, transmissions 
being expressed as percentages of light incident on the complete 
filter : ’ 





r may 
ther), 
ently 


ptical 
cali. 
used 
solu. 
1 was 
| of a 
uartz 
ntral 
op of 
each 
n the 
-ylin- 
earer 
as to 
m of 
trap, 
nm to 
then 


other | 


bler. 
prac- 

and 
nade 
xide 


‘ions 
ange 
n of 
is of 
and 
the 
‘bed 


r of 
the 
| up 
erl- 
ons 
lete 


POTASSIUM FERRIOXALATE SOLUTIONS. PART I. 1525 


Mercury line. Filter. Transmission. 


313 pp =—-:« 0-5: Cm. of: 0-00376% p-nitrosodimethylaniline 303 yu 10% 
+ 0-0486% K,CrO,. Crystal quartz end 313 28 
plates. 546 80-5 
579 86-5 
365 pn = Corning glass filter, G. 586-AW, 0-73 cm. thick. 14% 
405 pp (a) 0-5 Cm. of 0-02% quinine bisulphate; 26% 
(6) 0-5 em. of 0-0125% Diamant Fuchsin. 
Two compartment cell. Glass end and 
separating plates. 
436 pp = (a) 0-5 Cm. of 4% quinine bisulphate; (b) 0-5 59% 
em. of 0-085% Victoria Blue (Cassella). plus trace of 
Compound cell as for 405 py. red light. 


In the case of the 313 uy filter, the green and yellow lines were 
completely transmitted, and the two shorter lines completely 
absorbed, by the potassium ferrioxalate solutions. As, however, 
the ratio of absorbed to unabsorbed radiation was low, it was thought 
more accurate not to determine the former by direct measurement, 
as in the other cases, but to calculate it from the total intensity of 
the filtered beam, the energy distribution in the unfiltered beam, 
and the filter transmissions just given. The 365 yy and 405 uy 
filters passed no measurable amount of any other ray. The maxi- 
mum intensity obtained with the 365 uy filter, when concentrated 
on the 2 em. Moll thermopile, was about 2 H.K. The red light 
passed by the blue filter was shown to be unabsorbed by the ferri- 
oxalate solutions. It may be added that a large number of measure- 
ments were carried out, solutions of Diamant Fuchsin being used as 
filter for the 365 uy» ray, but were found to be useless owing to a 
gradual change in the filter due to the action of light. 

Effect of Potassium Oxalate on Rate of Reaction—By use of 
monochromatic 365 uy light, duplicate insolations were carried out 
with 0-03M-potassium ferrioxalate plus either 0-09M- or 0-72M- 
potassium oxalate solutions. The percentage decompositions after 
3 hours’ insolation were 17-30, 17-40 and 15-65, 15-70, respectively. 
An eight-fold increase in the potassium oxalate concentration thus 
causes @ fall in velocity of nearly 10%. In all the y measurements 
given subsequently, the concentration of added potassium oxalate 
was kept at 0-18M. 


Results of Quantum-efficiency Determinations with Monochromatic 
Light. 


The first point tested was the effect of the concentration of potass- 
ium ferrioxalate. Measurements were carried out with both 365 yy. 
and 436 up light. The results are in Table V, (i) and (ii), where y = 
28470 mols. decomposed 


War eo Be 2 being expressed in terms of pu. 
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TABLE V. 


Mean ac- 
Duration tive ab- Mols. de- 
of insol- Decom- sorption composed 
Expt. Conc. of ation, position, (cals./ per hour 
No. K,Fe(C,O,)3. hours. %. hour). x 10°. 


(i) 365 pp. 
19-33 10-6 0-315 4-76 
22-33 11-8 0-291 4-42 
23-33 7-52 0-364 5-35 
21-25 3°42 0-296 4-18 
41-17 6-72 0-280 4-225 
(ii) 436 pp. 
21-50 14-1 
21-66 9-20 
44-66 11-1 
(iii) 405 pp. 
22-33 12-2 


(iv) 313 pp. 
10 0-02 41-58 23-0" 0-272 . 1-59 


It is clear that y is independent of the concentration of the 
photolyte between the limits worked with. Consequently, one run 


only was carried out with the 313 yu and 405 uy filters, of which 
the results are in Table V, (iii) and (iv). 

Attention was next turned to the effect of the addition of various 
strong electrolytes on y. All measurements were carried out with 
the 365 yy line, and with solutions of composition 0-02 M-K,Fe(C,0,), 
+ 0-:18M-K,C,0,.. The duration of insolation was normally about 
20 hours. The concentrations of the two acids used were con- 
siderably higher than those of the neutral salts. The addition of 
smaller concentrations (about 0-2M) led to the precipitation of 
ferrous oxalate on insolation. The results are in Table VI. It is 
clear that, in every case, an increase in the value of y has followed 
the addition of the electrolyte. 


TABLE VI. 


Cone. Mean active Mols. decom- 

Expt. Added of added absorption posed per 
No. electrolyte. electrolyte. (cals./hour). hour x 10°. 
11 H,SO, 1-0M 0-392 
12 HCl 2-0 0-378 
13 K,SO, *4 0-273 
14 KCl 0-469 
15 NaCl 0-433 
16 LiCl 0-425 
17 LiCl, . 0-362 
18 Check—no addition 0-389 
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Experiments with Non-homogeneous (“ Mixed”) Light. 

Padoa and Vita (Gazzetta, 1924, 54, 147) recently published some 
interesting results on the photolysis of ferric chloride—oxalic acid 
solutions, according to which, in this reaction, the sum of the effects 
of a series of spectral regions is greater than the effect of the same 
light undispersed. Kornfeld (loc. cit.) has since shown that, in 
accordance with this result, the rate of this reaction is proportional 
to the square root of the light intensity. We have done similar 
experiments with potassium ferrioxalate solutions and, as will be 
seen, under certain conditions, have obtained precisely the opposite 
result to that of Padoa and Vita. 

Most of our work was carried out with the quartz—mercury lamp 
and Corning glass filters which transmitted considerable fractions 
of two or more of the 365, 405, and 436 uy lines. One insolation 
was carried out with a metal-filament lamp. Data with regard to 
the filters are in Table VII. The transmissions were determined 
by the same method as previously. 


TasLeE VII. 


Transmission, 
Filter. %. Remarks. 


G. 586-A. 359mm. 365 yp 77 Used in Expts. 19, 25—29. 
thick. 405 22 


G. 86-B. 4:00 mm. 365 yp 84 Also transmits 546 and 579 yp lines, 
thick. 405 91-5 unabsorbed by reaction solution. 
436 89 Used in Expt. 22. 


G. 50. 4:72 mm. 365 pp 42:3 Used in Expt. 20. 
thick. 405 785 
436 665 


G. 552-Py. 4:00 365yp 3 Used in Expt. 21. 
mm. thick. 405 60-5 
436 71 


G. 538-C. 3-5 mm. 365 yy 5 Used with metal-filament lamp (Expt. 
thick. 405 35 —«-- 24). ~‘See Fig. 1 for detail of trans- 
436 20 mission. 


The actual experiments were carried through as before, with the 
necessary modifications required by the use of mixed light. Knowing 
the energy distribution in the unfiltered beam and the transmission 
of the filter, the energy distribution in the filtered beam could be 
calculated. This, combined with the known extinctions of the 
photolyte for the different wave-lengths, enabled the distribution of 
the active absorbed energy to be calculated, correction being made 
for the progressively increasing absorption of the potassium ferro- 
oxalate. The total absorbed intensity was directly measured as 
before, and corrected for the ferrous salt in order to obtain the 
total active absorbed energy. Experiments lasted 15—20 hours. 
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A solution of composition 0-02M-K,Fe(C,0,), + 0-18M-K,C,0, was 
used throughout. 

For the experiments made with the quartz—mercury lamp, we 
have calculated from our data the number of quanta corresponding 
to each of the wave-lengths 365, 405, and 436 uy absorbed per hour, 
and, using the y values previously determined for monochromatic 
light of these wave-lengths (Table V), have thus obtained the 
decomposition that would have taken place per hour if the total 
effect of the light were simply the sum of the effects of its separate 
components. With these figures we have compared the actual 
decompositions found experimentally. Our results are in Table 
VIII (Expts. 19—22). 


Taste VIII. 


Total Fractional distribu- Mols. decom- 
mean tion of active Duration posed per 
activeab- absorbed energy. of insol- Decom- hour x 10°, 
Expt. sorption — _ ation position, ~~ 
No. (cals./hr.). 365 pp. 405 pp. 436 py. (hours). %. Cale. Found. 
19 0-802 0-914 0-085 — 19-00 32-1 1-18 1-46 
20 0-517 0-458 0-294 0-248 17-58 19-3 0-73 = 0-95 
21 0-425 0-057 0-458 0-484 ~° 15-83 14-0 0-57 0-73 
22 0-750 0-593 0-202 0-205 17-78 27-9 107 =1-34 
23 0-512 1-000 — — 16-08 13-2 0-76 0-71 
24 0-379 _— — — 20-00 9-5 0-51 0-41 





In Exp. 24, with a metal-filament lamp (of 2000 c.p., and water- 
cooled), a graphic method was employed for obtaining the average 
energy distribution with wave-length of the absorbed active light. 
This is best illustrated by Fig. 1, in which the significance of the 
different curves, all plotted with 2 along the abscissa, is as follows : 

Curve a. Relative energy distribution in the beam of white 
light over the active part of the spectrum, determined by the 
thermopile-galvanometer method, and corrected for the variation 
in dispersion of the quartz prism with wave-length. 

Curve b. Percentage transmission of Corning filter G.53 c, deter- 
mined with the continuous light source. 

Curve c. Average percentage absorption of incident light by 
photolyte. 

Curve d. Average percentage absorption due to the potassium 
ferrioxalate. 

Curve e. Relative energy distribution in filtered light (combin- 
ation of curves a and 5b). 

Curve f. Relative average distribution of active absorbed energy 
(combination of curves c, d, and e). 

The total average active energy absorbed per hour was dis- 
tributed, at 10 uu intervals, over the region 400—450 uy in accord- 
ance with Fig. lf, and the decomposition to be expected on the 
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assumption of additive relations was calculated as in Expts. 19—22. 
This result, together with the experimentally found figure, is given 
under Expt. 24 in Table VIII. 

It will be seen that, when complex light is used consisting of 
varying proportions of two or three of the mercury lines, the amount 
of decomposition actually found is consistently greater, by 25—30%, 
than that calculated on the basis of additivity. This result is the 
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reverse of that found by Padoa and Vita, working with a ferric 
chloride-oxalic acid mixture and using a strip of continuous spec- 
trum. Expt. 23, with monochromatic 365 yy light (filter G.586 
A.-W.) was carried out as a check. It will be noticed that it gave 
a smaller decomposition than that calculated from the results of 
the earlier measurements with the 365 up line (y = 1-08 as against 
the former mean of 1-16—see Table V, i). This only makes the 
results of Expts. 19—22 still more remarkable in comparison. 
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When, however, a continuous region of the spectrum (390—460 «) 
was used, as was the case with Padoa and Vita, the experimentally 
found value was lower, by about 20%, than the calculated figure, 
Except in as far as this experiment does not give the increased 
chemical effect found in Expts. 19—22, we lay no great stress on 
the result, as three factors may enter, absent or much less important 
in Expts. 19—22, and all liable to cause error: (1) appreciable 
amounts of infra-red radiation may be present in the filtered light 
and be absorbed by the photolyte; (2) the absolute and relative 
energy values of the filament-lamp radiation are much more liable 
to fluctuation than is the case with the mercury lamp; (3) the 
extinction coefficients of the potassium ferri- and ferro-oxalates 
were not determined by us for wave-lengths longer than 436 yu. 

Effect of Intensity and of Intermittent Light—Just as the results 
of Padoa and Vita suggested to Kornfeld that the velocity of the 
reaction in question might vary as J,!, so the results of Expts. 19— 
22 might be held to indicate that, under certain conditions, the rate 
of the present reaction would be proportional to J,”. We tested 
this point, using the mercury lamp and the G.586.A Corning filter, 
this being chosen because its high transmission allowed of a con- 
siderable variation in J,. This variation was effected by an iris 
diaphragm, the apparatus being so arranged that a change in the 
diaphragm aperture did not appreciably affect the cross-section of 
the beam passing through the cell. The results are in Table IX. 


TABLE IX. 


Mean active Mols. decom- Mols. decom- 
Expt. Decomposition, absorption posed per posed per calorie 
No. %. (cals. /hour). hour x 10°. absorbed x 10°. 
25 15-1 3-57 6-53 1-83 
19 32:1 0-802 1-46 1-82 
26 8-2 0-246 0-452 1-83 


Finally, experiments were carried out in which the light beam 
was interrupted by an electrically driven rotating disc, from which 
two 90° sectors had been removed, alternating with two solid sectors. 
The average intensity of light passing the sector was thus half the 
total intensity in the beam. The same G.586.A filter was employed, 
and the average absorbed intensity measured as before. Table X 


TABLE X. 

Mols. 

Mols. decomposed 

Mean active decomposed per calorie 

Expt. Insolations Decompo- absorption per hour absorbed 

No. per min. sition, %. (cals. /hour). x 105. x 105. 
27 1470 10-3 1-87 3-24 1-73 
28 750 9-3 1-58 2-69 1-70 
29 540 . , 0-370 0-636 1-72 
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shows that, as was anticipated after the preceding results, the 
specific photochemical effect is practically the same as with con- 
tinuous light, and exhibits no sign of alteration with variation in 
sector speed. It must therefore be concluded that the decomposition 
of potassium ferrioxalate solutions under our experimental con- 
ditions proceeds at a rate proportional to the first power of the 
light intensity. 
UNIVERSITY OF LONDON, 
Kine’s COLLEGE. [Received, April 27th, 1929.] 





OXCVIII.—The Photolysis of Potassium Ferrioxalate 
Solutions. Part II. Discussion. 


By ArtHur JoHN ALLMAND and WALTER WESTON WEBB. 


Summary of Experimental Results. 


THE main results of this work, together with relevant observations 
of other experimenters, can be summarised as follows : 

(2) The quantum efficiency in the photolysis of potassium ferri- 
oxalate by monochromatic light between the wave-length limits of 
313—436 uy is of the order of unity, and decreases with increase of 
wave-length (Part I, Table V). Table I contains the figures, to- 
gether with values of y previously observed for similar reactions. 


TABLE I. 

Decomposition of 313 pp. 365 pp. 405 yp. 436 pp. 488 pp. 
K,Fe(C,0,4)5 1-59 1-16 0-91 0-89 — 
K,Co(C,0,), (Vranek) 1-5 0-9 0-6 7 
K,Mn(C,0O,), (Ghosh and Kap- 

— — — 1-28 


(6) Between the limits 0-02—0-06M, y is independent of the 
concentration of the photolyte (Part I, Table V, i and ii). The 
same holds for potassium cobaltioxalate between limits of 0-0002— 
0-005M. 

(c) With 0-02M-solutions, y is independent of the degree of 
decomposition between the limits 3-42—32-1% (Part I, Tables V, 
i, and IX). It would therefore appear that the accumulation of 
ferrous oxalate does not retard the reaction apart from its internal 
light-filter effect. Some results reported by Baur (Z. physikal. 
Chem., 1908, 63, 683), to the effect that the ferrioxalate decomposi- 
tion in light finally comes to a complete standstill, were shown later 
(Schaper, ibid., 1910, 72, 308) to be due to faulty methods of 
analysis. The retardation of the reaction observed by him was 
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certainly due to the internal light-filter action of the ferrous oxalate, 
In the case of the cobaltioxalate, Vranek observed that, as the 
solutions became more dilute, the unimolecular coefficients tended 
to fall off and to give way to bimolecular coefficients. 

(d) y is slightly lowered by the addition of an excess of potassium 
oxalate, which also retards the photolysis of the cobaltioxalate, but 
has no effect with the manganioxalate. 

(e) y is slightly raised by the addition of all other strong electro. 
lytes tried, at the concentrations used (Part I, Table VI). In the 
case of the cobaltioxalate, Vranek showed that the addition of small 
amounts of hydrochloric or sulphuric acid had no effect, whilst 
Jaeger and Berger (Rec. trav. chim., 1921, 40, 153), in agreement 
with our work, found an accelerating effect produced by potassium, 
sodium, and lithium chlorides, of the same order as we observe. 

(f) For light of » = 365 uy containing a proportion of 2 = 405 
vu, y is independent of the intensity, whether continuous or average 
intermittent, over a range of 15: 1 (Part 1, Tables 1X, X). Propor- 
tionality between rate and intensity was found for the cobalti- 
oxalate (white light) and, approximately, for the manganioxalate 
(continuous blue band). 

(g) With active absorbed light composed of a continuous band 
lying between 390—460 pu, with its head at about 420 uy, the 
degree of decomposition probably closely corresponds with that 
calculated-on the assumption of the additive action of the different 
rays, but may be lower than this figure. The former result is to be 
anticipated from the relation found between intensity and velocity. 

(h) If the absorbed active light be composed of varying propor- 
tions of two or more of the three mercury lines at 365, 405, and 
436 wu, then the degree of decomposition is 25—30% higher than 
the figure corresponding to an additive effect of the different wave- 
lengths (Part I, Table VIII). 

There are one or two similar remarkable cases in the literature. 
Kuhn (J. Chim. phys., 1926, 23, 521) finds y for the decomposition 
of ammonia by light of average wave-length 208 yy to fall from 
0-4—0-5 to 0-1 as the degree of monochromatism of the light is | 
increased. According to Padoa arid Vita (Gazzetta, 1926, 56, 164), 
the relative velocities of combination of hydrogen and chlorine in 
a beam of white light, and in the same beam spectrally dispersed, 
show similar relations. Some discrepant observations of Henri 
and Wurmser (Compt. rend., 1913, 156, 1012; 157, 126) on hydrogen 
peroxide decomposition, which, at first sight, look as if they might 
be explained in this way, are probably capable of another inter- 
pretation (unpublished work by A. J. Allmand and D. W. G. Style). 
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General Theory of Results. 


The majority of our results appear capable of a simple interpre- 
tation. We suggest that the primary result of the absorption of a 
light quantum is the activation of a ferrioxalate ion, a process 
regarded as involving the partial dislocation of the union between 
the ferric ion and one of its attached oxalate ions, thus 

+ — C0, — + —@,0, — 

(1) Fe+ —C,O, — + hy —> Fe + — C,0, — 

+ — C,O, — + —.------------- C,0, — 

This activated ion is assumed to have a life long in comparison 
with the average time required (in solutions of the concentrations 
used by us) for a collision to take place between it and an unactivated 
ferrioxalate ion. When collision takes place, we assume either 
degradation to heat of the absorbed energy or, if the degree of 
dislocation of the activated ion be sufficient, reaction according 
to the equation 

(2) Fe(C,O,)3’" + Fe(C,0,),"’ —-> 2Fe(C,0,).” 
(activated) (unactivated) + €,0,” + 2CO,. 

The proportion of absorbing ions giving fruitful collisions will 
naturally increase with the size of the quantum, and the maximum 
quantum efficiency possible will be seen to be 2. 

This mechanism is in accord with the results given under (a), 
(b), (c), (f), and (g) above, including the increase in the order of the 
reaction observed by Vranek in his very dilute cobaltioxalate 
solutions. With regard to (d) and (e), neutral-salt action in 
photolysis is yet far from being understood (compare Kistiakowsky, 
“Photochemical Processes,” 1928, pp. 192—194), and we have no 
particular suggestion to make, unless perhaps that the retarding 
effect of potassium oxalate may be looked on as due to the oxalate 
ions opposing the weakening of the Fe’"-C,0,”” bond (7.e., electron 
transfer from C,0,’’ to Fe’), just as they would hinder the splitting 
off of C,0,"" ions in accordance with an equation such as 

(3) Fe(C,0,)3'"° — Fe(C,0,).’ + C,0,”, 
where Fe(C,0,),’ represents another (hypothetical) type of ferri- 
oxalate ion. 

We prefer activation, as the primary result of quantum absorption, 
to actual dissociation as follows : 


(4) Fe(C,0,),’" + hv —> Fe(C,0,).”" + C,0,' 
followed by 
(5) C,O,4’ + Fe(C,0,),’ —-> Fe(C,0,).”” + C,0,” + 2CO,, 
in view of the experimental fact that the accumulation of ferrous 
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oxalate does not retard the reaction as might be expected if the 
correct primary mechanism were represented by (4). 


Special Theory for Results with “ Mixed ’’ Light. 


To explain the results recorded under (h) is difficult. As it is 
the average quantum efficiency which is raised, and not the absorp. 
tion of the light rays used, the first possibility which suggests itself 
is that those ferrioxalate ions A*, which have absorbed a particular 
quantum, hv,, but which are only subactivated, i.e., insufficiently 
activated to react on collision with a normal ferrioxalate ion A, can 
nevertheless react on collision with an ion A** which has been sub- 
activated by absorption of a light quantum of different size hy,. 
But there are several objections to this view. Such collisions 
between two activated ions would require their mean lives to be 
far longer than it is necessary to assume for the purpose of explaining 
the great majority of our experimental results. If, moreover, colli- 
sions between A* and A** ions are fruitful, it would seem natural to 
expect a similar result to follow collision between two A* or two A* 
ions, in which case there should be no such increase in y when 
passing from monochromatic light to “ mixed” light as is actually 
found. If collisions between two activated ions essentially repre- 
sent the mechanism of the reaction in all cases, collisions between 
A* and A** being more fruitful than collisions between two A* or 
two A** ions, the maximum y value to be anticipated would be 
unity, unless indeed the collision mechanism be of the type 


(6) 2A* —> 2Fe(C,0,).” + 20,0,’ 


followed by (5). But, apart from the objection already raised to 
the actual splitting off of C,0,’ ions as a result of primary light 
absorption, the formation of two such very reactive ions by a 
bimolecular collision would appear less probable than the production 
of C,0,” and 2CQ,. 

The strongest objection to any hypothesis involving some kind 
of interaction between two ions subactivated by light absorption is 
perhaps the magnitude of the effect. For example, in Expt. 19 
(Part I), the average quantum efficiency for absorbed light, of which 
90-7% represents 365 uy» and 9-3% 405 uy» quanta, is almost 24% 
greater than the calculated figure. It can readily be shown that, 
even if every ion subactivated by absorption of a 405 up quantum 
(A*—5% of total absorbing ions) were to collide fruitfully with a 
similar ion subactivated by absorption of a 365 uy quantum 
(A**—38% of total absorbing ions), the decomposition would only 
be 9% above the normal figure if the result of the collision were 


(7) A* + A** —> 2Fe(C,0,).” + C,0,” + 2C0,, 
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or 18% if the collision were to take place on the lines of the improb- 
able equation (6), followed by (5). In addition, as k5,, is consider- 
ably higher than ky); (Part I, Tables III, 1V), A* and A** ions will 
not be formed in the same ratio throughout the whole of the 
absorbing region of the photolyte; in the foremost layers there will 
be a heavy preponderance of A** ions and in the deeper layers a 
preponderance of A* ions, which would render the likelihood of 
A*-A** collisions still more remote. 

Another suggestion, made in one form or another by Padoa and 
Vita (Gazzetta, 1924, 54, 127), Kuhn (loc. cit.), and Henri and 
Wurmser (J. Physique, 1927, 8, 289), is that of successive absorption 
by the one ion of two different quanta, hv, and hy,, followed by a 
highly efficient activation and reaction in accordance with 

+ — C,0, — + — C,0,— 
(8) Fe + — C,0O, — + hv, + hvg —> Fe + ------- — C,0, — 
ae c tee — C,0, — 
succeeded by (in stages) 
(9) Fe(C,0,)3’” + 3Fe(C,0,4)3'"’ —-> 4Fe(C,04),” + 2C,0," 

(doubly activated) (unactivated) + 4C0O, 

Such a mechanism would, however, imply that ions which had 
already absorbed the quantum fv, would have a very high extinc- 
tion coefficient for light of frequency v.. This would mean that the 
total absorption of the photolyte towards the mixed light would be 
greater than the sum of its absorption for the separate components. 
This we found not to be the case, the point being tested during 
experiments with 436 yu light, where absorption was incomplete. 

No other way has occurred to us for correlating the increased y 
values with the fact that the absorbed light is mixed and not homo- 
geneous. We therefore make the following tentative suggestion. 

If the extreme view of the nature of a light quantum be taken, 
viz., that it is a discrete corpuscle of energy, then all known facts 
concerning light absorption and its dependence on concentration, 
wave-length, and nature of absorbent (extinction coefficient), suggest 
that, when a stream of such quanta enters an absorbing solution, 
there will be on the average an enormous number of “ encounters ”’ 
between the quanta and the molecules of the absorbing substance 
before absorption takes place, even in media of high extinction 
coefficient. The majority of these encounters will not result in 
absorption, and the light quantum passes on normally unchanged. 
Hitherto, it would appear to have been assumed that the molecules 
which undergo such “collisions” with the light quanta are also 
unchanged, unless they, quite exceptionally, absorb the quantum. 
Recently, however, the discovery of the Raman effect (Indian J. 
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Physics, 1928, 2, 387, 399) gives reason for doubting this to be the 
case. Raman has shown, for example, that a beam of mono. 
chromatic 436 pu light, passed through pure carbon tetrachloride, 
undergoes modification, slight in degree but profound in nature, in 
that the emergent beam is found no longer to be monochromatic, 
but to contain weak components of both longer and shorter closely 
adjacent wave-lengths. The accepted explanation, which is in 
accordance with the effect of temperature on the intensities of these 
new components, is that small transfers of energy have taken place 
between the light quanta and the tetrachloride molecules; the 
latter give up energy to the quanta if at a particularly high energy 
level, and take up energy from the quanta if of particularly low 
energy level. No absorption in the ordinary sense results from such 
encounters, but nevertheless there is energy transfer between 
quantum and molecule. 

We suggest that the existence of the Raman effect indicates that 
some kind of energy interaction may take place between light 
cuantum and molecule even during encounters which do not result 
either in absorption, in the ordinary- sense, or in a transfer of energy 
between molecule and quantum, as in the Raman effect. The 
result of the disturbance in the molecule caused by the encounter 


may be possibly a momentary transfer of energy to the molecule 
from neighbouring molecules of solvent, or perhaps, in the case of a 
complex absorbing unit, such as the ferrioxalate ion, merely a redis- 
tribution of the energy of the molecule itself within its different 


“ce 


degrees of freedom. We imagine what we term “ stimulation ” of 
the molecules by light to be possible without appreciable absorption 
of light. The degree of such “ stimulation ’’ would be slight in 
comparison with the “ activation ’’ produced by the absorption of 
a light quantum, and the mean life of such stimulated molecules 
might be expected to be proportionately long. Moreover, they are 
being continuously produced in large numbers as long as insolation 
is continued. 

If this be granted, there appear to be two possibilities of applica- 
tion to the present case. Possibly collision between a stimulated and 
a subactivated ferrioxalate ion may result in chemical action, thereby 
leading to a higher y value than would be the case if no “‘ stimulated ” 
ions were to exist; or possibly, a subactivated ion (already assumed 
to be of comparatively long life) may, by encounter with a light 
quantum, be “ stimulated,” and thereby turned into a fully activated 
ion, which then reacts with a normalion on collision. It is, of course, 
necessary to assume that such interaction between subactivated 
ions and either stimulated ions or light quanta only takes place 
when the frequencies involved in subactivation and stimulation 
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are different, and for this reason we prefer the second of the two 
mechanisms just suggested; for it would appear natural that a 
molecule which had already absorbed a quantum hy,, and had 
thereby become activated (or subactivated), should no longer possess 
the favourable configuration or energy distribution which had made 
possible the exceptional process of quantum absorption, and there- 
fore, whilst not responding to stimulation by another quantum of 
the same size, might, on the other hand, well be capable of respond- 
ing to an encounter with a quantum, hv,, of another size. And if 
the readiness of stimulation, by light of frequency v,, of a molecule 
already subactivated by absorption of a quantum hy,, be perhaps 
a function of the difference between v, and v,, being greater the 
further apart the two frequencies (always provided that v, can 
effect stimulation), then the absence of any unusual effect when using 
a continuous band of light would be explicable. 

The ad hoc nature of the above suggestion is recognised, and further 
experimental work is being carried out in this laboratory on the 
subject. 


UNIVERSITY OF LONDON, 
Kina’s CoLLece. [Received, April 27th, 1929.] 





CXCIX.—Germanium. Part IV. The Solubility of 
Germanium Dioxide in Acids and Alkalis. 


By Wrir11amM Pues. 


Tue method of solubility measurements in dilute solutions of acids 
and alkalis, which has been employed by Wood (J., 1908, 93, 411; 
1910, 97, 878) to determine the acid and basic dissociation constants 
of certain inorganic amphoteric hydroxides, is an application of the 
Lowenherz solubility method and appears to have led to a reason- 
able value for the basic dissociation constant of arsenious acid 
(loc. cit.). Now, germanium hydroxide bears a striking resemblance 
to arsenious hydroxide in many ways: it is a true amphoteric 
hydroxide; as a base, it forms a series of salts with the halogen 
acids; and, as an acid, it forms the germanates, the preparation and 
properties of some of which have already been described by the 
author (J., 1926, 2828). These germanates appear to be more 
stable and more characteristic of the element than the halogen 
compounds. A comparative study of their behaviour towards 
water indicates that germanium hydroxide is essentially an acid. 
In order to confirm this, quantitative measurements of the solubility 
of germanium dioxide in.acids and alkalis were undertaken. It was 





1538 PUGH: GERMANIUM. PART IV. THE SOLUBILITY OF 


hoped that these results would lead to comparative values for the 
acid and basic dissociation constants of germanium hydroxide. 

The germanium dioxide employed was prepared from the pure 
disulphide by repeated treatment with concentrated nitric acid in 
quartz vessels and ignition at a bright red heat. The oxide, which 
had not been allowed to fuse, was ground with water, washed until 
free from sulphuric acid, and finally re-ignited. 

Solubility of Germanium Dioxide in Water —All determinations of 
solubility were made at 25°. A mixture of germanium dioxide and 
distilled water was agitated continuously in a Pyrex-glass flask ina 
thermostat until equilibrium was established: only after 6 days 
were the values obtained for the solubility concordant at 0-447 g. 
per 100 g. of water. The germanium dioxide in this and in all 
other solutions was determined by precipitating the sulphide after 
the addition of acid to bring the total acid concentration up to 6N. 
The precipitate was then well washed with 6N-acid saturated with 
hydrogen sulphide, and converted into oxide by ammoniacal 
hydrogen peroxide, according to the method of Johnson and Dennis 
(J. Amer. Chem. Soc., 1925, 47, 790): 

Solubility of Germanium Dioxide in Acids.—The method of deter- 
mination was similar to that described above, the dioxide being 
mixed with acids of known concentration. Solubility measure- 
ments were made in hydrochloric and sulphuric acids. In these 
cases, 8—-10 days were necessary to ensure complete saturation. 
The results are given in Table I. 


TABLE I. 


GeO,, GeO,, GeO,, GeO,, 
HCl, — g./100 HCl, = _g./100 H,S0O,, g./i00 H,SO,,  g./100 
mols./I. —.e. mols./l. —_e.e. mols. /1. c.c. mols. /I. c.c. 
0-000 0-4470 4-53 0-0920 0-000 0-4470 0-074 
0-25 04115 5-20 80-074 0-50 0°3550 , 0-054 
0-50 0-3810 5-72 0-102 0-98  0-2805 . 0-041 
1-50 0+2600 6-23 = 0-1820 ‘ 0-2000 . 0-019 
2-00 0-2185 6-85 0-3164 2: 0-1600 . 0-009 
2-925 0-1544 762 0-7660 2° 0-1305 0-140 
3-85 0-1140 : 0-099 


Consideration of these figures shows that the solubility of 
germanium dioxide in hydrochloric acid diminishes as the concen- 
tration of acid increases, reaching a minimum at 5-3N-acid, and 
then rising rapidly with further increase in the concentration of 
the acid. This is more clearly seen from the curve (Fig. 1). At 
the concentrations falling within the first portion of the curve it is 
obvious that germanium hydroxide is ionising predominantly as an 
acid, its ionisation, and consequently its solubility, being diminished 
by the introduction of foreign hydrogen ions. Beyond the minimum 
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it is equally obvious that germanium hydroxide is ionising as a 
pase, the increase in solubility being due to the formation of increas- 
ing quantities of germanium chloride. The behaviour of germanium 
hydroxide is therefore parallel to that of arsenious hydroxide 
(Wood, loc. cit.), with which the minimum occurs at 3-2N-acid. It 
is clear, then, that the basic dissociation constant of germanium 
hydroxide must be much smaller than that of arsenious hydroxide, 
which Wood calculated to be approximately 1 x 10-4. The same 
method of calculation applied to the present case does not, how- 


Fie. 1. 





























wa 












































6 8 
Acid, g.-equivs./litre. 


ever, yield a trustworthy value on account of the uncertainty 
involved in the extrapolation of the curve. 

When sulphuric acid is employed as solvent, the solubility of 
germanium dioxide is diminished continuously as the concentration 
is increased up to 16N; further, even in 95% acid the solubility 
has only one-third of the value it has in water. It is therefore 
probable that germanium sulphate is incapable of existence, at 
any rate in solution containing much water. The stability of any 
salt in water depends upon the magnitude of the dissociation con- 
stants of both acid and base. If both are small the salt may be 
completely decomposed by water. Thus, whilst germanium hydr- 
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oxide forms with hydrochloric acid a salt which is stable in aqueous 
solution containing large amounts of free acid, it is not able to 
form a salt with the weaker sulphuric acid even in the presence 
of a very large excess of acid. It is doubtful whether the small 
increase in solubility in the 95% acid is due to salt formation. 
Solubility of Germanium Dioxide in Alkali.—Since the acid dis. 
sociation constant of germanium hydroxide is probably far greater 
than the basic, which has already been shown to be very low, it is 
probable that the solubility of germanium dioxide will be increased 
by even small concentrations of alkali. The results obtained with 
solutions of caustic soda are given in Table II, in which S represents 


TABLE II. 


NaOH, mols. /I. GeO,, mols. /I. S — Sy. (S — S,)/C. 
0-00 0-0428 — 
0-00125 0-0440 0-0012 
0-0025 0-0483 0-0055 
0-005 0-0545 0-0117 
0-010 0-0675 0-0247 
0-0125 0-0746 0-0318 
0-025 0-1115 _  0-0687 
0-050 0-1693 0-1265 
0-100 0-2280 0-1852 


ie to tp ts to ty bp 
OD ora Gr Go bo 
Cree Ore = 


the solubility in sodium hydroxide of concentration C, and S,, that 
in water. It is clear that the solubility of germanium dioxide is 
increased over the whole range of concentration investigated. These 
results should, therefore, be suitable for the evaluation of the acid 
dissociation constant by the Lowenherz method, but actually they 
do not lend themselves to this treatment, for when values calculated 
from the table are substituted in the equation 


(free acid) x (free base) /(salt) = hydrolysis constant, 


negative values are obtained for the concentration of free base 
and hence for the hydrolysis constant. The explanation is found in 
the last column of the table, which shows that the increase in the 
concentration of germanium dioxide always exceeds the concen- 
tration of caustic soda. Precisely in what condition the germanium 
dioxide exists in solution is uncertain. All the solutions in caustic 
soda showed a well-defined Tyndall cone, and it is probable that 
the increase in solubility is due, in part at least, to a peptising 
action of caustic soda. It may also be that the solutions contain 
salts of condensed germanic acids. Salts of condensed silicic acid 
are known in the alkali-silica systems, and the author, in a previous 
communication (loc. cit.), has adduced some evidence of the exist- 
ence of condensed germanates in the system K,O—GeO, ; it is quite 
clear that there is a very close analogy between the two systems. 
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It is hoped to throw further light on this analogy by work at present 
in progress. 
Summary. 

(1) Measurements have been made of the solubility of germanium 
dioxide in solutions of hydrochloric acid, sulphuric acid, and sodium 
hydroxide. 

'(2) As an acid oxide, its solubility is repressed by hydrochloric 
acid, reaching a minimum at an acid concentration of 5-3N. 

(3) There is no evidence of the existence of germanium sulphate. 

(4) Solutions of germanium dioxide in caustic soda are colloidal 
and may also contain salts of condensed germanic acid. There is a 
striking resemblance between the systems alkali-germanium dioxide 
and alkali-silica. 


In conclusion, the author wishes to make acknowledgment to 
Professor J. Smeath Thomas for the loan of the material with which 
the work was carried out and for the kindly interest he has taken 
in its progress. 


UNIVERSITY OF CAPETOWN. [Received, May 27th, 1929.] 





CC.—Investigations on the Bivalency of Carbon. Part II. 
The Displacement of Chlorine from Desyl Chloride. 
Benzoin Diethylacetal. 


By AtLtaAn Mites Warp. 


THE mechanism of the displacement of chlorine from diphenyl- 
chloromethane was considered in Part I (Ward, J., 1927, 2285), 
where it was shown that the results were in accordance with the 
conception of Nef that the halogen displacement proceeds through a 
phase Ph,C<, involving bivalent carbon. The evidence was based 
on the observations that sodium hydroxide or ethoxide was without 
effect on the order of the reactions in alcoholic and aqueous-alcoholic 
solutions, the reactions in all cases being unimolecular. Further, 
s-tetraphenyldimethyl ether was readily formed from benzhydrol 
and also from diphenylchloromethane, and this may be easily 
accounted for on Nef’s hypothesis. It was not claimed that the 
experiments provided a crucial test for Nef’s views, and a possible 
alternative mechanism * was considered. 

The above method, which was also used for «-chloroethylbenzene 
in connexion with the problem of the Walden inversion (Ward, J., 


* In the British Chemical Abstracts (1927, A, 1061) this alternative was 
wrongly included as Nef’s hypothesis. 
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1927, 445) would serve to show if a number of reactions which have 
been assumed to proceed through a phase R,R,C<, do in fact all 
conform to the same reaction mechanism. With this end in view 
desyl chloride has been studied. 

Schroeter (Ber., 1909, 42, 2336, 3356) sought to correlate the 
Hofmann-Curtius, Beckmann, and benzilic acid transformations 
on the basis that they proceed through a phase involving univalent 
nitrogen or bivalent carbon. He found that hydrogen is evolved 
when sodium is added to a benzene solution of desyl chloride, and 
that if the products be heated, sodium benzilate is formed; he 
assumed the mechanism of the reaction to be 


PhCO.,-H  . Ph Na 
Pr>-C<Gy —> pR>e<q — 
Nacl + PB SVSc< —> Ph, C020; 


diphenylketen was then assumed to combine with hydrogen peroxide 
(as its sodium salt) to give sodium benzilate. More recently, 
Nicolet and Pele (J. Amer. Chem. Soc., 1921, 43, 935) have shown 
that hydrogen peroxide and diphenylketen, both alone and also in 
the presence of alkalis, do not react appreciably. Their results 
would not preclude diphenylketen as an intermediate phase, but the 
mechanism of the oxidation as suggested by Schroeter would appear 
highly improbable. Schroeter’s main support for his view that 
desyl chloride reacts via benzoylphenylmethylene rests on his 
observation that azibenzil on being heated in benzene solution gives 
diphenylketen in good yield : 


PIN Og > got BD 0 > Ph gneco: 
In view of the results now to be described, it is superfluous at this 
stage to discuss these rearrangements in the light of more recent 
work. 

Experiments on the displacement of chlorine from desyl chloride 
in alcoholic and in 10° aqueous alcoholic solutions in the presence 
and in the absence of sodium hydroxide or of sodium ethoxide at 
15-0° and at 25-0° are described in the present paper, but the 
mechanism of the chlorine elimination is quite different from that 
observed for diphenylchloromethane (loc. cit.). Thus, in alcoholic 
or in aqueous-alcoholic solution at 25-0°, desyl chloride is stable, 
but the addition of sodium hydroxide or ethoxide to the solution 
brings about a very rapid displacement of chlorine, the reaction 
being complete for N/10-alkali in less than an hour. The velocity 
coefficients (k) ealculated on the basis of a bimolecular reaction are 
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in good agreement when the concentrations of the reactants are 
approximately M/10, but for N/5-sodium hydroxide or ethoxide 
they are less regular and often show a considerable drift (see p. 1548). 
These variations may be due to side reactions or to inaccuracy in 
measurement owing to the rapidity of the reaction. The magnitude 
of k also diminishes with increasing concentrations of alkali. A 
nore detailed examination of the kinetic measurements is projected 
but is beyond the scope of the present work, which was undertaken 
to establish the identity or otherwise of Schroeter’s mechanism with 
those of the reactions previously studied by the author. 

The difference in the mechanism of the reaction in this case from 
those previously studied (as shown by the kinetic results), finds 
further support on the basis of the products obtained from desyl 
chloride in alcoholic and aqueous-alcoholic solution with sodium 
hydroxide and sodium ethoxide. When the final reaction mixture 
was added to dilute hydrochloric acid the product was benzoin. 
No evidence was obtained for the formation of benzoin ethyl ether 
(Fischer, Ber., 1893, 26, 2415; Irvine and MeNicholl, J., 1908, 
93, 1604), which, moreover, was found not to be decomposed by 
dilute hydrochloric acid at room temperature. 

The formation of benzoin only would appear to indicate that 
the chlorine of desyl chloride was displaced entirely by the hydroxyl 
group in ethyl-alcoholic solution (lime-dried) by the agency of 
sodium ethoxide. Intermediate compounds were therefore sought, 
and benzoin diethylacetal was isolated from the material obtained 
by evaporating the solvent from the solution remaining after the 
reaction of desy] chloride with sodium ethoxide in alcoholic solution, 
and also with sodium hydroxide in alcoholic and in aqueous-alcoholic 
solutions. Further, this compound was found to be decomposed 
rapidly to benzoin in the presence of dilute hydrochloric acid. 

A number of experiments were carried out in an attempt to 
identify all the products of reaction and to separate them quantita- 
tively. The acetal and benzoin were isolated in all cases, but their 
quantitative separation was not accomplished (small amounts of 
higher-melting products were occasionally formed, presumably 
during the attempted separations). Since weighed amounts of the 
products, when treated with aqueous hydrochloric acid, yielded 
benzoin quantitatively, the proportions of the acetal and benzoin 
were deduced from a Zeisel determination of the ethoxyl group in the 
product. The determinations given in the experimental portion 
of the paper correspond with the production of 78% of the acetal at 
15° in ethyl-alcoholic sodium ethoxide solution, of 74% in ethyl- 
alcoholic sodium hydroxide solution, and of 54% in 10% aqueous 
ethyl-aleoholic sodium hydroxide solution. 
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It is suggested that the mechanism of the formation of the acetal 
is as follows, 


H 1-H 
Wi inane = “Sas thy BAY <0 + NaCl» = lg 
ORt 
Ph-C—O von Ph: eo Ph-C(OEt), 
the primary reaction consisting of an addition at the carbony] group, 
Such addition is feasible in view of theresults of anumber of workers, 
e.g., Lachman (J. Amer. Chem. Soc., 1923, 45, 1513, 1534) found 
that both benzil and benzoin form equimolecular additive com. 
pounds with sodium ethoxide. The kinetic results would find a 
general explanation if it is assumed that stage I is slow compared 
with stage II. No explanation of the dependence of the magnitude 
of the velocity coefficients on the concentrations of the reactants 
would, of course, be obtained on this scheme. 


EXPERIMENTAL 


The Preparation of Desyl Chloride——The preparation was first 
carried out essentially as indicated by Schroeter (Ber., 1909, 42, 
2348) and adopted by McKenzie and Wren (J., 1910, 97, 481), with 
l-benzoin. The yields of pure desyl chloride obtained were poor, 


and considerable amounts of benzil were formed. Various modi- 
fications were tried, and the preparation was finally accomplished 
satisfactorily by applying the method of Darzens (Compt. rend., 
1911, 152, 1314). Benzoin (20 g.), and pyridine (10 g.) were heated 
together until a homogeneous solution was obtained. The melt 
was rapidly cooled, and the solid was roughly powdered and treated 
with thionyl chloride (15 g.), added slowly with vigorous stirring 
and water cooling. Considerable heat evolution accompanied each 
addition, and the material became pasty. The product soon set to 
a hard light brown solid, and after about an hour, water was added, 
the product filtered off, twice finely triturated with water, and then 
dried over sulphuric acid; yield, 21 g. The whole of this was 
refluxed (charcoal) for 20 minutes with about 500 c.c. of light 
petroleum (b. p. 40—60°), and filtered from a considerable amount 
of solid. Clusters of short colourless needles soon began to separate 
from the yellow solution; after about } hour the crop was filtered 
off, washed with light petroleum, and air-dried; yield, 7-5 g. The 
mother-liquors were used for a second extraction of the undissolved 
solid, yielding 5-0 g. of colourless crystals. A third extraction gave 
3-5 g. of colourless needles, and only a few crystals separated after 
a fourth extraction. The combined crops (16 g.) melted at 67— 
67-5°. The solvent was distilled off on a water-bath from the 
mother-liquors; until the volume of solution remaining was about 
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75 c.c.; on cooling, a crop of crystals (1-85 g.) was deposited; and 
when recrystallised from light petroleum, had m. p. 67° (yield 
1-6 g.). The yellow liquors, when allowed to evaporate spontan- 
eously, left a brownish pasty solid (0-5 g.) and some long yellowish- 
green needles. About a dozen of these were picked out, and had 
m. p. 92—93°; mixed m. p. with benzil 93—94°. Benzil is, there- 
fore, formed in this reaction in small amount. (The specimen of 
benzoin used was free from benzil.) 

Desyl chloride crystallises from light petroleum (b. p. 40—60°) 
in clusters of fine colourless needles, m. p. 67° (very slow heating) 
[Found : Cl (Stepanow’s method), 15-4. Cale.: 15-4%]; it decom- 
poses and becomes brown when exposed to sunlight. 


Kinetic Experiments. 


Experiments failed to detect any reaction of desyl chloride in 
alcoholic or in aqueous-alcoholic solution during 5 days at 25°, but 
the presence of sodium hydroxide or ethoxide caused the displace- 
ment of the halogen to take place very rapidly. For instance, 
desyl chloride (1-5205 g.) was dissolved in 90 c.c. of ethyl alcohol 
at 25-0° and 10 c.c. of aqueous 1-22N-sodium hydroxide were added ; 
10 c.c. of the solution, when withdrawn at times ¢ and titrated at 
once against alcoholic benzoic acid (0-946N /10) with phenolphthalein 
as indicator, gave the following results : 
¢ (mins.) 8 13 18 28 48 108 1140 3960 
Titre (c.c.) ...... 8°20 630 569 550 538 513 461 2-25 2-00 
The theoretical initial titre is 12-90 c.c., and the theoretical final 
titre, corresponding to the formation of 1 mol. of hydrogen chloride 
per mol. of desyl chloride, is 5-91 c.c. The above figures therefore 
indicate that a rapid reaction takes place corresponding to the 
halogen displacement, followed and possibly accompanied by a much 
slower reaction. Further experiments with desyl chloride in ethyl- 
alcoholic solution with sodium hydroxide or ethoxide gave similar 
results, but the extent of the assumed slow reaction was variable. 

It appeared probable that the slow reaction depends upon the 
presence of oxygen, for vigorous shaking of the solution in contact 
with air caused a much more rapid change in titre than in the absence 
of shaking. Benzoin may possibly be formed as a result of the 
displacement of the chlorine from desyl chloride, and it is known 
that, in alcoholic sodium hydroxide solution in contact with air, 
this undergoes transformation to benzilic acid (see Klinger, Ber., 
1886, 19, 1868; Knoevenagel and Arndts, ibid., 1902, 35, 1982; 
Lachman, J. Amer. Chem. Soc., 1923, 45, 1529), and this would 
account for the slow disappearance of alkali. 

The following observations on benzoin illustrate this point: 
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Ethyl alcohol (about 70 c.c.) was added to benzoin (2-088 g.), followed 
by 20 c.c. of aqueous sodium hydroxide, and the total volume was 
made up to 100 c.c. with ethyl alcohol, the temperature being 25-0°, 
The solution became cherry-red and some solid remained undis. 
solved. Samples (10 c.c.) withdrawn at the times shown gave the 
following titres against alcoholic benzoic acid (0-946N/10) with 
phenolphthalein as indicator. 
Time (hrs.) 0-1 0-58 6-55 18 42-5 114 
Titre (c.c.) 24-40 23-59 21-90 21-41 14-25 10-44 
The reaction mixture was shaken from time to time ; the abnormally 
small change in titre 
between ¢ = 6-55 and 
t= 18 corresponds to 
the solution being kept 
over-night without 
shaking. At the time of 
the final titre, all solid 
had dissolved, forming a 
yellow solution. 

The progressive 
change in titre beyond 
an amount correspond- 
ing to the formation of 
1 mol. of hydrogen 
chloride per mol. of desy! 
chloride was avoided by 
carrying out all experi- 
ments in an atmosphere 

__ of hydrogen, as follows: 
= A measured volume of 
ethyl alcohol was added 

to a known weight of 
desyl chloride in A (Fig. 

1). The mixture was 
well shaken, and _ the 
desyl chloride dissolved 
completely to a colour- 
less solution. (All ethy! 
alcohol used was dried 
by refluxing and distill- 
ing ordinary absolute 
alcohol over quick-lime.) Measured volumes of standardised sodium 
hydroxide or ethoxide solutions (10 c.c., or 20 c.c. in some experi 
ments) were contained in B. The relative volumes in A and B were 


Fria. 1. 
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so adjusted that the total volume of solution was 100 c.c. B con- 
sisted of a boiling tube, modified as shown, of about 25 c.c. capacity. 
Ashort length of platinum wire was sealed through the bottom of B, 
and fused into a glassrod D. B was then held in position as indicated 
by means of the pinch-clip and rubber tubing at C. The reaction 
vessel was immersed in the thermostat and the apparatus well swept 
out with dry hydrogen, which had first passed through a flask 
immersed in the thermostat and containing solvent of the same 
composition as in A (after mixing). The clip C was then released, 
the glass rod pushed through the bottom of B, the apparatus well 
shaken, and the rod withdrawn, C being at once closed. Zero time 
was taken by means of a stop-watch, started immediately after 
breaking B. Samples (10 c.c.) were transferred to the pipette by 
suitable adjustment of taps E, G, J, K, and C, and added to 25 c.c. 
of standard hydrochloric acid (N/10 approx.) at times ¢. The 
reaction was thus at once stopped, and titrations of excess acid 
in the solution were made against standard sodium hydroxide with 
phenolphthalein as indicator. 

Below are given two typical results at 25° showing the rapidity 
of the displacement in the presence of sodium hydroxide or sodium 
ethoxide, together with the method of calculation. The concen- 
trations of desyl chloride and of sodium hydroxide and ethoxide 
are expressed in g.-mols./].; and the amount of water added (if any) 
is given as % by vol. 

(1) Desyl chloride, 0-0828 mol./l.; sodium hydroxide, 0-1193 
mol./l.; 10 ¢.¢. of reaction mixture added to 25 c.c. of 0-988N /10- 
HCl and titrated by 0-999N/10-NaOH. The values at ¢ = 0 are 
calculated from the amounts of sodium hydroxide (6) and desyl 
chloride (a) used. The amount of sodium hydroxide at time ¢ (?.e., 
b— 2x) is given by 25 x 0-988 — 0-999 x (titre at time ¢). The 
amount of desyl chloride present at time ¢ (t.e., a — x) is calculated 
on the assumption that desyl chloride and sodium hydroxide react 
molecule for molecule. On this basis the theoretical final titration 
is21-07c.c. The velocity coefficients are calculated for a bimolecular 
reaction, k = 2-3/t(a — b). log, )b(a — x)/a(b— x), where ¢ is 
expressed in minutes, and a, b, and x are measured in c.c. of N/10 
strength per 10 c.c. of solution. The values of & in all experiments 
are thus calculated. 


t. Titre. is kx 104. r Titre. 2. kx104, 
12-78 — 19-80 7-01 338 
25 15-93 . 375 20°33 7-54 352 
y 16-90 . 361 20-52 7:73 326 
3°75 18-21 ° 334 21-03 8-24 —- 
18-91 . 342 21-18 — — 
Mean 347 


3G 
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(2) Desyl chloride, 0-0860 mol./l.; sodium ethoxide, 0-1205 
mol./l.; 10 c.c. of reaction mixture added to 25 c.c. of 0-994N /10. 
HCl and titrated by 1-040N/10-NaOH. 


te Titre. x. k x 104. t. Titre. z. k x 104, 
12-31 — — 7 18-72 ? 285 
‘75 14-29 2-06 (334) 10 19-37 : 286 
5 15-32 3-13 293 13 19-85 ° 306 
2-5 16-54 4-40 304 317 20°51 — 
17-49 5-39 284 « (cale.) 20°58 


la! 


SS ww 


Mean 293 


The complete results obtained at 25-0° are summarised in the 
following table. 


Desyl Water, k x 104 k x 10! 
chloride. %. NaOH. NaOEt. (limits). (mean). 
0-0713 10 0-1079 400—419 409 
0-1259 10 0-1079 389—479 430 
0-0839 10 0-1016 429—473 455 
0-0795 10 0-1016 428—476 449 
0-0780 10 0-1016 413—480 445 
0-0828 —- 0-1193 326—375 347 
0-1039 0-0869 317—383 354 
0-0802 _- 0-1168 279—305 292 


Seeo@eeded eoooood Ceo © 


—_— 0-2104 240—262 237 
0-2288 — 140—188 168 


0-0739 
0-0854 


0-0860 — — 0-1205 284—306 293 


The last two sets of values in the above table were the only 
observations made at 25-0° for sodium hydroxide or ethoxide of 
concentration approximately N/5; more extended experiments 
were made at 15-0°, and a typical set of results at this temperature 
is set out to exhibit the greater variation amongst the individual 
values of the velocity coefficients in a given set of measurements, 
and the considerable drift often shown, together with the wider 
deviation of the final observed from the final calculated titration, 
as compared with experiments for NV /10-solutions : 

Desyl-chloride, 0-0845 mol./l.; sodium hydroxide, 0-2086 mol./I. ; 
water, 10% ; 10 c.c. of reaction mixture added to 25c.c. of 0-998N /10- 
HCl and titrated by 1-040N/10-NaOH. 

Titre. kx 10+ t. Titre. k x 104, 
3°76 — 1] 10-54 119 
6-06 138 15 10-97 115 
7-82 134 20 11-10 97 
8-93 126 384 11-88 — 

10-07 127 wx (eale.) 11°53 — 

The solution became yellow as soon as the alcoholic solutions of 
desyl chloride and of sodium hydroxide were mixed. The colour 
changed to cherry-red, which was quite definite at about 8 minutes 
after mixing and persisted during the remainder of the experiment. 
The colour change from yellow to cherry-red, which was not observed 
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in any experiments with N/10-alkali, took place in all experiments 
in which NV /5-alkali was used. 
The complete results at 15-0° are as follows : 


Desyl Water, k x 10! k x 104 
chloride. %. NaOH. NaOEt. (limits). (mean). 
0-0827 10 0-1027 177—204 189 
0-0832 10 0-1025 182—195 189 
0-0845 10 0-2086 97—138 122 


0-0805 0-0897 138—168 152 
0-0818 0-1159 122—148 136 
0-0873 0-1738 113—122 117 
0-0791 0-1794 118—144 124 
0-0852 0-2318 66— 95 84 
0-0814 0-1011 152—201 159 
0-0852 0-1223 136—157 140 
0-0815 0-1787 101—118 108 
0-0896 0-2092 102—111 103 
0-0831 0-2100 79— 94 87 


Products formed from Desyl Chloride. 


(a) Desyl chloride (2 g.) was dissolved in 100 c.c. of ethyl alcohol 
(lime-dried ethyl alcohol was used in all experiments) and main- 
tained at 25-0° for 3 days. The solution was poured into 100 c.c. 
of N/10-hydrochloric acid. The product was filtered off (1-85 g. 
after washing and drying) and identified as unchanged desy]l chloride, 


m. p. 66—67°, mixed m. p. 66—67°. 

(b) The same result was obtained when the absolute alcohol was 
replaced by 90% alcohol. 

(c) Desyl chloride (2 g.) was added to 100 c.c. of ethyl-alcoholic 
sodium ethoxide solution (0-2254N) at 25-0°, hydrogen having been 
bubbled through the solution to displace air, and the flask was then 
stoppered. This procedure was followed in experiments (d), (e), 
(g), (k), and (i). The yellow solution remained clear for a few 
minutes, and precipitation of sodium chloride then began. After 
an hour the solution was poured into some 200 c.c. of N /20-hydro- 
chloric acid at room temperature, and well stirred. The white 
precipitate which immediately separated was at once filtered, well 
washed with water, and dried in a vacuum desiccator over concen- 
trated sulphuric acid; yield, 1-65 g. (calc. for benzoin, 1-84 g.), 
m. p. 132—134°; mixed m. p. with benzoin (m. p. 133—134°) 
133—134°. 

(d) An experiment, carried out similarly to (c), with desyl 
chloride (2 g.) dissolved in 90 c.c. of ethyl alcohol and 10 c.c. of 
aqueous sodium hydroxide (1-079N) yielded 1-65 g. of benzoin, 
mn. p. 129° (shrinkage at 115°), mixed m. p. 132° (softening at 120°). 
The m. p.’s found in these experiments were often lower than 134°, 
the value recorded for pure r-benzoin (Hopper and Wilson, J., 1928, 
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2489), but considerable difficulty is experienced in raising the m. p, 
to this value. Various temperatures are given in the literature for 
the m. p. of benzoin, e.g., 129° (“‘ Organic Syntheses,’’ I, 33), 129— 
130° (Delacre, Bull. Acad. roy. Belg., 1893, 26, 270), 132°5—133-5° 
(McKenzie and Wren, J., 1908, 93, 311), 137° (Jena and Limpricht, 
Annalen, 1870, 155, 89). 

(e) Isolation of Benzoin Diethylacetal—Desy] chloride (4-565 g,) 
was dissolved in 100 c.c. of ethyl alcohol, 100 c.c. of ethyl-alcoholic 
sodium ethoxide solution (1-98N/10) were added, and the solution 
was kept at 15° for 2days. The precipitate which began to separate 
almost immediately after mixing was filtered off and washed with 
alcohol; yield, 1-05 g. (calc. for NaCl, 1-16 g.). When the yellow 
filtrate was concentrated to about 75 c.c. by distillation under 
diminished pressure on the water-bath at 25° a yellow gum began to 
separate; it dissolved on shaking, giving a turbid yellow solution, 
which was evaporated at room temperature. After 9 days a yellow 
oil remained together with a few crystals. Some 25 c.c. of light 
petroleum (b. p. 40—60°) were added ; a clear solution was obtained, 
and a few crystals did not dissolve. The solution was inoculated 
with benzoin diethylacetal (from a previous preparation) and a crop 
of crystals separated from the solution. The solvent was allowed 
to evaporate completely, giving 5-3 g. of a well-crystallised, but 
slightly yellow product. This was warmed with about 15 c.c. of 
light petroleum (b. p. 40—60°). A part (A) which did not dissolve 
was filtered off, giving 0-71 g.; the clear solution on cooling deposited 
large colourless crystals (B), which were filtered ; yield, 2-90 g. The 
liquors were allowed to evaporate and gave 1-53 g. of a yellow, oily 
solid (C). A, B, and C were examined separately: A was boiled 
with 25 c.c. of alcohol and left 0-08 g. of sodium chloride; the 
colourless solution remained homogeneous on standing, but addition 
of water gave a colourless crystalline precipitate (0-47 g.; m. p. 
66—67°) which was doubtless benzoin diethylacetal. Excess of 
water precipitated a further 0-08 g. of solid from the solution. B 
was crystallised from some 10 c.c. of light petroleum (b. p. 40—60"), 
giving 2-07 g. of large colourless crystals of benzoin diethylacetal 
[Found: C, 75-1; H, 7:7; OEt, 30-4. C,,H,,O(OEt), requires 
C, 75-5; H, 7-7; OEt, 31-5%]. Without special precautions, the 
ethoxyl determinations were somewhat lower (29-3, 29-8%), but if 
the mixture was kept at room temperature for 3 hours, and then 
slowly heated during a further 2 hours, in order to avoid loss of ethyl 
alcohol, the results were better. Crop C and the liquors from B 
yielded benzoin (0-64 g.) and benzoin diethylacetal (0-53 g.). 

Benzoin diethylacetal was readily soluble in all the common 
organic solvents tried, but least soluble in light petroleum (b. Pp. 
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40—-60°), from which it separated in large colourless crystals, 
m. p. 68°. Dr. G. M. Bennett, with the assistance of Mr. W. B. 
Waddington, kindly examined the crystals and reports as follows : 

The substance is monoclinic with a: b:c = 1-099: 1: 1-010, and 
3 = 94° 7’, the forms developed being c(001), a(100), m(110), r(101), 
R(101) and s(221), as illustrated Fie. 2 
by Fig. 2. This represents the Lic. 
full development of crystals 
obtained by slow crystallisation 
fom light petroleum. The 
forms r, R, and s were frequently 
absent, while still simpler 
thomb-shaped tabular crystals 
were often obtained having c 
large and bounded by m alone. 
The following are the mean 
angular values observed with six crystals : 

a(100). m(110). c¢(001). r(101). R101). (221). 
0° 0’ *47° 37’ 0° 0’ 0° 0’ 180° O° 47° 3’ 
90° 0’ *4° 7’ *44° 48’ 40° 19’ 70° 5’ 

The face ¢ tends to be replaced by a pair of vicinal faces. No 
marked cleavage could be detected. 

A straight extinction was observed on a and on c with reference to 
the edge rc. Examination in convergent polarised light shows the 
substance to be biaxial with one optic axis emerging through a 
nearly perpendicular to that face, the optic axial plane being 
coincident with the plane of symmetry (010). 

(f) Reaction between Benzoin Diethylacetal and Hydrochloric Acid.— 
Benzoin diethylacetal (1 g.), dissolved in 50 c.c. of ethyl alcohol at 
room temperature, was poured into about 200 c.c. of N/5-hydro- 
chloric acid. The resulting benzoin was filtered off after 5 minutes, 
washed with water, and dried ; m. p. 129—132°; yield,0-8g. (Calc., 
0-75 g.). 

(9) Reaction between Desyl Chloride and Ethyl-alcoholic Sodium 
Hydroxide.—Desy] chloride (2 g.), dissolved in 83 c.c. of ethyl- 
alcoholic sodium hydroxide solution (1-043N/10) at 15°, was kept 
over-night. The precipitate (0-42 g.; calc. for NaCl, 0-51 g.) was 
filtered off, washed with alcohol, and the washings were added to the 
filtrate, from which the solvent was evaporated at room temperature. 
After 10 days, the liquid had evaporated completely, and the product 
consisted of large colourless crystals, together with a small amount 
of yellow, pasty solid with an odour resembling that of ethyl 
benzoate. The finely powdered product (Found: OEt, 23-3%) 
‘oftened at 51°, the main portion had melted by 65°, and a very 
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small amount ( ? sodium chloride) remained unmelted at 140°. The 
ethoxyl determination was carried out as in (e), except that the 
silver halide was well washed with dilute ammonia to remove any 
silver chloride which might be present with the iodide. Not more 
than a trace of silver chloride should be present in (g) and (i), 
Adjustment was made in the calculation of results in (h) for the 
theoretical amount of sodium chloride which should be present in 
the products on which the Zeisel determination was made. 

1 G. of the product was shaken with a few c.c. of alcohol (a very 
small amount did not dissolve), and 100 c.c. of 2N-hydrochloric 
acid were added. The oil which separated solidified on stirring 
to a hard, very pale yellow solid, which was filtered off, ground toa 
fine paste with water, and washed with dilute hydrochloric acid, 
The colourless solid obtained was washed with water, and dried ina 
desiccator over calcium chloride; yield, 0-69 g., m. p. 125—129° 
(shrinkage at 119°); mixed m. p. with benzoin 131—132° (shrinkage 
127°). 

(h) Reaction between Desyl Chloride and Aqueous Ethyl-alcoholic 
Sodium Hydroxide.—Desy] chloride, (2-3 g.) was dissolved in 90 c.. 
of ethyl alcohol at 15-0°, 10 c.c. of aqueous N-sodium hydroxide 
were added, and the solution was left over-night. Without separa- 
tion of the considerable crop of small colourless cubes which slowly 
formed, the solution was evaporated at room temperature and after 
9 days a mixture of colourless and pale yellow crystals resulted 
(Found: OEt, 17-0%) with a slight ethereal smell; yield, 3-08 ¢. 
(of which 0-58 g. should be sodium chloride). The substance 
softened at 53°, and the main bulk melted by 120°, although 
a considerable amount (? sodium chloride) remained unmelted 
at 140°. 

1 G. of the product was treated with about 10 c.c. of alcohol; an 
appreciable amount did not dissolve. Hydrochloric acid (100 c.c.; 
2N) was added, and crystals rapidly separated ; yield 0-63 g., m. p. 
124—129° (softening at 118°), mixed m. p. with benzoin 130—132° 
(softening at 130°). 

(t) Reaction between Desyl Chloride and Ethyl-alcoholic Sodium 
Ethoxide.—To sodium ethoxide solution (100 ¢.c.; 1-067N/10) at 
15°, desyl chloride (2-45 g.) was added, and the mixture kept over- 
night. The resulting solid was filtered off and washed with alcohol, 
the washings being added to the filtrate; yield, 0-55 g. (Calc. for 
sodium chloride, 0-62 g.). Evaporation of the solvent at room 
temperature yielded large colourless crystals of the acetal and a 
small amount of yellow pasty solid as described above. The 
powdered products (2-85 g.) showed no trace of oiliness. A sample 
softened at 53°, the main bulk melted by 65°, and a very small 
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amount (? sodium chloride) remained unmelted at 140° (Found : 
OEt, 24-5%). 

1 G. of the product was treated as in (9) ; yield 0-71 g., m. p. 128— 
131° (softening at 127°), mixed m. p. with benzoin, 131—133° 
(softening at 128°). 


Str Joun Cass TECHNICAL INSTITUTE, 
Lonpon, E.C. 3. [Received, May 11th, 1929.] 





(Cl.—The Nitrosation of Phenols. Part VI. Further 
Study of the Nitrosation of m-Chlorophenol. 


By Hersert Henry Hopason and ArRNoLD KeERsHAw. 


Tue two alleged forms of 3-chlorobenzoquinone-4-oxime, stable 
respectively towards acid and alkali (Hodgson and Moore, J., 1923, 
123, 2499), are now shown to be impure specimens of one 3-chloro- 
benzoquinone-4-oxime, the reddish colour of the acid-stable specimen 
being due to traces of decomposition products formed during the 
drastic acid treatment. As Hodgson and Moore have shown (J., 1926, 
2036) that Kehrmann’s stereoisomeric 4-chloro- and 4-bromo-2 : 5- 
toluquinoneoximes are also impure specimens of individual com- 
pounds, geometrical isomerides of this type of product have not yet 
been prepared. 

The conversion of 3-chloro-4-nitrosophenol into the oxime by 
acid and by alkali is readily explained by current electronic theories 
(see Allan, Oxford, Robinson, and Smith, J., 1926, 401; numerous 
papers by Ingold and collaborators; and especially Baker, J., 
1928, 1583), as are also the relative stabilities of the nitroso-compound 
and the quinoneoxime, the probable non-reversibility of the con- 
version, the pronounced yellow colour of the nitroso-compound in 
contrast to the almost complete absence of colour from the quinone- 
oxime, and the individual character of the latter, which is emphasised 
by its crystallisation from media containing pyridine on the one 
hand and acetic acid on the other. 

The nitroso-group is peculiar in possessing mobile electrons which 
enable it to function as an electron-source or -sink as the occasion 
demands. In hot acid solution the proximity of a hydrogen ion 


Cl 


ry t Pas 
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will induce a polarisation (I) such that the nitroso-oxygen atom 
tends to become negatively charged. Simultaneously with the 
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attachment of this hydrogen the hydroxyl hydrogen will ionise 
(II), and all the more readily owing to the general effect of the 
m-substituted chlorine atom. 

That the m-chlorine atom is exerting a deactivating influence on 
the 4-carbon atom is shown by the fact that m-chlorophenol under. 
goes nitrosation much more slowly than phenol itself. The tardiness 
of the conversion into the quinoneoxime may perhaps be ascribed 
to the constraint placed upon the lone pair of electrons of the 
nitrogen atom by the inductive effect of the chlorine. This con- 
version is in striking contrast to the rapid destructive action of hot 
acids upon p-nitrosophenol itself. m-Bromo- and m-iodo-phenol 
behave in like manner on nitrosation. 

Once it is produced, 3-chlorobenzoquinone-4-oxime may form a 
chelate ring (III) through the chlorine and the hydrogen (compare 
Sidgwick and Callow, J., 1924, 125, 533, for co-ordination in the 
case of o-chlorophenol) : this would considerably tighten the elec- 
tronic framework of the molecule and so account for its very feeble 
colour, which is in striking contrast to the brilliant yellow colour 
of the electronically looser 3-chloro-4-nitrosophenol (compare the 
views expressed by Hodgson and Cooper, this vol., p. 231, on the 
colours of the nitrophenylhydrazones). 

Co-ordination or direct effect or steric hindrance or associations 
of these influences may secure the individual character of the oxime 
when once formed and also the impossibility of reversion to the 
nitroso-compound and of its existence in geometrical isomerides. 

The action of alkalis on 3-chloro-4-nitrosophenol is readily 
explained by the approach of the hydroxyl ion to the phenolic 
hydroxyl group with consequent ionisation of the molecule (IV) and 
rearrangement, by electronic transfer, to the ion (V) of the oxime 
tautomeride : 

Cl Cl 


A 
- lay ba * 
wy Bo Sgn —> o=- YS=N-0 wv) 
AS ay 


On acidification the proton will attach itself to the negative nitroso- 
oxygen atom and not to the depolarised phenolic oxygen atom. 
The explanation of the reducing action of hydriodic acid on 
nitroso-compounds given by Earl, Ellsworth, Jones, and Kenner 
(J., 1928, 2697) as an additive reaction in the first instance may be 
substantiated by a similar application of electronic theory: The 
nitrogen atom is subject to electron demand owing to the tendency 
of the double-bonded oxygen atom to become negatively charged 
in the presence of hydrogen ions; therefore, on attachment of the 
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proton to the oxygen, the nitrogen atom will become positively 
charged and capture the iodine ion. Having again acquired a 
lone pair of electrons, the nitrogen atom can now attach a hydrogen 
ion and so facilitate the separation of a neutral iodine molecule 
from the intermediate unstable ammonium salt (VI) thereby formed, 
with consequent production of a hydroxylamine : 
LY @& & as Wy oO Hy } 
R-N—O + H+ I—> R—-N—0H+H+I—+> R—N—OH;I 
] I (VI) 
3-Chloro-4-nitrosoanisole is bright green, and the so-called 3-chloro- 
4-nitrosophenol is bright yellow, both in the solid state and in 
solution. 3-Chlorobenzoquinone-4-oxime, however, gives feebly 
coloured, light green solutions, and its methyl ether is light yellow 
and gives feebly coloured, light yellow solutions. Further it is 
remarkable that, although concentrated sulphuric acid immediately 
converts the nitroso-compound into the oxime, the two substances 
give Liebermann nitrosoamine reactions which differ appreciably, 
the oxime yielding a definitely bluer colour. Solutions of p-benzo- 
quinonedioxime 4-methyl ether in water and in alcohol are greenish- 
yellow. 

The melting points of 3-chloro-4-nitrosoanisole (60°) and 3-chloro- 
benzoquinone-4-oxime methyl ether (113°) are in accordance with 
the view expressed by Hodgson and Moore (J., 1925, 127, 2260) 
that nitroso-compounds appear always to melt at a lower 
temperature than the corresponding oximes. 


EXPERIMENTAL 

Preparation of 3-Chloro-4-nitrosophenol.—m-Chlorophenol (4 g.), 
dissolved in a solution of sodium hydroxide (2 g.) and sodium nitrite 
(10 g.) in water (300 c.c.), is ice-cooled externally while a mixture of 
sulphuric acid (8 c.c.) and water (12 c.c.) is added with vigorous 
stirring during 2 hours. The filtered solution is placed in a flask 
which it just fills and which is closed and kept in the dark over- 
night. The deposited 3-chloro-4-nitrosophenol (yield, 40%) is 
washed with water and dried in the dark. The product melts at 
133° (Hodgson and Moore, loc. cit., give m. p. 129-6°), but rapidly 
tarnishes in daylight. On exposure in alcoholic solution to ultra- 
violet light it is transformed into resinous products. It is readily 
soluble in ether, the yellow colour of the solution being much more 
intense than the green colour of a similar solution of the oxime. 

3-Chloro-4-nitrosoanisole.—Potassium persulphate (20 g.) is stirred 
into sulphuric acid (40 g.), the mixture kept for 1 hour at room 
temperature, poured on ice (300 g.), neutralised with potassium 
carbonate, and just made acid with acetic acid. This mixture is 

3a2 
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added to a solution of 3-chloro-4-aminoanisole hydrochloride (3-5 g.) 
in ice-cold water (300 c.c.) which has previously been rendered first 
faintly alkaline with sodium hydroxide and finally just acid with 
acetic acid. The resulting mixture is stirred for 3 hours at 0° and 
filtered, and the residue is extracted with water (300 c.c.) to remove 
the entangled potassium sulphate and distilled with steam. 3-Chloro. 
4-nitrosoanisole passes over rapidly; it crystallises from alcohol or 
light petroleum in stout, bright green prisms or plates, m. p. 60° 
(Found: Cl, 20-6. C,H,O,NCI requires Cl, 20-7%). 

3-Chlorobenzoquinone-4-oxime.—(a) Alkali method. A solution of 
3-chloro-4-nitrosophenol (4 g.) in the minimum quantity of saturated 
aqueous sodium carbonate is filtered and immediately acidified 
with dilute hydrochloric acid. The precipitated oxime is washed 
with water, dried, ground with five times its weight of animal charcoal, 
and repeatedly extracted with boiling benzene (30 c.c.). The 
earlier extracts remove the coloured impurity and from the later 
ones 3-chlorobenzoquinone-4-oxime crystallises in very pale greenish. 
yellow needles or larger parallelograms according to the rate of 
crystallisation; m. p. 184° (decomp.) (Hodgson and Moore, loc. cit., 
give m. p. 178°) (Found: Cl, 22-5%). 

(b) Acid method. 3-Chloro-4-nitrosophenol is boiled for 1 minute 
with insufficient 10% sulphuric acid to dissolve it entirely. The 
residue is dissolved separately in excess of the hot acid and the 
product which separates on cooling is twice crystallised from benzene 
containing 2% of acetic acid; it then has m. p. 184° (decomp.), 
which is not depressed by admixture with a specimen prepared by 
the alkali method. This product has a somewhat deeper tint than 
that prepared by method (a), owing to the presence of a red impurity, 
produced by the boiling acid, the last traces of which are very 
difficult to remove. 

The molecular weights of the nitroso-compound and of the alkali 
and acid conversion products, determined cryoscopically in phenol 
and in naphthalene, are normal. 

3-Chlorobenzoquinone-4-oxime gives in dilute aqueous sodium 
hydroxide and sodium carbonate red solutions which become 
green on dilution, behaving in this respect like p-nitrosophenol. It 
is much more soluble in water than the nitroso-compound; a cold 
solution has a feeble yellow-green colour, and a hot one a more 
pronounced green. 

The benzoate is prepared by the addition of benzoyl chloride to 4 
solution of either the oxime or the nitroso-compound in aqueous 
sodium carbonate, and separates from chloroform, on careful 
addition of light petroleum, in golden-brown prisms, m. p. 189-5° 
(Found : Cl, 13-7. C,,HgO,NCI requires Cl, 13-6%). 





ON THE CONNEXION BETWEEN ABSORBED ENERGY, PTC. 1557 


3-Chlorobenzoquinone-4-oxime methyl ether is obtained by the 
addition of methyl sulphate to a solution of either 3-chlorobenzo- 
quinone-4-oxime or 3-chloro-4-nitrosophenol in saturated aqueous 
sodium carbonate, followed by a few drops of aqueous sodium 
hydroxide. It is readily isolated by steam distillation and crystal- 
lises from 50% aqueous alcohol in pale yellow needles, m. p. 113° 
(Found : Cl, 20-6. C,H,O,NCI requires Cl, 20-7%). 

p-Benzoquinonedioxime 4-methyl ether is prepared by heating a 
mixture of p-benzoquinoneoxime 4-methyl ether (1 g.), hydroxyl- 
amine hydrochloride (2 g.), concentrated hydrochloric acid (4 c.c.), 
alcohol (20 c.c.), and water (3 c.c.) until dissolution occurs. The 
cooled mixture is kept for 3 days and then steam-distilled. From 
the greenish-yellow distillate, p-benzoquinonedioxime 4-methyl 
ether crystallises in almost colourless needles, m. p. 115° (Found : 
N, 18-5. C,H,gO,N, requires N, 18-4%). 

Correction —In J., 1926, 2040, ‘“‘ 4-Halogenotoluquinone-5- 
monoximes ” should read “ 4-Halogenotoluquinone-2-monoximes,”’ 
and the 4-chloro-, 4-bromo-, and 4-iodo-toluquinone-5-oximes 
should each read ‘‘ -2-oxime.”’ 


The authors desire to thank the Department of Scientific and 
Industrial Research for a grant to one of them (A. K.), and the 
British Dyestuffs Corporation for gifts of chemicals. 


TECHNICAL COLLEGE, HUDDERSFIELD. [Received, May 8th, 1929.] 





OCII.—On the Connexion between Absorbed Energy 
and Velocity in Photochemical Reactions of the I°° 


Type. 


By ArtTHuR JoHN ALLMAND. 


Smncr the discovery that the rate of reaction between aqueous solu- 
tions of potassium oxalate and iodine in light is proportional to the 
square root of the intensity (Berthoud and Bellenot, Helv. Chim. 
Acta, 1924, 7, 307), a number of similar cases have been investigated, 
in the majority of which either bromine or iodine is the absorbing 
reactant. In reactions in which the velocity is proportional to the 
first power of the intensity, the quantum efficiency at a given 
temperature for light of a given wave-length has frequently a definite 
significance characteristic of the reaction (chain reactions excepted), 
being independent of intensity, thickness of reaction vessel, and, 
within certain limits, the concentration of the absorbing reactant. 
On the other hand, the quantum efficiency for a reaction depending 
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on the square root of the incident light (termed J®® reactions iy 
what follows) is essentially a function of all these variables. 

It therefore becomes of interest to inquire whether there is not 
some constant which is as characteristic of such a reaction to the 
same degree as y is of the J?° reactions, i.e., a function of wave. 
length and temperature, but independent of light intensity, cop. 
centration of absorbing reactant, and thickness of reaction cell. 

It is suggested that constants analogous to the photochemical 
susceptibility (c) of Henri and Wurmser (J. Physique, 1913, 3, 305) 
and of Boll (Ann. Physique, 1914, 2, 5, 226) and the coefficient of 
utilisation (T) of Tian (Ann. Physique, 1916, 5, 248), developed for 
I*° reactions, are suitable for the purpose. o is merely the pro. 
portionality constant &, of the old “intensity formulation ” of 
photochemical change (e.g., Gros, Z. physikal. Chem., 1901, 37, 157), 
according to which the rate is given by the ex»:os:ion 


—dajdi=bTy . «vee (I) 


where ¢ is the concentration of the absorbing reactant and /) the 
incident intensity, whilst T is the proportionality constant k, of 
the old “absorption formulation” of photochemical chang 
(Luther, Z. Hlektrochem., 1908, 14, 445), which wrote 


— dx/dt = k, x (absorbed light) . 


and originally assumed that the kinetic order of a light-absorbing 
substance (x in Equation 1) was always unity. In this case, it can 
readily be shown that k, = k,/a, or T =o/«, where « represents 
the extinction coefficient of the absorbing reactant, the general 
expression being I' = oc™1/a. If —dz/dt is expressed in mole 
cules and the absorbed light in quanta, T becomes of course identical 
with the quantum efficiency (y). 

Photochemical reactions of the I®> type can be regarded from the 
same two points of view. On the intensity formulation, we can 
write that, at any point in the photolyte, 


Rate = hI? 5" . . . . . . (3) 


where 7 is usually found in practice to be 0-5. Using the absorp- 
tion formulation, we have, again for any given volume element of 
the photolyte, 


Rate = k, Xx (rate of absorption of light)®> . . (4) 


The following table contains expressions for (i) rate of reaction, 
(ii) rate of reaction per unit absorption of energy, derived from 
Equation 4. It is assumed that insolation is effected by a beal 
of parallel light normal to the surface of the reaction vessel. /; 
is the incident flux per unit area, and J represents the distance of 
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any particular point in the photolyte measured from the front of 


the cell. 
Amount transformed per 
Amount transformed per unit time per unit 
unit time. absorption of energy. 
(a) In a layer of thick- 
ness dl, 
i) for. any v act ; 
) ef l. 7. yore ka. I,t.¢ 2 .ct.at.dl sad LZ 
I,i.e 2.ch.at 
ka 7 
™/rate of absorption of \! 
(iene per unit rchiadal) 





(ii) for l = 0. ka. I,t. ct. ai. dl 


(b) In a layer of finite 
thickness I, 
acl 2ha 


(i) general ex- fr. Re ee: it 
pression. Ba. Ef. cb. al Je phew <4 

2 uot It ch. at. (1 + 2) 

= ka. Igt. Ga: (l—e 2) 


(ii) acl very small, ka. [gt. at.ct.l ka 
very slight It. cl. at 
absorption. ka 
™/rate of absorption of \* 
light per unit volume 





(iii) acl very large, ka. It 2 2ka 
complete ab- ee a ae T,t. ct. ai 
sorption. 


It can readily be shown that k, = k,.c"/cta!, and from this 
relation the corresponding “ intensity formulation ’ expressions 
can be derived. Thus, the rate of reaction in a layer of thickness 


2 
| when absorption is complete is k,. I,'. ot 


Discussion. 


An examination of the above table leads to the following 
conclusions. 

(a) For any wave-length (characterised by definite values of k, 
and of «), the quantum efficiency, whilst always being inversely 
proportional to the square root of the incident intensity, is only 
inversely proportional to the square root of the rate of absorption 
of energy if acl is very small. 

(6) If, for a definite wave-length, incident intensity and depth of 
cell, the concentration be continually increased from a very small 
figure until absorption is practically complete, the quantum effi- 
ciency does not alter inversely proportionally with the increase in 
¢ during this transition, but less rapidly. In fact, yc! rises to 
double its initial value as c increases indefinitely, k,/I,*«! becoming 
2k,/ Tita. 
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(c) If, for a definite wave-length, incident intensity and concen. 
tration, the thickness be continually increased from a very small 
figure until absorption is practically complete, the limiting value 
of y obtained in very thick layers is double that got with a very thin 
layer. 

(d) In J*° reactions, although the absorbed energy can readily 
be calculated from J) on the assumption of the validity of the 
Beer-Lambert law, most workers prefer to measure it where 
possible. In the case of /®* reactions, this measurement would 
appear pointless in view of the non-characteristic nature of the y 
value calculated from it. A more rational proceeding would seem 
to be (i) to measure J,; (ii) to follow the rate of reaction; (iii) to 
calculate k, from one of the last three expressions in column 2 of 
the above table, knowing c,/, and «. As already indicated, if /, 
is expressed in terms of quanta and the decomposition in terms of 
molecules, the value obtained for k, will be such as to allow of the 
immediate calculation of y for any particular set of Jp, «, c and] 
values. 

The introduction of the constant k, has proved useful in connexion 
with the results of experiments in monochromatic light carried out 
in this laboratory on two photochemical reactions of the /*> type, 
viz., the oxidation of aqueous potassium oxalate by iodine and the 
decomposition of aqueous hydrogen peroxide solutions (hitherto 
always reported as being of the J*° type). When quantum eff- 
ciencies were calculated in the ordinary way, the results appeared 
anomalous. In the first case, under our particular experimental 
conditions, y passed through a maximum in the green. In the 
second reaction, which is in any event a more complex one, y35; 
was found, in certain circumstances, to be greater than either ys) 
OF Y975- When, however, the relative k, values were calculated, in 
both instances they were found to increase with frequency, just as 
is normally the case for J}° reactions.. 


UnIvERSITY OF LONDON, 
Krnae’s CoLLeGe. [Received, May 18th, 1929.] 


CCILI.—The Action of Phosphoric Oxide on B-Anilino- 
butyracetal. 


By Freperick ALFRED Mason. 


IN previous communications (J., 1925, 127, 1032; 1926, 955) a 
product was described which was obtained by the action of phos- 
phoric oxide upon §-anilinobutyracetal and was at first believed to 
be 1: 2-dihydfoquinaldine. Later, however, it was shown that 





ncen- 
small 
value 
’ thin 


alily 
F the 
yhere 
ould 
he y 
seem 
li) to 
2 of 
if J, 
is of 
f the 
ind | 


xion 
l out 
ype, 
| the 


ON B-ANILINOBUTYRACETAL. 1561 


the base consisted largely of quinaldine, accompanied by some 
unidentified product. 

On repeating the synthesis with larger amounts of substance it 
has been found that the crude condensation product on treatment 
with benzoyl chloride afforded benzanilide and a liquid residue 
consisting of practically pure quinaldine. The crude benzanilide 
melted at 161—163°, and after one recrystallisation at 167—168°. 
It is obvious, therefore, that no dihydro- or tetrahydro-quinaldine 
was present in the condensation product, otherwise it would have 
formed a corresponding benzoyl derivative which could have been 
readily identified. 

The action of phosphoric oxide upon $-anilinobutyracetal yields, 
therefore, solely quinaldine accompanied by aniline formed as a by- 
product of hydrolysis. 

Attempts were made to condense §-chlorobutyracetal with 
toluene-p-sulphonanilide in presence of sodium ethoxide or amyl- 
oxide in the hope of obtaining a more stable product; it was not, 
however, found possible to cause the substances to react. 


EXPERIMENTAL. 


8-Anilinobutyracetal_—The yield of this product is greatly im- 
proved by (1) continuous and vigorous stirring, (2) omission of all 
copper powder, (3) careful avoidance of all over-heating during the 
vacuum distillation of the residue, preferably indeed avoiding any 
distillation at all, as the anilinobutyracetal is unstable towards heat. 

The best results obtained were these: §-Chlorobutyracetal 
(100 ¢.c.) was dissolved in dry amyl alcohol (200 c.c.) with the 
addition of well-dried potassium carbonate (100 g.) and sodium 
iodide (8 g.). After stirring for 20 minutes, aniline (52 c.c.) was 
added, and the mixture refluxed in an oil-bath for 22 hours with 
good stirring. After cooling, and filtration of the solid residue, the 
excess of amyl alcohol was removed under reduced pressure, and 
the residue fractionated at 25 mm., giving the following fractions : 
100—120°, 15 c.c.; 120—160°, 28 c.c.; 160—190°, 50 c.c. (chiefly 
at 175—185°). 

In another preparation the chief fraction measured 62 c.c. 

Quinaldine.—62 C.c. of the crude §-anilinobutyracetal was added 
by degrees to pure dry benzene (200 c.c.) containing in suspension 
phosphoric oxide (60 g.). The mixture was left over-night at room 
temperature and was then heated under reflux on a water-bath for 
9} hours, cooled, and the benzene layer removed. After the 
addition of ice-water the residue was acidified with 10% hydro- 
chloric acid (50 c.c.), and the residual benzene removed in a current 
of steam. The residue was made alkaline with sodium carbonate 
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and again distilled in steam. The distillate was saturated with 
salt and extracted three times with a large amount of ether, which 
was then dried over sodium sulphate, the ether removed, and the 
residual pale yellow oil distilled at 17 mm. : to 120°, 3-8.c.c.; 120Q— 
145°, 6 c.c.; 145—165°, 10-5 ¢.c. (residue, 1—2 c.c. of yellow gum), 
the last fraction smelling strongly of quinaldine. 

The three fractions were treated separately with a slight excess 
of benzoyl chloride in presence of aqueous sodium carbonate; a 
clean white crystalline benzoyl derivative separated in each case, 
melting at 161—163° in the crude state and at 167—168° after 
recrystallisation from methyl alcohol. It was identified by analysis 
and by mixed melting point as benzanilide. 

The residual basic oils after removal of the benzanilide were 
combined, and distilled at atmospheric pressure, nearly all passing 
over at 240—250° and principally at 244—247°. The distillate was 
recognised by its odour and by the mixed melting point of the picrate 
as being pure quinaldine (m. p. of crude picrate 195—197°; after 
recrystallisation from alcohol, 196—197°; mixture, 196—198°). 

No other bases than aniline or- quinaldine could be detected 
except for the small amounts of high-boiling condensation products. 


Acknowledgment is made of a grant from the Chemical Society 
which has defrayed part of the cost of this investigation. 


Dyesturrs RESEARCH LABORATORY, COLLEGE OF TECHNOLOGY, 
MANCHESTER. [ Received, June 14th, 1929.] 





CCIV.—The Influence of Ethyl Ether and of Dimethyl- 
pyrone on the Availability of Hydrogen Chloride in 
Alcoholic Solution. 


By Vivian Ernest SaunperRs MircHett and James Rippick 
PARTINGTON. 


GoLpscuMiIpT and Upsy (Z. physikal. Chem., 1907, 60, 728) and 
Lapworth and Partington (J., 1910, 97, 19) have shown that small 
amounts of water exert a retarding effect on the esterification of 
carboxylic acids in alcoholic solution under the catalytic influence 
of hydrogen chloride. This effect is attributed to a change in the 
availability of the catalyst, which is greatly altered by small changes 
in water content. These changes in availability cannot be explained 
by Arrhenius’s theory of salt hydrolysis, but were interpreted on 
the assumption that the water acts as a base by uniting with 
hydrion to form a complex ion. 

Lapworth and Partington (loc. cit.) define the availability of an 
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acid as a function proportional to its capacity for forming com- 
plexes of hydrion with any monoacid base, and at any moment 
the concentration of complex ion is given by § = KBP, where K 
is a constant for the base in the medium used, B is the concentration 
of free base, and P is the availability of the acid. The definition of 
a base here employed is that it is a substance capable of uniting 
with hydrion. 

Goldschmidt and Udby found that with a given concentration of 
mineral acid and carboxylic acid, the velocity of esterification is 
nearly proportional to 1/(r-++ w), where r is a constant which 
depends only on the alcohol, and w is the concentration of water. 


Fic. 1. 





300 
280 4 


260 NORMAL REACTION (-Stgrad 


240 PHENYL ACETIC ACID (O-I3TN) + 
ETHYL ALCOHOL 
220 CATALYST HCL (0-:0243N) 


200 
180 
160 
140 
120 ETHER (0-619 grm) 
100 
80 
60 
40 
20 


3 
S 
3 
s 
£ 
= 
~ 
5 
SN 








LOG,..ta-x) SN 


Ce Pe Ce OD POC OG TIC OT TICS Og 





The constant r is called the “‘ water value ”’ of the sample of alcohol 
used. 

Since it is assumed that water retards the reaction by union 
with hydrion, the present work was undertaken with the view 
of determining the effect of other compounds, containing oxygen 
atoms which might be thought capable of similarly uniting 
with hydrion, on the rate of esterification of phenylacetic acid 
under the catalytic influence of hydrogen chloride. 

The compounds investigated were ethyl ether and dimethyl- 
pyrone. Preliminary investigations indicated that, whereas di- 
methylpyrone retarded the rate of esterification, a small amount 
of ether actually accelerated it. This is illustrated graphically in 
Fig. 1. In every case (a — x) is the equivalent of unchanged 
phenylacetic acid at the end of time #, in 5 c.c. of the mixture, 
expressed in c.c, of N/10-sodium hydroxide. The weights of water, 
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ether, and dimethylpyrone represent, in every case, the amount 
added to 40 c.c. 

The accelerating effect of ether was confirmed (Fig. 2). This 
acceleration might be due solely to the solvent «ffect of this small 
amount of ether, or to the predominance of the -olvent effect over 
retardation due to union with hydrion. 

The effects of equimolecular amounts of dimethylpyrone and 
water did not at first appear comparable (Figs. 1 and 2). Dimethyl. 
pyrone has, however, two oxygen atoms each of which might be 


Fie. 2. 
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capable of uniting with hydrion (‘‘ co-ordinating protons,” hypo- 
thetically), whereas water has only one : 
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On this assumption, dimethylpyrone is regarded as dibasic, and if 
equivalent amounts of dimethylpyrone and water are compared 
the results are similar (Fig. 2). 

This similarity of effect between equivalent amounts of dimethyl- 
pyrone (dibasic) and water is further supported by the calculation 
of Ke from a modification of Goldschmidt and Udby’s equation, as 
is shown below: A comparison of Ke for a normal solution with Ke 
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for a solution to which water had been added indicates a value 
r = 0-18 for the alcohol used. 

As the availability of very dilute hydrogen chloride in moist 
alcohol is nearly an inverse linear function of the amount of water 
present, for quantities of water not exceeding a concentration of 
N/2, no further treatment of the alcohol with calcium was con- 
sidered necessary. 

If, in Goldschmidt and Udby’s equation, for W, the equivalent of 
initially added water, we substitute the value in mols. of dimethyl- 
pyrone, the results are not comparable. If, however, dimethyl- 
pyrone is regarded as dibasic, as suggested above, the calculated 
results are comparable with those obtained with water when 
equivalent amounts are used, and give r = 0:18. 


EXPERIMENTAL. 


The alcohol employed in these determinations was prepared from 
99° alcohol, which was refluxed with sodium hydroxide to resinify 
the small traces of aldehyde present, distilled, refluxed over fresh 
calcium turnings, and finally redistilled. The product, which 
was free from aldehyde, ketone, and ammonia, was stored in a 
vessel with a siphon attachment and a guard tube of phosphoric 
oxide. 

Phenylacetic acid (Kahlbaum), m. p. 75—77°, dried over sulphuric 
acid in a vacuum, was employed in all cases. 

The ether was treated with sodium hydroxide for some days, 
distilled, treated with calcium chloride, decanted off, redistilled, 
and treated with sodium wire until this remained unchanged. It 
was left for several weeks, then again distilled and placed over 
fresh sodium, from which it could be distilled as required. 

Dimethylpyrone (British Drug Houses), m. p. 132—135°, was 
used directly. The amounts of phenylacetic acid were roughly 
weighed, but the amounts of water, ether, and dimethylpyrone 
were accurately weighed in each case. 

The alcoholic hydrogen chloride was prepared by passing the 
dry gas into about 120 c.c. of the alcohol. 

The strengths of the hydrochloric and phenylacetic acids were 
determined by titration with N/10-sodium hydroxide, phenolphthal- 
ein being used as indicator. The flasks employed were carefully 
cleaned and dried in hot air before each experiment. 

In each case, the alcoholic solutions were first heated to the 
temperature of the thermostat, 25-0° + 0-05°, then 20 c.c. of each 
were mixed and the time noted. One or two titrations were always 
made near the commencement of the reaction, for the purpose of 
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obtaining the true initial titre by extrapolation in order that this 
value might confirm the previous determinations. 

The intermediate values of the coefficients being the most trust- 
worthy, the approximate water value of the alcohol is best gauged 
by comparing the intermediate values for the normal reaction and 
the corresponding one with water present. This method was 
adopted by Lapworth and Partington (loc. cit.) in calculating their 
results, since the more trustworthy values for the velocity are those 
calculated from the time when the change has become steady at a 
point not far from half-way towards the end. 

R(= 100 r) was calculated throughout from the formula corre. 
sponding to that used by Goldschmidt and Udby as 


—dY/dt= KeY/(R+ W+ Y,— Y) 
when the concentration of catalyst is constant, whence 


ee (R + W + Y,)(log. Yi = log. Y) — (Y, — Y) 
where Y, = initial titre of phenylacetio acid in 10 c.c. of the solu- 
tion against N/10-NaOH ; 
Y, = first such titre after reaction has commenced, made at 
time ¢, ; 
Y = similar titre of 10 c.c. of solution at time ?t, 7.e., Y = 
2(a — 2); 
R = water equivalent of 10 c.c. of the alcohol in terms of 
c.c. of N/10; 
W = equivalent of initially added water ; 
c = concentration of hydrogen chloride ; 
K = a constant (Lapworth, J., 1908, 93, 2195); 
¢ = time in minutes. 





Series A. Phenylacetic acid, 0-104N ; hydrochloric acid, 0-032LV. 
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Flask 2. Water, 0-0808 g. 
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Flask 3. Dimethylgyrone, 0-5562 
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In each case the value of r is 0-18. 


Series B. Phenylacetic acid, 0-0987N ; hydrochloric acid, 0-556N. 
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By comparison of normal reaction (no water) with water = 0-2002 g., 
r= 0-18. 
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Series C. Phenylacetic acid, 0-104N ; hydrochloric acid, 0-0163N. 


(A comparison between 0-1038 g. of water and 0-358 g. of dimethyl. 
pyrone, these amounts being equivalent if dimethylpyrone is 
regarded as dibasic.) 


Flask 1. Water, 0-1038 g. Flask 2. Dimethylpyrone, 0-358 4. 


y Ke xX 10°, assuming r = y Ke xX 105, assuming r = 
t. 2(a—a). 0-17. 0-18. 0-19. 0-20. 2a—zaz). 0-17. 0-18. 0-19. 0-20. 
0 10-40 — 10-40 — 
30 =9-74 — 9-72 _— 
9-40 0-382 0: P ? 9-38 . : , 0-418 

8°84 0°450 0: , ° 8°88 . . ‘ 0°459 
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7:92 0-455 . ’ 8-05 ° . . 0-452 

7:60 0-433 , 760 0- . . 0-468 
Mean 0-436 , Mean 0-415 0- , 0-453 


The rate of esterification of phenylacetic acid in dry alcoholic 
solution, under the influence of hydrogen chloride, is accelerated by 
the addition of small quantities of dry ethyl ether and retarded by 
the addition of small quantities of water or dimethylpyrone. 

The effect with dimethylpyrone is analogous to that with water 
if the former is regarded as dibasic. Thus, on the assumption 
that the catalytic acceleration is due to hydrion, and retardation 
to combination with such ion, a molecule of water unites with one 
molecule of hydrion and a molecule of dimethylpyrone with two. 

The slight accelerating influence of dry ether is possibly due toa 
solvent effect, and it is probable that ethyl ether does not, under 
these conditions, behave as a base. 

Further investigations with other possibly basic substances, such 
as methyl ether and acetone, and in methyl-alcoholic solutions, are 
in progress. 

East LonDOoN COLLEGE, 

UNIVERSITY OF LONDON. [Received, May 14th, 1929.] 


CCV.—The Reactions of a Mixture of Ethyl Ether, 
Acetyl Bromide, and Naphthol. 


By Harotp LLEWELYN Bassett and KaTHERINE FRIEDA TAYLOR. 


AuruoucH the reaction between acid anhydrides and hydroxy- 
compounds has been studied in some detail, comparatively little 
seems to have been attempted in connexion with the corresponding 





OF ETHYL ETHER, ACETYL BROMIDE, AND NAPHTHOL. 1569 


reaction between acyl halides and hydroxy-compounds. Cohen 
(J., 1906, 89, 1482) observed the temperatures at which reaction set 
in between menthyl alcohol and various substituted benzoyl 
chlorides, and Bruner and Tolloczko (Chem. Cenétr., 1900, II, 257) 
determined velocity coefficients for the action of benzoyl chloride on 
yarious alcohols, using a large excess of the alcohol. 

Preliminary experiments with equivalent proportions of acetyl 
chloride and various alcohols in ethereal solution showed that the 
reaction could be followed with ease, that it was bimolecular, and 
that the values obtained for the velocity coefficients agreed with the 
known order of reactivity of the alcohols used. 

The method employed was to mix equivalent amounts of acetyl 
chloride and the alcohol in ethereal solution in a thermostat at 25°. 
Portions were withdrawn at intervals, quenched with excess of 
water, and titrated with alkali (compare Rule and Paterson, J., 
1924, 125, 2155). According to the equation R-OH ++ CH,°COCI = 
RO-CO’CH, + HCl, the initial titration should drop to half value 
at the end of the reaction, since the hydrogen chloride remains 
unused, and this in fact was found to be approximately the 


case. 
It was then decided tc apply the same procedure to the naphthols 
and their derivatives with a view to investigate the various factors 


which might influence the reactivity of their hydroxyl groups. 

Acetyl chloride was found to react too slowly and acetyl bromide 
was therefore used, repeated experiments having shown that acetyl 
bromide under the conditions employed, and in the absence of 
naphthol, gives no detectable reaction with ether over periods longer 
than those with which we were concerned. 

The results were unexpected. It was found impossible to obtain 
constancy in the values of k except during a period in the early 
part of the reaction, and here, except in the more dilute solutions, 
the reaction was unimolecular. Further, instead of stopping at 
half the initial titration, the amount of acid present dropped con- 
siderably below this value and the solid residue left on evaporation 
of the solvent proved to be almost entirely unchanged naphthol, 
together with a little naphthyl acetate. The results were prac- 
tically the same with either 1-naphthol or 2-naphthol. 

Distillation of the liquid and extraction of the solid residue showed 
that at the end of the reaction there were present ethyl bromide, 
ethyl acetate, acetic acid, naphthol, and a little naphthyl acetate. 
No hydrogen bromide was detected if the mixture had been kept 
lor about a fortnight, but at the end of shorter periods some was 
ilways present. Attempts to estimate the ethyl bromide and ethyl 
wetate in the distillate were not altogether satisfactory. The 
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results were, however, sutficiently good to show that all, or prac. 
tically all, the bromine of the acetyl bromide appears as ethy! 
bromide and that the yield of ethyl acetate is considerably lower, 
This negatived the idea that the products were due simply to the 
action of acetyl bromide on ether. 

The course of the reaction was then followed by making up 
mixtures containing one mole each of ether, acetyl bromide, and 
naphthol, quenching such mixtures with metallic caleium at different 
intervals of time, and estimating, by a method detailed later, the 
ethyl bromide, naphthol, and naphthyl acetate present. It proved 
extremely difficult to get consistent results for ethyl acetate and 
the figures recorded for this substance can only be regarded as 
approximate. Since after periods of a fortnight or longer no 
hydrogen bromide or acetyl bromide could be detected, any acidity 
after such periods is due entirely to acetic acid. 

Starting with one mole each of the three reactants, the following 
table indicates the final distribution of the acetyl radical and bromine 
actually recovered : 

1-Naphthol. 2-Naphthol. 


As naphthyl acetate 15% 
As ethyl acetate 45 
As ethyl bromide 100 
As acetic acid 26 
Total acetyl group recovered 5 86 
Total bromine recovered 100 


* Too small an amount to estimate. 


In the case of 1-naphthol, the small amount of naphthyl acetate 
found at the end, and the correspondingly large amount of acetic 
acid, is no doubt due to the greater ease of hydrolysis of 1-naphthyl 
acetate as compared with 2-naphthyl acetate. For the same reason 
there is some loss of 1-naphthyl acetate in the estimation by the 
calcium method owing to hydrolysis by the calcium hydroxide 
formed. This loss would be especially appreciable when only small 
amounts are present. That some 1-naphthyl acetate is in fact 
present was proved beyond question by the melting point of the 
residue and by its extraction with alkali. In no single experiment 
throughout this work has a naphthol residue been found entirely 
free from naphthyl acetate. 

While, however, the amounts of naphthyl acetate found at the 
end are small, at intermediate stages of the reaction considerable 
quantities are present. Naphthyl acetate is, therefore, first formed 
and then decomposed during the course of the reaction. 

As a result of all the observations made, we consider that the 
reactions taking place in mixtures of naphthol, acetyl bromide, and 
ether may be represented by the following equations : 
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. CyyH,OH + CH,-COBr = C,)H,-OH,CH,°COBr. 
2. Cy>H,-OH,CH,°COBr = C,,H,-O-CO-CH, + HBr. 

. 2HBr + (C,H;),0 = 2C,H,Br + H,0. 

. CypH7"O-CO-CH, + H,O = C,9H,-OH + CH,°CO,H. 
5. 2CH,°CO,H + (C,H;),0 = 2CH,°CO-O-C,H, + H,0. 

Although there must be overlapping, it is considered that these 
five reactions are in the main consecutive and that the order in 
which they are written also represents the order of their velocities, 
No. 1 being the most rapid. 

As will be shown, the changes taking place are such that no 
equilibrium is ever reached. The expression “ end of the reaction,” 
which for convenience has to be used frequently, is therefore employed 
to indicate a point after which the reactions become immeasurably 
sow. It will be most convenient to discuss the equations in turn. 

The Formation of Naphthyl Acetate—The amount of naphthyl 
acetate present reaches a maximum early in the reaction and 
thereafter decreases rapidly. In the mixtures containing one mole 
each of naphthol, acetyl bromide, and ether, the maximum is attained 
with 1-naphthol after 4—5 hours and the amount of naphthyl 
acetate present is about 60% of the theoretical yield. With 
2-naphthol the maximum is reached after about 6 hours and the 
amount of acetate present is slightly lower. The accumulation of 
this large amount of naphthyl acetate clearly shows that the form- 
ation of the acetate is more rapid than its decomposition. 

The suggestion of the formation of a double compound as the first 
stage of such a reaction is not novel (Michael and Murphy, Annalen, 
1908, 363, 94). It is inferred here on the ground that in the mix- 
tures containing more ether, for which velocity coefficients were 
determined, the results agree with a unimolecular reaction except 
at the lowest concentrations used, where the reaction becomes 
bimolecular. It would appear, therefore, that in dilute solutions 
the formation of the double compound becomes the slower reaction 
and so determines the measured order of the reaction. Naturally, 
in ether the values of k only show reasonable constancy over a 
period of some hours early in the reaction before the secondary 
thanges have become important. In benzene, however, where the 
olvent is not involved, the same phenomenon is observed of a 
change, on dilution, from a unimolecular reaction to a bimolecular. 
In benzene the unimolecular stage persists to a greater dilution 
than in ether. 

The Formation of Ethyl Bromide.—At first sight the production of 
tthyl bromide and ethyl acetate from acetyl bromide and ether 
would appear to indicate a simple reaction between these two 
ubstances. Descudé (Compt. rend., 1901, 132, 1129) has obtained 
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such a result quantitatively in the presence of zinc chloride. In the 
present case, however, the ethyl bromide and ethyl acetate ar 
produced quite independently of each other. If they were pro. 
duced directly by the action of acetyl bromide on ether, they would 
necessarily be formed at precisely the same rate and to the same 
extent. In fact, the whole of the bromine of the acetyl bromide. 
as well as the small amount of hydrogen bromide present in the 
acetyl bromide used, is converted into ethyl bromide. This was 
shown by direct and by indirect estimations of ethyl bromide and 
also by the fact that not a trace of hydrogen bromide or acety| 
bromide remains at the end of the reaction. On the other hand, 
the yields of ethyl acetate fall far short of the theoretical and a con. 
siderable percentage of the acetyl radical is found in the form of 
acetic acid. 

The ethyl bromide must, then, be formed by the action of hydrogen 
bromide on ether. Ether is of course known to react with hydrogen 
halides in this way (e.g., Cottrell and Rogers, J. Amer. Chem. Soc., 
1899, 21, 64), but the reaction here is more rapid than would be 
expected and it is suggested that the reaction is catalysed by the 
naphthyl acetate. There would be a tendency for this in that the 
water produced by the reaction is used up by the naphthyl acetate 
(see below). 

The Formation of Acetic Acid.—Since at the end of the reaction 
the mixtures are entirely free from hydrogen bromide and acety 
bromide, the whole of the acidity at this stage is due to acetic acid. 
The latter was actually isolated and formally identified by boiling 
point. The acetyl bromide used contained a little acetic acid, bu 
the amounts found at the end very greatly exceeded this origina 
small amount. 

Naphthyl acetate is hydrolysed by water and this hydrolysis is 
more rapid in the presence of hydrogen bromide. The products 
of hydrolysis are, of course, naphthol and acetic acid. The neces 
sary water arises from the reaction between hydrogen bromide an¢ 
ether. This, then, accounts for the reversion of naphthyl acetatd 
to naphthol and for the production of the acetic acid, but as the 
reaction -is much slower than the formation of the acetate, if 
permits the accumulation of acetate in the early stages of the process 

It is to be noted, however, that the amount of water formed by 
the reaction between ether and a given quantity of hydrogen bromid 
is only sufficient to hydrolyse half the naphthyl acetate produced 4 
the same time as this quantity of hydrogen bromide. The point ii 
discussed further in the next section. The hydrolysis will becomé 
slower as the hydrogen bromide is removed from the system and fo 
this reason, as well as on account of a deficiency of water, th¢ 
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hydrolysis of naphthyl acetate will become very slow towards the 
end. In actual fact, an appreciable quantity remains even after 
several months, and, as will be shown, some must always remain 
unchanged. Since l-naphthyl acetate is much easier to hydrolyse 
than the 2-naphthyl compound, there is less acetate left at the end 
in the case of 1-naphthol than with 2-naphthol. 

This explanation of the reversion of naphthyl acetate to naphthol 
is further confirmed by the fact that naphthyl acetate and hydrogen 
bromide in benzene solution do not react, whereas on addition of a 
little ether to the mixture naphthol is obtained. 

The Formation of Ethyl Acetate—It has been previously shown 
that acetic acid will react with ether at the ordinary temperature 
in the presence of dry hydrogen bromide to form ethyl acetate 
(Fenton and Gostling, J., 1898, 73, 555). This reaction is con- 
sidered to account for the production of the ethyl acetate in the 
present instance. Since the production of the necessary acetic 
acid depends on the disappearance of the hydrogen bromide in 
forming the required water, there must come a point where acetic 
acid is present but no hydrogen bromide to catalyse its reaction with 
ether. One would therefore expect to find a considerable quantity 
of free acetic acid at the end, especially in the mixtures containing 
asmall amount of ether, where the active mass of the ether late in 
the reaction is small. 

As a consequence, and also because there is always some unchanged 
naphthyl acetate, the amount of ethyl acetate produced can never 
be equal to that of ethyl bromide. 

The water formed during the reaction between acetic acid and 
ether goes to hydrolyse more naphthyl acetate, but throughout the 
reactions water is produced in ever-diminishing quantity and can 
never, aS was pointed out before, be quite sufficient’ to hydrolyse all 
the naphthyl acetate. The point is made clearer by writing all the 
equations with such quantities as to give one molecule of water at 
the end : 


1. 4C,,H,-OH + 4CH,-COBr = 4C,,H,-OH,CH,-COBr. 
. 4C,,H,OH,CH,-COBr = 4C,,H,-0-CO-CH, + 4HBr. 

3. 4HBr + 2(C,H,).0 = 4C,H,Br + 2H,0. 
. 2C,,H,"0-CO-CH, + 2H,O = 2C,,H,-OH + 2CH,-CO,H. 
. 2CH,°CO,H + (C,H,),0 = 2CH,°CO-0-C,H, + H,0. 


The acetyl bromide used throughout these experiments contained, 
%& was pointed out, a little hydrogen bromide and acetic acid, but 
since both these substances are formed during the reactions, there 
isno reason to suppose that the results would have been in any way 
different if the acetyl bromide had been of the strictest purity. 





1574 BASSETT AND TAYLOR: THE REACTIONS OF A MIXTURE 


EXPERIMENTAL. 

All the experiments involving ether were carried out in thick 
glass bottles fitted with heavy stoppers accurately ground in and 
slightly smeared with vaselin. These were immersed up to the 
neck in a thermostat maintained at 25°. The temperature did not 
vary by more than 0-1° throughout any series of experiments. 

For the reactions in benzene solution, to avoid loss of hydrogen 
bromide, it was necessary to use a special reaction vessel consisting 
of a stoppered wash-bottle whose outlet tubes were fitted with 
glass taps. By connecting a pipette by means of rubber tubing to 
one of the outlet tubes it was possible to withdraw liquid without 
loss of hydrogen bromide. 

The same burettes and pipettes were used throughout, so that 
any errors in them are constant in all experiments. 

A.R. Ether was used, dried by standing over successive quantities 
of freshly cut sodium, and distilled. The fraction distilling between 
34-5° and 35-5° was collected. 

A.R. 1- and 2-Naphthols were used after drying over calcium 
chloride in a desiccator for several ‘days. Some specimens were 
specially purified, but no difference could be observed in the results 
obtained. One point of interest, however, arose during these 
experiments. A specimen of purified naphthol was being dried in 
a vacuum heater at 120° over phosphoric oxide. By accident, the 
temperature rose to 122° and the naphthol just melted. Thereafter, 
in spite of being finely powdered, it was practically insoluble in 
dried ether or acetone, although it dissolved immediately on 
addition of a drop of water. Of other specimens, which did not 
melt, drying over phosphoric oxide did not affect the solubility. 

A.R. Acetyl bromide was used without further purification. The 
mean of four concordant estimations of different specimens showed 
it to have the following average composition: acetyl bromide 
94-22, hydrogen bromide 4-16, acetic acid 1-63%. 

The benzene used was stirred with successive quantities of con- 
centrated sulphuric acid until the latter was no longer discoloured, 
washed with water, dried over phosphoric oxide, and distilled. 
The fraction boiling between 80° and 81° was used. 

The method of carrying out a velocity-coefficient determination 
was as follows: A weight of naphthol equivalent to the acetyl 
bromide to be used was dissolved in 25 c.c. of ether, and the acety! 
bromide in sufficient ether to bring the total volume of the reaction 
mixture up to 50 c.c. These two solutions, in stoppered bottles, 
were allowed to attain 25° and then mixed in the reaction vessel. 
The volumes of acetyl bromide used were based on the relation 
7-04 g. = 4-3 c.c.. The densities of all batches of acetyl bromide 
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were determined, but the minute variations in density were never 
sufficient to warrant a departure from this value. 

2 C.c. of the reaction mixture were withdrawn at intervals, run 
into about 30 c.c. of water, and titrated with N /5-potassium hydr- 
oxide solution, naphtholphthalein being used as indicator. 

Calculations of the velocity coefficients are based upon the fol- 
lowing considerations: If there were no secondary reactions and 
the total change could be represented by the equation 


C,)H,OH + CH,-COBr = C,,H,-0-CO-CH, + HBr, 


then, upon quenching a given amount of the mixture with water at 
any point in the reaction, there will always be present a constant 
quantity of hydrogen bromide and a quantity of acetic acid decreas- 
ing with the progress of the reaction. By subtracting from the 
titre an amount of alkali equivalent to the constant hydrogen 
bromide, a value is obtained in c.c. of alkali corresponding to the 
amount of unchanged acetyl bromide present at any given moment. 

There is a period of initial disturbance and, since there are in fact 
secondary reactions, one could only expect reasonable constancy in 
the values of & over a comparatively short period early in the 
reaction before the secondary changes have set in to an important 
extent. Many determinations were made. The tables recorded 
are those showing the lowest concentrations agreeing with a uni- 
molecular reaction and the highest showing a bimolecular reaction. 
All the changes, including the initial disturbance, are of course 
slower in the more dilute solutions. 


1-Naphthol in Ethereal Solution. 


8-24 G. of l-naphthol and 7-04 g. of 6-0754 G. of 1-naphthol and 5-192 g. 
acetyl bromide in 50 c.c. of solution. of acetyl bromide in 50 c.c. of solution. 


t t t t 
(mins.). k,yx 10%. (mins.). k,x 10%.  (mins.). k,x105. (mins.). k,x 10°. 
8-25 . 138-25 1-2 43-25 8-9 317 6-5 
49°75 , 158-25 3 74-92 6-5 370-25 6-6 
86-0 . 170-25 2 238-75 5-6 386-75 6-6 
103-33 “ 179-0 3 271-75 6-7 


115-5 
2-Naphthol in Ethereal Solution. 


8-24 G. of 2-naphthol and 7-04 g. of | 6-0754 G. of 2-naphthol and 5-192 g. 
acetyl bromide in 50 c.c. of solution. of acetyl bromide in 50 c.c. of solution. 


t t t t 

(mins.). k,x10%. (mins.). k,x10%. (mins.). kyx 104. (mins.), kx 104. 
12-75 2 87-75 ; 60:25 2 235-75 
20-25 ; 105-0 : 88-25 2 248-5 
30-0 ; 124-75 169-0 2 266-0 

40-5 ; 138-25 187-25 2 278-42 

2- 301-0 


AaAAaAawco 


57-75 3: 160-75 : 215°5 2 
69°75 3° 
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1-Naphthol in Benzene Solution. 


5-0 G. of 1-naphthol and 4-272 g. of 3-0 G. of 1-naphthol and 2-564 g. of 
acetyl bromide in 50 c.c. of solution. acetyl bromide in 50 c.c. of solution. 


t t t t 
(mins.). k,x10*. (mins.). k,x10% (mins.). &,x 10%. (mins.). k, x 10°, 
2-83 21-75. 2-7 9°25 32-33 
6-42 37-33 12-17 56-75 
9-25 ; 40-58 ; 15-67 66-58 
13°17 . 43-58 ; 19-58 71-83 
18-5 . 23-0 179-0 
28-0 ; 


In the titrations of the benzene solutions the end-point was not 
very sharp. 

Estimations.— Distillation. Numerous attempts were made to 
estimate the substances present at the end of the reaction by frac- 
tional distillation and estimation of the various fractions, but the 
results were unsatisfactory. They merely showed that there was a 
high yield of ethyl bromide, a much lower yield of ethyl acetate, 
and, qualitatively, the presence of acetic acid and absence of 
hydrogen bromide and acetyl bromide. 

Extraction. A mixture containing 14-125 g. of 2-naphthol, 
12-12 g. of acetyl bromide, and 42-6 c.c. of ether was left in a stop- 
pered bottle in the thermostat for 12 days. 10 C.c. of this mixture 
were placed in a separating funnel with excess of alkali to neutralise 
any free acid, and 100 c.c. of carefully purified chloroform. After 
shaking, the chloroform layer was removed, the extraction twice 
repeated, and the collected chloroform extracts placed in a flask 
containing excess of silver oxide in silver nitrate solution. The 
flask was kept in the dark until precipitation was complete. The 
bromine in the aqueous layer was also estimated, and represents the 
free hydrogen bromide. The bromine recovered was equal to 
100-7% of the theoretical amount calculated on the acetyl bromide 
used, and the results showed that with the above mixture, in 
12 days, 93-6% of the total bromine is converted into ethyl bromide. 

This direct estimation of ethyl bromide is interesting as confirming 
the indirect estimations made later. 

Estimations by the use of metallic calcium. Apart from estimating 
the end products, it was also desired to follow the course of the 
reaction and this was much more difficult because at an inter- 
mediate point the mixture of substances present is much more 
complex than at the end. Any process used had to be capable of 
being carried through in a reasonably short time so that a large 
number of determinations could be made. 

Many methods were considered and tried, but there were fatal 
objections to all except to the process finally adopted, and even this 
left something to be desired in point of accuracy. 


acco an 
= 


o-31-1-1 





not 


to 
‘ac- 
the 
iS a 
ute, 


of 


hol, 
Op- 
ure 
lise 
fter 
vice 
ask 
The 
The 
the 
. to 
ride 
, in 
ide. 
ring 


ting 

the 
ter- 
nore 
e of 
arge 


‘atal 
this 


OF ETHYL ETHER, ACETYL BROMIDE, AND NAPHTHOL. 1577 


By estimating mixtures of known composition we found that the 
process of quenching the reaction by means of metallic calcium 
permitted the (indirect) estimation of ethyl bromide at any stage 
of the reaction with great accuracy and of naphthyl acetate with 
only a small percentage error. The estimation of ethyl acetate was 
not so satisfactory. The results were somewhat irregular, and only 
approximate figures could be obtained. These results are therefore 
not recorded except at the end, where there are less complications, 
and the figures, in consequence, are probably more accurate. 

The method was as follows: Mixtures of 2-06 g. of naphthol, 
1-76 g. of acetyl bromide, and 1 c.c. of ether (equimolecular propor- 
tions) were placed in wide-necked 1 oz. stoppered bottles. The 
stoppers were secured with wire, and the bottles placed in a thermo- 
stat at 25°. After a definite interval of time 1 c.c. of water was 
added to the contents of the bottle, which was then shaken and 
attached immediately to a reflux condenser. A few c.c. of ether 
were then added to dissolve the solid which was frequently present, 
and metallic calcium added cautiously through the condenser. The 
reaction which ensued was at first vigorous but was not actually 
complete for nearly an hour. When there was no further action 
on addition of fresh calcium, a few c.c. of ether were added, the 
mixture was stirred, and the ethereal solution filtered into a flask 
of 33 c.c. capacity adapted to prevent loss by bumping during the 
subsequent evaporation under reduced pressure. The solid was 
washed and stirred with further quantities of ether until the required 
volume of filtrate (33 c.c.) was attained. 

The ethereal solution contained the naphthol, naphthyl acetate, 
ethyl bromide, and ethyl acetate, while the solid residue consisted 
of calcium bromide, acetate, and hydroxide. 

Estimation of the bromide in this residue gave the bromine 
present in the reaction mixture in the form of acetyl bromide or 
hydrogen bromide at the time of quenching. The difference between 
this amount and the bromine of the acetyl bromide used gave the 
tthyl bromide. 

The greater part of the ethereal solution was used for the estim- 
ition of naphthyl acetate. The volatile substances were removed 
by evaporation under reduced pressure. ‘Two successive quantities 
of about 10 c.c. of ether were added and the evaporation was twice 
epeated to secure the entire removal of ethyl acetate. The remain- 
ig mixture of naphthol and naphthyl acetate was then hydrolysed 

ith a known excess of alkali, and the naphthyl acetate thereby 
stimated. 

Since the estimation of ethyl acetate was not satisfactory, its 

tails need not be given. In principle it consisted in hydrolysing 
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a portion of the ethereal solution before removal of the volatile 
substances. This, after correction for the ethyl bromide hydrolysed, 
gave the ethyl acetate + naphthyl acetate, and therefore, by differ. 
ence, the ethyl acetate. 

Since the quenching is not instantaneous, it was difficult to get 
accurate figures for the first two or three hours. 

The values obtained for l-naphthyl acetate, especially towards 
the end, are probably slightly low owing to some hydrolysis by 
calcium hydroxide. 


2-06 G. of 1-naphthol, 1-76 g. of 2-06 G. of 2-naphthol, 1-76 g. of 
acetyl bromide, and 1-059 g. of acetyl bromide, and 1-059 g. of 
ether. ether. 


Time Naphthyl Ethyl Time Naphthyl Ethyl 
(hrs.). acetate (g.). bromide (g.). (hrs.). acetate (g.). bromide (g.), 

‘ 0-549 0-933 0-132 

0-618 1-124 0-365 

0-653 1-328 0-541 

0-773 — 0-625 

0-937 1-446 0-702 

1-092 1-200 0-836 

1-155 12} 1-093 1-000 

1-223 15} 0-927 1-048 

1-227 > 19 0-903 1-192 

1-353 30 0-681 1-309 

1-461 48 0-651 1-427 

1-528 72 0-532 1-490 

1-527 5 days 0-416 1-532 

1-536 10 ,, 0-466 1-545 

Ethyl acetate at 11 days = 0:45 g. 14 ,, 0-434 1-557 
Ethyl acetate at 14 days = 0-6 g. 


THe TatemM LABORATORIES, UNIVERSITY COLLEGE, 
CARDIFF. [Received, May 24th, 1929.] 





CCVI.—Substitution in Resorcinol Derivatives. Part 
II. Bromo-derivatives of B-Resorcylaldehyde and 
their Orientation. 


By (the late) Mysore Guru Srinivasa Rao, CoLiLurRayas: 
SRIKANTIA, and Mysore SesHa IYENGAR. 


ConTINUING the investigation of 2-hydroxy-4-methoxy benzaldehyde 
(J., 1925, 12'7, 556), which can conveniently be obtained from thé 
roots of Decalepis Hamiltonii, we have studied the action of brominé 
under different conditions, obtaining first the monobromo-derivativ' 
corresponding to 5-nitro-2-hydroxy-4-methoxybenzaldehyde, and 
subsequently the dibromo-derivative in which the halogen occupies 
the 3:5-position. This appears to represent the limit of th 
bromination process. The correspondence between the nitro 
compound and the monobromo-derivative was established by th 
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identity of the latter with the product of applying the Sandmeyer 
reaction to the reduced nitro-compound: but the orientation of 
the dibromo-derivative depends on the following principles. 

When the dibromo-derivative is treated with a mixture of con- 
centrated nitric and sulphuric acids the CHO-group is replaced by a 
nitro-group; the resulting substance appears to be 2 : 6-dibromo- 
4-nitroresorcinol monomethyl ether (II), because on methylation 
the product is identical with the 2 : 6-dibromo-4-nitroresorcinol 
dimethyl ether (III) of Jackson and Fiske (Amer. Chem. J., 1903, 
30, 53). We therefore conclude that the dibromo-derivative of 
2-hydroxy-4-methoxybenzaldehyde (I) is 3 : 5-dibromo-2-hydroxy- 
4-methoxybenzaldehyde. 


CHO 


NO, NO, 
OH OH OMe 
B r B Br B r 
OMe Me Me 


(I.) (II.) (III.) 


EXPERIMENTAL. 


5-Bromo-2-hydroxy-4-methoxybenzaldehyde.—A solution of 2-hydr- 
oxy-4-methoxybenzaldehyde (3 g.) in 15 e.c. of formic acid (d 1-20) 


was mixed with 15 g. of finely powdered fused sodium acetate and 
gradually treated with 1 c.c. of bromine (also dissolved in 15 c.c. of 
formic acid). After 1 hour, the thick white precipitate was col- 
lected, washed with water, and recrystallised from methyl alcohol 
(yield, almost quantitative). Larger quantities in only 75% yield 
were obtained by dissolving 30 g. of the aldehyde in glacial acetic 
acid and passing a stream of bromine vapour diluted with carbon 
dioxide through the solution. After 30 g. of bromine had been 
used, the pinkish solid was shaken with a little methyl alcohol; it 
crystallised from methyl alcohol in white needles, m. p. 120—121° 
(Found: Br, 34-75. C,H,0,Br requires Br, 34:6%). Ferric 
chloride gives a dark violet coloration with the product dissolved 
in methyl aleohol. The oxime forms colourless needles, m. p. 
148—149°, and the phenylhydrazone pale yellow leaflets, m. p. 
177—178°. 

3 : 5-Dibromo-2-hydroxy-4-methoxybenzaldehyde.—A solution of 
2-hydroxy-4-methoxybenzaldehyde (10 g.) in the requisite quantity 
of glacial acetic acid was mixed with 20 g. of fused sodium acetate 
and gradually treated, in a stoppered bottle containing glass beads, 
with the calculated quantity of bromine with frequent shaking. 
The reaction mixture was kept over-night and, when the yellow 
colour was permanent, gradually poured into well-stirred water. 

3H 
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The solid obtained, having been washed repeatedly with water, 
crystallised from ethyl alcohol in yellowish-white needles, m. p. 
97—98° (Found: Br, 51-5. C,H,O,Br, requires Br, 51-6%). The 
same compound, m. p. 96—97°, was obtained in a similar way from 
the monobromo-aldehyde and excess of bromine. It gives a violet 
coloration with methyl-alcoholic ferric chloride. The oxime is 
colourless and melts at 215°. The phenylhydrazone consists of 
colourless needles, m. p. 131—132°. 

During the preparation of the dibromo-derivative of 2-hydroxy. 
4-methoxybenzaldehyde, if the product remains with excess of 
bromine during 15 days, a large quantity of a white solid is obtained 
which is crystallisable from hot water, is free from halogen, and 
gives a violet coloration with ferric chloride; it does not melt below 
250°, and is perhaps the anhydro-aldehyde (Davies, J., 1923, 123, 
1575). 

All attempts to prepare the tribromo-derivative resulted in the 
dibromo-aldehyde only, although a small quantity of tribromo- 
resorcinol monomethyl ether was invariably obtained. The 
dibromo-aldehyde was heated with bromine in a sealed tube with a 
trace of iodine at 180°, and alternatively with aluminium, iodine, 
and bromine, but in both cases remained unchanged. 

Preparation of the Monobromo-aldehyde from the 5-Nitro-aldehyde.— 
The 5-nitroaldehyde (5 g.) was mixed with 8 g. of sodium hydro- 
sulphite in a little water and well shaken; heat was developed and 
the colour changed to dark brown. After 2 hours, the reaction 
mixture was diazotised with the calculated quantity of sodium 
nitrite and sulphuric acid, treated with the requisite quantity of 
cuprous bromide in hydrobromic acid, and heated under reflux for 
2 hours. Steam distillation gave colourless needles, m. p. 118—119° 
after recrystallisation from methyl alcohol and also when mixed 
with the monobromo-aldehyde obtained by direct bromination. 

Nitration of the Dibromo-derivative—The dibromo-aldehyde (3 g.) 
was dissolved in a mixture of 50 c.c. of glacial acetic acid and 5 c.c. 
of concentrated sulphuric acid, treated with 1 c.c. of nitric acid 
(d 1-52), and heated on a water-bath for 10 minutes: a violent 
action ensued and oxides of nitrogen escaped freely. When the 
product was allowed to cool slowly and diluted with a little water, 
a golden-yellow, bulky precipitate separated. This crystallised 
from ethyl alcohol in long, yellowish needles, m. p. 127—128°, and 
was identical with the product, m. p. 126—127°, obtained by partly 
methylating by the Purdie method 2 : 6-dibromo-4-nitroresorcinol 
(m. p. 148°), prepared by treating a solution of 2 : 4 : 6-tribromo- 
resorcinol in glacial acetic acid with sodium nitrite (Dahmer, Annalen, 
1904, 333, 346), 
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2 :6-Dibromo-4-nitroresorcinol 1-monomethyl ether, melting at 
122°, has also been obtained by the nitration of 2 : 4 : 6-tribromo- 
resorcinol monomethyl ether with potassium nitrite and an acid 
(Kohn and Léff, Monatsh., 1924, 45, 589). When both substances 
were further methylated with methyl iodide, they gave the same 
dimethyl ether in colourless needles, m. p. 81°, the constitution of 
which is known definitely (Jackson and Fiske, Amer. Chem. J., 
1903, 30, 53). 

It is therefore concluded from the above. that the dibromo- 
aldehyde is 3 : 5-dibromo-2-hydroxy-4-methoxybenzaldehyde. 

The following bromo-compounds of {-resorcylaldehyde derivatives 
were prepared to ascertain the factors affecting the position of an 
entering group in trisubstituted benzene derivatives. 

(I) 2: 4-Dimethoxybenzaldehyde was brominated by treating a 
solution in excess of acetic acid (in presence of sodium acetate) with 
the calculated amount of bromine (also dissolved in acetic acid), 
and the product thrown into water. A white crystalline substance, 
m. p. 136—137°, was obtained identical with the product of methyl- 
ating 5-bromo-2-hydroxy-4-methoxybenzaldehyde. The oxjyne 
formed white needles, m. p. 175—176°. Oxidation of the 5-bromo- 
2:4-dimethoxybenzaldehyde in a hot solution of magnesium 
sulphate by potassium permanganate gave white needles, m. p. 
195—196°, identical with brominated 2 : 4-dimethoxybenzoic acid. 

(Il) 2-Ethoxy-4-methoxybenzaldehyde was brominated as above, 
yielding white needles, m. p. 126—127°, identical with the ethylated 
product of the monobromo-derivative of 2-hydroxy-4-methoxy- 
benzaldehyde. The oxime formed slightly pinkish needles, m. p. 
169—170°. Oxidation by potassium permanganate gave a white 
crystallisable substance identical with brominated 2-ethoxy- 
4-methoxybenzoic acid. 

(III) Methyl p-methoxysalicylate on bromination formed a 
monobromo-derivative which on subsequent hydrolysis with alco- 
holic potash yielded a product identical with the bromo-derivative 
of 4-methoxysalicylic acid obtained by brominating the acid in 
question and whose constitution has been determined already 
(Fries and Saftien, Ber., 1926, 59, 1246). 

In every one of these cases only the 5-bromo-derivative is obtained, 
the methoxy- and ethoxy-groups being powerfully para-directive. 


CenTRAL COLLEGE LABORATORY, MysoRE UNIVERSITY, 
BANGALORE. [Received, May 27th, 1929.] 
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CCVII.—The Formation and Stability of the 2-Thio- 
1 : 2-dihydrobenzisothiazoles. 


By Ernest Witson McCLELLAND, LEONARD ARTHUR WARREN, 
and JANE HENRIETTA JACKSON. 


IN a previous communication (McClelland and Longwell, J., 1923, 
123, 3310) it was shown that 2-dithiobenzoy] (1) reacts with ammonia 
to give 2-keto-1 : 2-dihydrobenzisothiazole (II, R = H), and with 
primary amines to give disulphides (III) and not cyclic compounds 
of the type (II). The failure to isolate the cyclic compounds was 
attributed to their instability towards reducing agents, resulting 
in their reduction to the disulphides (III) by the hydrogen sulphide 
liberated during the reaction. 


s s ‘ s— . SO, 
S ¢&,, »§ NR 
: Y 
a A L O-NHR | 4 
(I.) (II.) (III.) rn (IV.) 


The stability of the S—N link in the corresponding sulphones (IV) 
appears to be much greater, since it is now found that they are 
unaffected by hydrogen sulphide or sulphur dioxide, which readily 
reduce the isothiazoles (II) under the same conditions (compare 
McClelland and Gait, J., 1926, 921); the increased stability in the 
sulphone may be attributed to the increased positive character of 
the sulphur atom. Substitution of another atom or group for the 
oxygen atom of the ketobenzisothiazoles resulting in an increased 
stability of the S—N link would indicate that the substituent had 
brought the sulphur atom into a condition analogous to that in 
which it exists in the sulphone, i.e., had increased its positive 
character or utilised the “lone pairs” of electrons. Thus by 4 
study of derivatives of the isothiazole type in which the oxygen 
atom had been replaced by other atoms or groups information as 
to the nature of these substituents in comparison with carbony! 
oxygen might be obtained. 

The effect of replacing oxygen by sulphur in the ketobenziso- 
thiazoles has now been investigated. On the assumption that 
this increases the stability of the S—N link towards reducing agents, 
condensation of primary amines with the thio-analogue (V) of 
2-dithiobenzoyl should yield the cyclic type of compound (VI) 
and not the thioamide disulphide (VII) which by analogy with 
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the oxygen compounds (II) would result from the reduction of 
the thiobenztsothiazole. 


S S s— 


hos Pee cas ! 


Ss 
(V.) (VI.) (VII.) 

2: 3-Dithiosulphindene (V) has previously been obtained by 
Manessier (Gazzetta, 1916, 46, 231) from o-benzoic sulphinide. A 
more convenient source has been found in 2-dithiobenzoyl, which 
on treatment with phosphorus pentasulphide gave good yields of 
the required material. 

The condensation of 2 : 3-dithiosulphindene with primary amines 
was carried out as far as possible under conditions similar to those 
employed with 2-dithiobenzoyl. Reaction with aniline, methyl- 
amine, ethylamine, and benzylamine yielded the thiobenzisothiazoles 
of the type (VI, R= Ph, Me, Et, CH,Ph). The constitution 
assigned to these compounds has been confirmed by their oxidation 
to the corresponding N-substituted o-benzoic sulphinides (IV). 

The fact that the thiobenzisothiazoles and not their reduction 
products (VII) are isolated indicates that the substitution of sulphur 
for oxygen in the ketobenzisothiazole system increases the stability 
of the S—N link towards reducing agents. 

Further evidence of the stability of the thiobenzisothiazoles, as 
compared with the oxygen analogues (II), has been obtained in 
their behaviour towards reducing agents. Thus they react with 
hydrogen sulphide, which reduces the latter (loc. cit.), to give 
2: 3-dithiosulphindene, indicating that the reaction between an 
amine and 2 : 3-dithiosulphindene is a reversible one : 


S S 
S+RNH, = R+H,8. 
S 


Further, sulphur dioxide, which was found to reduce the 
keto-compounds 2-keto-l-methyl-1 : 2-dihydrobenzisothiazole (II, 
R=Me) and 2-keto-l-phenyl-l : 2-dihydrobenzisothiazole (II, 
R= Ph) to the corresponding amide disulphides (III), failed to 
duce the thio-compounds, as did other reducing agents such as 
‘dium hydrosulphite and hydrazine, thus supporting the conclusion 
that the substitution of sulphur for oxygen in the ketobenziso- 
thiazole system increases the stability of the S-N link. On the 
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assumption that this increase in the stability of the S—N link js 
due to an increase in the positive character of the o-sulphur atom, 
as suggested, the results indicate that substitution of sulphur for 
oxygen in the carbonyl group increases the positive character of 
the sulphur atom in the ortho-position. If this effect is due to an 
electronic displacement, it is clear that the CS group exerts a greater 
influence than the CO group. 

It seems probable that the acidic character of amides is due ( an 


electronic displacement, which may be represented thus — ye 

§2 
(compare Robinson, J., 1925, 127, 1618). On this hypothesis, 
since thioamides are more acidic than amides, the CS group evidently 
exerts a greater influence on the electronic displacement than 
the CO group. This conclusion is in harmony with that now 
advanced. 

Attempts to prepare 2-thio-] : 2-dihydrobenzisothiazole (VI, 
R = H) have not been successful. When 2 : 3-dithiosulphindene 
was treated with ammonia, a tarry product, consisting chiefly of 
unchanged dithiosulphindene, resulted, and 2-keto-1 : 2-dihydro- 
benzisothiazole (II, R = H) reacted with phosphorus pentasulphide 
to give 2: 2'-dithiobenzamide (III, R = H), which subsequently 
yielded 2 : 3-dithiosulphindene.. It is noteworthy that the latter 
is the product of certain reactions which might be expected to yield 
2 : 3-dithiothiobenzamide (VII, R = H): for instance, it is formed 
when phosphorus pentasulphide and 2 : 2’-dithiobenzamide (Ill, 
R =H) interact. Further, 2 : 2-dithiobenzonitrile, prepared by 
dehydration of the corresponding amide (III, R. = H), reacts with 
hydrogen sulphide, under the conditions described by Kindler 
(Annalen, 1923, 431, 202) for the preparation of thioamides, to give 
2 : 3-dithiosulphindene (V), and not the expected thioamide (VI]). 
The interaction of phosphorus pentasulphide and 2 : 2’-dithiobew- 
anilide (III, R = Ph), which might be expected to yield the thio- 
anilide, also gave 2 : 3-dithiosulphindene. 

A number of N-substituted derivatives of o-benzoic sulphinide 
were required for comparison with the oxidation products of the 
thiobenzisothiazoles in the foregoing experiments. The methods 
hitherto available for the preparation of these compounds usually 
involved the treatment of the potassium salt of the imide with 
aliphatic or aromatic halogen compounds. A more convenient 
source has been found in the substituted amides of 2 : 2’-dithio- 
benzoic acid (IIT), which yield the N-substituted o-benzoic sulphinides 
when treated with hydrogen peroxide. 
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EXPERIMENTAL. 

The method previously described [J., 1923, 123, 172 (b)] for the 
preparation of 2-dithiobenzoyl has been modified, the 2-thiolbenzoic 
acid (30 g.) and the thiolacetic acid (40 c.c.) being added simul- 
taneously to cold concentrated sulphuric acid (300 c.c.) with con- 
tinuous stirring; yield, 85%. 

2: 3-Dithiosulphindene (V).—2-Dithiobenzoyl (20 g.), dissolved 
in xylene (400 c.c.), was refluxed for 6 hours with phosphorus 
pentasulphide (10 g.). The xylene solution was decanted, the 
residue extracted with boiling xylene, and the combined xylene 
solutions distilled in steam. The residual material crystallised 
from benzene or alcohol in red needles or hexagonal plates, m. p. 
%—95° (Found: 8, 52-2; M, 189. Cale. for C,;H,8,: 8, 52-2%; 
M, 184). The same substance, m. p. 94°, was obtained in very poor 
yields by Manessier’s method (loc. cit.; recorded m. p. 98°). 

2-Thio-1-methyl-1 : 2-dihydrobenzisothiazole (VI, R = Me).—2 : 3- 
Dithiosulphindene (2-5 g.) in ethyl alcohol (350 c.c.) was mixed with 
an aqueous solution of methylamine (10 c.c. of 33%) and kept at 
room temperature for 4 days. The required material, which 
crystallised from the concentrated solution, separated from glacial 
acetic acid and finally from benzene in flat yellow plates, m. p. 
1388—139° (Found: N, 7:6; S, 35:8; M, in naphthalene, 194. 
C,H,NS, requires 8, 35-4; N, 7-7%; M, 181). The substance is 
sparingly soluble in ethyl alcohol and benzene. It is feebly basic, 
being sparingly soluble in dilute (2N) hydrochloric acid, and is 
insoluble in alkali. 

2-Thio-1-ethyl-1 : 2-dihydrobenzisothiazole (VI, R= Et) was 
similarly obtained from 2: 3-dithiosulphindene (5 g.) in ethyl 
alcohol (400 c.c.) and aqueous ethylamine (20 c.c. of 30%) in 3 days 
(yield, including material precipitated by dilution of the mother- 
liquor, 5-2 g.). It crystallised from benzene—ligroin in colourless 
plates, m. p. 63—64° (Found: C, 55-1; H, 5-0; N, 7-4; M, 194. 
CyH,NS, requires C, 55:3; H, 46; N, 7:2%; M, 195). It is 
much more soluble in organic solvents than the methyl derivative, 
dissolves in concentrated hydrochloric acid, and is insoluble in alkali. 

2-Thio-1-benzyl-1 : 2-dihydrobenzisothiazole (VI, R = CH,Ph).— 
A solution of 2 : 3-dithiosulphindene (5 g.) in ethyl] alcohol (400 c.c.) 
and benzylamine (6 c.c.) was boiled for 8 hours. On cooling, the 
benzyl derivative crystallised; a further quantity was obtained on 
concentration (7-0 g.). The material crystallised from ethyl alcohol 
in colourless plates, m. p. 122—123° (Found: C, 65:1; H, 47; 
M, 261. C,,H,,NS, requires C, 65:3; H, 4-3%; M, 257). 

2-Thio-1-phenyl-1 : 2-dihydrobenzisothiazole (VI, R = Ph).—2 : 3- 
Dithiosulphindene (5 g.) was boiled with an excess of aniline (5 ¢.c.) 
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for 4 hours. The cold solution was extracted with successive 
quantities of concentrated hydrochloric acid and the extracts were 
diluted with water and vigorously shaken. The precipitated material 
was washed with water and dilute alkali solution and dissolved in 
the minimum quantity of cold ethyl alcohol, and the solution diluted 
with water. The resulting emulsion crystallised on keeping ; m. p.77° 
after crystallisation from alcohol (Found : C, 63-9; H, 3-6; S, 26-2: 
M, 239. C,3H,NS, requires C, 64:1; H, 3-7; 8S, 264%; M, 243). 

Action of Hydrogen Sulphide on the Thiobenzisothiazoles (V1).—A 
solution of the thiobenzisothiazole (0-5 g.) in ethyl alcohol (20 c.c.) 
was saturated with hydrogen sulphide and kept for 2 days, gradually 
developing a red coloration. The material which had crystallised 
was collected and a further quantity was obtained by dilution of the 
filtrate. The product was crystallised from ethyl alcohol. All the 
thiobenzisothiazoles when treated in this way gave 2 : 3-dithiosul- 
phindene. In contrast to the action of hydrogen sulphide on the 
ketobenzisothiazoles (II), sulphur was not precipitated during the 
above reactions, indicating that reduction was not taking place. 

Action of Sulphur Dioxide.—(a) On the thiobenzisothiazoles. A 
solution of the thioisothiazole (0-5 g.) in ethyl alcohol (20 c.c.) was 
saturated with sulphur dioxide and after 2 days the sulphur dioxide 
was boiled off and the solution diluted with water. The thiobenz- 
isothiazoles were recovered unchanged. 

(b) On the ketobenzisothiazoles (II). Under similar treatment with 
sulphur dioxide 2-keto-l-methyl-1 : 2-dihydrobenzisothiazole was 
reduced. The white needles obtained, m. p. 217°, showed no 
depression when mixed with an authentic specimen of 2 : 2'-dithio- 
benzomethylamide (III, R = Me). 2-Keto-l-phenyl-1 : 2-dihydro- 
benzisothiazole was also reduced by sulphur dioxide under similar 
conditions to 2 : 2’-dithiobenzanilide, m. p. 243° (III, R = Ph). 

o-Benzoic sulphinide, N-methyl-o-benzoic sulphinide, and J- 
phenyl-o-benzoic sulphinide were recovered unchanged after 
treatment with hydrogen sulphide or sulphur dioxide as in the 
above experiments. 

Oxidation of the Thiobenzisothiazoles—A solution of 2-thio-l- 
methyl-1 : 2-dihydrobenzisothiazole (VI, R = Me) in glacial acetic 
acid (150 c.c.) was heated with hydrogen peroxide (40c.c.) for 1} hours 
at 100° and then concentrated by heating on the water-bath. On 
addition of aqueous potassium hydroxide (50°) to the cold solution 
a white crystalline material was obtained, which separated from 
water in colourless needles, and had m. p. 131—133° (Found: N, 
7-3. CgH,O,NS requires N, 7-1%), alone or mixed with the oxidation 
product of 2: 2’-dithiobenzomethylamide obtained as described 
below. 
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In a similar way 2-thio-l-ethyl-1 : 2-dihydrobenzisothiazole (VI, 
R= Et) yielded a substance, m. p. 93-5—95-5°, which, mixed with 
an authentic specimen of N-ethyl-o-benzoic sulphinide (m. p. 94— 
45°), had m. p. 94—95°. 2-Thio-1-phenyl-1 : 2-dihydrobenziso- 
thiazole (VI, R = Ph) on oxidation gave a substance which after 
purification from aqueous ethyl alcohol had m. p. 190°, alone or 
mixed with an authentic specimen of N-phenyl-o-benzoic sulphinide. 

Oxidation of 2-thio-1-benzyl-1 : 2-dihydrobenzisothiazole gave a 
material which after crystallisation from ethyl alcohol had m. p. 
1115—113-5°. According to Ber., 1896, 29, 1048, N-benzyl-o- 
benzoic sulphinide has m. p. 118°. A specimen prepared by this 
method was found to have m. p. 110-5—112-5° alone and 111-5— 
113-5° when mixed with the oxidation product described. 

N-Substituted o-Benzoic Sulphinides.—The 2 : 2'-dithiobenzamides 
were prepared by the action of the corresponding amine either on 
2-dithiobenzoyl (J., 1923, 123, 3310) or on. 2: 2’-dithiobenzoyl 
chloride. The amide was dissolved in glacial acetic acid, excess of 
30% hydrogen peroxide added, and the mixture heated at 100° 
for | hour. It was then diluted with water; the substituted o- 
benzoic sulphinide, which crystallised on cooling, was recrystallised 
from alcohol or acetic acid. The method seems to be of general 
application. 

N-Methyl-o-benzoic sulphinide (IV, R = Me) has m. p. 131°, 
alone or mixed with the oxidation product of 2-thio-1-methy]- 
|: 2-dihydrobenzisothiazole described above. N-Ethyl-o-benzoic 
sulphinide was obtained in white needles, m. p. 94—94-5° (recorded 
m. p., 93—94°; Ber., 1887, 20, 1598). N-Propyl-o-benzoic sul- 
phinide has m. p. 75—76°, and 74—75° when mixed with authentic 
material, m. p. 73—75° (J., 1926, 921). N-Phenyl-o-benzoic 
sulphinide has m. p. 191° (Found: N, 5:5. Cale. for C,,H,O,NS : 
N, 5-4°%) (recorded m. p., 190-5°; Amer. Chem. J., 1895, 17, 320). 
Y.0-Tolyl-o-benzoic sulphinide has m. p. 173° (recorded m. p., 
I71—173°; loc. cit., p. 327). 

2 : 2’. Dithiobenzonitrile.—2 : 2'-Dithiobenzamide (10 g.), when 
boiled in xylene (300 c.c.) for 4 hours in presence of phosphoric 
oxide (20 g.), gradually dissolved. The solution was then decanted 
and the xylene removed in steam. The residual oil solidified at 0° 
and crystallised from ethyl alcohol in pale yellow plates, m. p. 
l022—103°. 2: 2’-Dithiobenzonitrile has m. p. 101—102° (Ber., 
1926, 59, 1074). 

Action of Hydrogen Sulphide on 2 : 2'-Dithiobenzonitrile —The 
litrile (4 g.) was added to a solution of sodium ethoxide (1 g.) in 

hyl aleohol (100 c.c.) saturated with hydrogen sulphide at 0°. 
ieee wan was then bubbled through the solution, which 

3H 
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was kept in a freezing mixture, for 2 hours; thereafter the solution 
was heated under pressure for 2 hours at 95°. On cooling, 2 : 3-di. 
thiosulphindene (2-9 g.) crystallised. A further quantity was 
obtained from the mother-liquor together with a small amount of a 
by-product. 


The authors desire to express their thanks to Professor Smiles 
for the interest he has taken in this work and to the Chemical 
Society for a grant which has defrayed part of the cost. 


Krine’s CoLtitecr, Lonpon. [ Received, May 9th, 1929.] 


CCVITI.—The Formation of Thionaphthindole. 
By Ernest Witson McoCLeLianp. 


Reaction of 2-keto-1 : 2-dihydrobenzisothiazole (I, R = H) and 
acetic anhydride under ordinary conditions yields the N-acety] 
derivative (II) (McClelland and Longwell, J., 1923, 123, 3310), but 
it is now shown that in presence of sodium or potassium acetate 
and at a higher temperature further condensation takes place. 
The chief product of reaction under these conditions is the methylene 
derivative (III) evidently formed by loss of carbon dioxide from the 
primary condensation product (IV). 


S 8 


A ' 
£2 NR NAc NAc NAc 
LZ 
So 0 “Sou ‘XCH.00,H 
2 
(I.) (II.) (III.) (IV.) 

The process resembles the formation of methylenephthalide from 
phthalic anhydride and these reagents (Ber., 1884, 17, 2522). The 
structure assigned to this material is supported by the fact that it 
absorbs bromine instantaneously, yielding eventually a monobromo- 
derivative, and on hydrolysis with acid, ammonia is liberated and 
$-oxy-1-thionaphthen (V) is formed. The latter process is similar 
to the formation of diketohydrindene derivatives from alkylidene- 
phthalides (Ber., 1893, 26, 951, 2576) and may be formulated thus : 


S-OH s 
aN 


During the formation of 1-acetyl-2-methylene-1 : 2-dihydrobenziso- 
thiazole (III) other substances are produced. From among these 
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2-acetyl-3-oxy-1-thionaphthen has been isolated, together with a 
material which is regarded as o-thiolacetophenone since it yielded 
the requisite semicarbazone and showed the characteristic behaviour 
of this ketone with phenylhydrazine. Direct ‘comparison with 
synthetic o-thiolacetophenone was not attained owing to the small 
amount of the product isolated from the reaction and the 
instability of this liquid thiol. 

During the comparison of this material with the thiolacetophenone 
obtained from o-aminoacetophenone by Leuckart’s method (D.R.-P. 
198509) the reaction with phenylhydrazine was studied and it was 
found that either product did not yield the simple hydrazone 
under mild conditions but was rapidly converted into the tricyclic 
indole (VI). 


SH 
(VI) ( a @ sie 
H 


The formation of this substance involves the usual indole trans- 
formation and subsequent. oxidation of the thiol (VII). It shows 
the usual reactions of the indole group and gives an acetyl deriv- 
ative. The structure which has been assigned to this compound 


was further confirmed by synthesis. This was effected from 
o-thiolbenzoic acid through the ester (VIII, R = o-NO,°C,H,°CH,) 
to the thionaphthen (IX) (compare Ber., 1913, 46,3091); the indole 
obtained thence by reduction was identical with that prepared from 
o-thiolacetophenone and phenylhydrazine. 


SR A 
(VIII.) ‘aepes @ (IX.) 
\oo,R \oH ON” 


Robinson and Robinson (J., 1918, 113, 639) have pointed out 
that aldehydes and ketones which tend to exist as enols yield 
hydrazones which readily undergo the indole transformation; for 
instance, the hydrazone of phenylacetaldehyde, which exhibits 
enolic properties, is very easily converted into the indole, whereas 
the hydrazone of acetophenone, which does not exhibit such 
properties, requires much more intense conditions (Ber., 1888, 21, 
1072). 

The ease with which thionaphthindole (V1) is formed by con- 
densation of phenylhydrazine with o-thiolacetophenone suggests 
that the presence of sulphur ortho to carbonyl favours enolisation. 
This conclusion is supported by the failure to isolate certain di- 
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substituted derivatives of 3-oxy-l-thionaphthen (Smiles and 
McClelland, J., 1921, 14419, 1810), which has been attributed to the 
tendency of the carbonyl group to acquire a tautomeric hydrogen 
atom (Ann. Reports, 1921, 114). 

In the isothiazole system (I) a similar tendency to enolise is 
evident ; for instance, 2-keto-1 : 2-dihydrobenzisothiazole (I, R =H) 
gives a purple coloration with ferric chloride in alcoholic solution, 
The suggestion that this substance is tautomeric (McClelland and 
Longwell, J., 1923, 123, 3310) has recently been confirmed (Reissert, 
Ber., 1928, 61, 1308) by the isolation of two isomeric methyl ethers 
from direct methylation, one of these being identical with the 
N-methyl derivative (I, R = Me) previously obtained (McClelland 
and Gait, J., 1926, 921; compare Ber., 1928, 61, 1681). 

Since the sulphur in these systems has free valency electrons, it 
may be considered as a “ source ”’ of electrons tending to increase 
the negative character of the o-carbonyl oxygen atom, thus favour. 
ing enolisation. 

On the assumption that bivalent sulphur functions in this way, 
substitution of an element having free valency electrons for the 
sulphur should also give a system exhibiting enolic tendencies, 
whereas substitution of an element or group lacking free valency 
electrons might be expected to decrease or suppress enolisation. 
Indoxyl and 2-keto-1 : 2-dihydrobenzisoselenazole (Ber., 1924, 57, 
1077) are representatives of the former type; the latter condition 
may be attained on substitution of groups such as CH, and C0, 
resulting in substances such as phthalimidine, phthalimide, and 
hydrindone : these do not appear to have marked enolic tendencies. 
Moreover, oxidation of the sulphur to the sulphone condition appears 
to restrain this tendency to enolisation, for the sulphone, o-benzoic 
sulphinide, unlike the corresponding sulphide (I, R = H), does not 
give a coloration with ferric chloride or other indication of enolic 
properties. 

The reaction of 2-keto-1 : 2-dihydrobenzisothiazole now described 
is being further investigated. 


EXPERIMENTAL. 


Condensation of 2-Keto-1 : 2-dihydrobenzisothiazole (I, R=) 
with Acetic Anhydride and Potassium Acetate.—2-Keto-1 : 2-dihydro- 
benzisothiazole (J., 1926, 923) (5 g.) was heated with acetic anhydride 
(30 c.c.) and freshly fused potassium acetate (8 g.) under reflux at 
120° for 10 minutes. The cooled product was diluted with water, 
heated for } hour at 100°, and distilled in steam, a yellow volatile 
oil (A) passing over. The mother-liquor was boiled with charcoal 
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and filtered hot. 1-Acetyl-2-methylene-1 : 2-dihydrobenzisothiazole 
(III) (1-6 g.), which crystallised on cooling, separated from ethyl 
alcohol in colourless plates, m. p. 168—170° (Found: C, 62:3; 
H, 4:8; N, 7:5; M, 195. C,>H,ONS requires C, 62-8; H, 4-7; 
N,7:3%; MM, 191). 

Hydrolysis of 1-Acetyl-2-methylene-1 : 2-dihydrobenzisothiazole.— 
The isothiazole (0-5 g.) was boiled with 2N-hydrochloric acid (20 c.c.) 
under reflux for 1 hour. The mixture was then diluted with water 
and steam-distilled, 3-oxy-l-thionaphthen passing over. The 
residual liquor gave ammonia on being made alkaline. 

Bromination of 1-Acetyl-2-methylene-1 : 2-dihydrobenzisothiazole.— 
The compound (0-5 g.), in 30 ¢.c. of dry chloroform, was gradually 
treated with a solution of bromine in chloroform (7:4 c.c.; Br = 
6-51 g./100 ¢.c.). After 21 hours, the chloroform was evaporated 
and the residue crystallised from ethyl alcohol, the bromo-compound 
being obtained in fine white needles, m. p. 201—202° (Found : 
Br, 29:05. C,,>H,ONBrS requires Br, 29-6%). 

o-T hiolacetophenone ( ?).—The oil (A) obtained above was extracted 
from the distillate with ether, and the ethereal solution extracted 
with dilute aqueous sodium hydroxide. The alkaline extract on 
acidification gave a substance which was identified as 2-acetyl-3- 
oxy-l-thionaphthen by its characteristic physical and chemical 
properties. The ethereal solution was then washed with water, 
dried over anhydrous sodium sulphate, and evaporated ; the residual 
oil (B) was used in the subsequent experiments. 

Semicarbazone. A solution of semicarbazide hydrochloride (1 g.) 
and sodium acetate (1:5 g.) in the minimum amount of hot water 
and an alcoholic solution of the oil (B) (1:3 g.) were mixed and 
heated on the water-bath for 1 hour. The semicarbazone, which 
crystallised in colourless needles, was purified from ethyl alcohol, in 
which it was sparingly soluble; m. p. 235° (decomp.) (Found : 
N, 20-2. C,H,,ON,S requires N, 20-1%). 

Thionaphthindole (V1).—(a) From the oil (B). A solution of the 
oil (1-56 g.) in glacial acetic acid (15 c.c.) and phenylhydrazine 
(2:22 g.) were heated on the water-bath for 10 minutes, crystalline 
material being deposited. (Condensation takes place readily even 
at 50°.) When cold, the precipitated thionaphthindole was collected, 
washed with ethyl alcohol, and recrystallised from this solvent, 
being obtained in colourless plates, m. p. 252—253° (Found : C, 75:7 ; 
H, 3-9; N, 63; M, 228. C,,H,NS requires C, 75:3; H, 4:1; N, 
63%; M, 223). 

Thionaphthindole is insoluble in hot and in cold aqueous sodium 
iydroxide and soluble in most organic solvents. In the presence of 
‘oncentrated sulphuric acid, it gives an intense blue coloration with 
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isatin and a red coloration with phenanthraquinone. It is unaffected 
by boiling concentrated hydrochloric acid and is not readily reduced, 
It gives an intense yellow colour with concentrated nitric acid and 
a yellow colour with concentrated sulphuric acid (compare carb. 
azole). 

(b) From 0-aminoacetophenone. o-Aminoacetophenone (1-28 g.; 
1 mol.), dissolved in N-hydrochloric acid (3 mols.), was diazotised 
with sodium nitrite at 0° and poured into a solution of potassium 
ethyl xanthate (1-5 g.) in water (50 c.c.) at 0°. The mixture was 
allowed to attain room temperature with frequent shaking; after 
1 hour, it was heated at 70° for } hour. The red oily material was 
extracted with ether, washed with dilute aqueous sodium hydroxide 
and with dilute hydrochloric acid, and, after removal of the ether, 
heated on the water-bath for 15 minutes with alcoholic potassium 
hydroxide (20 c.c. of 5%). The bulk of the alcohol was evaporated, 
the residue, after acidification with dilute hydrochloric acid, distilled 
in steam in presence of a little granulated zinc, and the distillate 
extracted with ether. The residual oil, after removal of the ether, 
was condensed with phenylhydrazine as in the previous experiment 
and gave an identical product. 

It was not considered advisable to use large quantities in this 
preparation, as the diazonium xanthate decomposed with explosive 
violence in one experiment. 

(c) From o-thiolbenzoic acid. o-Thiolbenzoic acid (10 g.) was dis. 
solved in potassium ethoxide solution (potassium, 5 g.; ethyl 
alcohol, 100 c.c.), and water (4 c.c.) added to dissolve the potassium 
salt which separated. After the addition of o-nitrobenzyl chloride 
(22 g.) dissolved in ethyl alcohol (50 c.c.), the mixture was heated for 
8 hours on the water-bath. The preduct, which crystallised, was 
collected, washed with water, dried, and heated on the water-bath 
with potassium ethoxide (potassium, 2 g., in ethyl alcohol, 100 c.c/ 
for 2 hours. The alcohol was then removed and water added to the 
residue. The mixture, after extraction with ether to remove 
o-nitrobenzyl alcohol, was acidified with glacial acetic acid (250 c.c.), 
and heated to boiling for 1 hour while zinc dust (10 g.) was added. 
The thionaphthindole, which crystallised from the decanted liquid 
on cooling, was purified in the usual manner and was identical with 
the material obtained in the previous experiments. 

N-Acetylthionaphthindole—Thionaphthindole (0-2 g.) was boiled 
with acetic anhydride (5 c.c.) for 1 hour. The excess of acetic 
anhydride was hydrolysed by warming at 100° with water for } hour. 
The precipitated material crystallised from ethyl alcohol in colow- 
less needles, m. p. 160—161° (Found: C, 72:3; H, 41; M, 271. 
C,,H,,ONS requires C, 72-4; H, 41%; M, 265). 
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The author is indebted to Professor Smiles for the interest he has 
taken in this investigation and to the Research Fund Committee 
of the Chemical Society for a grant which has defrayed part of the 
cost of materials. 


Krna’s CoLteGe, Lonpon. [Received, May 31st, 1929.] 


(CLX.—Some Substances derived from the Anhydro- 
catechin T'etramethyl Ethers. 


By Witson BAKER. 


Tae work of Freudenberg and his collaborators (Ber., 1920, 53, 
1416; 1921, 54, 1204; 1922, 55, 1734; 1923, 56, 1185, 2127; 
Annalen, 1924, 437, 274, 286; 1925, 441, 157; 1925, 442, 309; 
1925, 444, 135; 1926, 446, 87; 1927, 451, 209, 213) has established 
the existence of six optically isomeric catechins, corresponding in 
structure to the tetramethyl ethers (I). Epicatechin tetramethyl 
eher [OH and H(in 2) in cis-positions] is dehydrated normally to 
give the anhydro-derivative (II) (R = 3: 4-dimethoxyphenyl in 
this and succeeding’ formule), but in the catechin series (trans) 
dehydration is difficult, and is accompanied by migration of the 
3:4-dimethoxyphenyl group, to give the anhydro-derivative (III) 
(Annalen, 1925, 441, 157; 1926, 446, 87). This compound has also 
been obtained by Drumm (Proc. Roy. Irish Acad., 1923, 36, 41). 


OMe O O 


— OMe Med CR MeO CH 
‘CH-OH™ CH R 
MeO CH, MeO CH, MeO CH, 


(I.) (II.) (III.) 


Anhydrocatechin tetramethyl ether (III) contains the same 
carbon skeleton as the natural isoflavones (genistein, prunetin and 
irigenin; Baker and Robinson, J., 1925, 127, 1981; 1926, 2713; 
1928, 3115; Baker, J., 1928, 1022) and from the point of view of 
genetic relationships it was of importance to attempt to oxidise the 
methylene group in this compound to a carbonyl group with the 
object of producing 5:7: 3’: 4’-tetramethoxyisoflavone. It was 
considered doubtful whether such a relationship between the 
catechins and the isoflavones really exists in nature, since the iso- 
flavone corresponding to the catechins (5: 7 : 3’ : 4’-tetrahydroxy- 
isoflavone) is unknown and no catechins are known to occur which 
correspond to any of the known isoflavones. 

The methylene group in anhydrocatechin tetramethyl ether (III) 
does not react with aromatic aldehydes or nitroso-compounds. 
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The actions of a number of oxidising agents were investigated, but 
definite results were obtained only with potassium permanganate 
and chromic acid. Oxidation in acetone solution with potassium 
permanganate gave a mixture of 5:7: 3: 4’-tetramethouy.3. 
phenylcoumarin (IV) (yield, about 12%) and a basic substance which 
when boiled with hydrochloric acid was converted into 5:7 : 3’: 4’. 
tetramethoxyisoflavylium chloride (V) (yield, about 8%). The 
constitution assigned to (IV) was established by synthesis. Phloro. 
Cl 
O O O 
MeO, co wait 7 ‘pe ad CO 
JER YS J&R 
MoO NG MeO "ti HO ‘NG 

(IV.) , (V.) (VI.) 
glucinaldehyde, sodium homoveratrate and acetic anhydride reacted 
together to give the diacetyl derivative of 5: 7-dihydroxy-3’ : 4’. 
dimethoxy-3-phenylcoumarin (VI), which by hydrolysis and methyl- 
ation yielded (IV) (compare Dey and Row, J. Indian Chem. Soc., 
1924, 1, 121; Bargellini, Gazzetta, 1927, 57, 459). The formation 
of (VI) from (III) affords a new proof of the structure assigned by 
Freudenberg to the latter product. Demethylation of (IV) yielded 
5:7: 3’ : 4'-tetrahydroxy-3-phenylcoumarin, The basic substance 
is doubtless the glycol (VII), which is converted into the iso- 
flavylium salt (V) by the action of one molecule of hydrochloric acid 
and elimination of two molecules of water, and into the coumarin 

(IV) by loss of water and oxidation of the -CH(OH)- group. 


O O 


O 
MeO \CH-OH Me0”\“ GH MeO” \CH-OH 
/CR-0OH \ \ /CR \ /\ JOR 
MeO CH, MeO CH-OH MeO CH 
(VIL.) (VIII) ° (IX.) 

The isoflavylium salt (V) was identical with the pyrylium salt 
obtained from (III) by the action of bromine in chloroform solution 
(Drumm, loc. cit.). This compound, considered by Drumm to 
possess the structure (XII), is now regarded as (V) (Freudenberg, 
Carrara, and Cohn, Annalen, 1926, 446, 87). 

The oxidation of (III) with potassium permanganate in pyridine 
solution yielded the coumarin (IV) (yield, about 25%) and only a 
trace of the salt (V), whilst by oxidation with chromic acid in 
pyridine solution very poor yields (about 4%) of (IV) and (V) 
were obtained. 

Attention was next directed to the pseudo-base of the pyrylium 
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salt (V), probably (VIII), which might yield an isoflavone by 
oxidation of the ~CH(OH)- group. This pseudo-base, when 
treated under the conditions employed for the oxidation of (III), 
was almost unattacked, yielding a trace of the coumarin (IV), 
detectable only by its fluorescence, and a minute amount of an acid, 
probably 2-hydroxy-4 : 6-dimethoxybenzoic acid. The stability 
of this pseudo-base towards oxidation excludes the possibility of 
its being regarded as an intermediate in the oxidation of (III) to 
(IV). Its constitution is therefore regarded as (VIII) and not the 
alternative (IX), since this is a dehydration product of the glycol 
(VII) and should be readily oxidised to (IV). 

As a result of these experiments the author is of the opinion that 
the isoflavones are not derived from catechin-like substances. This 
view receives support from a consideration of the number of natural 
compounds (those with different numbers or distribution of hydroxyl 
or methoxyl groups) in the progressively reduced series flavonol, 
favone and anthocyanidin, flavanone and chalkone, catechin. 
The number of compounds in the four groups, 9, 8, 3, 1, diminishes 
as the degree of reduction increases. Further work is not likely to 
alter the relative values of these numbers to any large extent, and 
since there are two fundamental isoflavones it is improbable that they 
are derived from substances of the catechin type. It is possible 
that they may arise by dehydration of 2 : 3-dihydroflavonols. 

During the course of this work a matter of general interest was 
encountered in some experiments with anhydrocatechin tetramethyl 
ether (III). Freudenberg, Carrara, and Cohn (loc. cit.) have described 
a reddish-violet “‘ hydrochloride ” of this substance, prepared by 
treating its solution in chloroform with ethereal hydrogen chloride, 
and have formulated it as the dihydroisoflavylium salt (X). This 
compound is, however, identical with the true isoflavylium chloride 
(V), prepared either by Drumm’s method or by oxidation of (ITI). 


Cl cl 


0 0 
Meo’ \“ \cH Meo’ Nor 


f% /CHR ¥ PN: SCH, 
MeO CH, MeO CH, MeO 
(X.) (XI.) (XII.) 


The synthesis of (V) has been recorded by Freudenberg, Carrara, 
and Cohn (loc. cit.). The production of (V) from (III) is accompanied 
by the removal of two atoms of hydrogen, and this appears to be 
brought about by aerial oxidation, since in an atmosphere of 
hydrogen the formation of (V) was slow and the yield poor. 

These results led to the investigation of the analogous “ hydro- 
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chloride ” of anhydroepicatechin tetramethyl ether (II) (Freuden. 
berg, Fikentscher, and Wenner, Annalen, 1925, 442, 317), which 
was regarded as a dihydropyrylium salt (XI). This compound was 
also obtained from 3:4-dimethoxyphenyl §-2-hydroxy-4 : 6-di- 
methoxyphenylethyl ketone. This ‘‘ hydrochloride ” is now found 
to be identical in all respects with tetramethyl-luteolinidin chloride 
(XII), a substance previously prepared, although not fully described, 
by Pratt, Robinson, and Williams (J., 1924, 125, 207). A fresh 
proof is thus provided of the structure assigned to anhydroepi- 
catechin tetramethyl ether. 

Other cases are recorded in the literature where a true pyrylium 
salt is unexpectedly formed owing to oxidation. For instance, 
deoxytrimethylbrazilone (Perkin, Ray, and Robinson, J., 1927, 
2100; 1928, 1504) is readily converted into isobrazilein hydrochloride 
trimethyl ether by the action of hydrogen chloride in chloroform. 
Again, the reduction of naringenin with sodium amalgam and sub. 
sequent acidification (Asahina and Inubuse, Ber., 1928, 641, 1646) 
gave apigeninidin chloride. It is thus evident that in substances 
of this type there is a great tendency to form pyrylium salts with 
the full aromatic structure, and there seems no evidence of the 
intermediate formation of partly reduced pyrylium salts. 

After the manuscript of this paper had been completed in May, 
the author wrote to Professor Freudenberg informing him of the 
conclusions reached with regard to the constitutions of these two 
“‘hydrochlorides”’ of the anhydrocatechin tetramethyl ethers. 
A letter, dated June 12th, was received in reply, part of which is 
quoted: ‘“‘—ich habe bereits vor einem Jahre in der Dissertation 
G. Steinbrunn”’ (Heidelberg, May 15th, 1928) “ die Méglichkeit 
diskutiert, dass die beiden Oxoniumsalze Pyrylium-verbindungen 
sind; die Zersetzungspunkte der Oxoniumsalze haben mir jedoch 
fiir die Identifizierung nicht geniigt, deshalb wurde versucht, zu 
gut schmelzenden Derivaten zu gelangen, aber es wurde bisher kein 
deutliches Ergebnis erzielt. Trotzdem halte ich die Identitat fir 
méglich und im Falle des Tetramethyl-luteolinidin fiir héchst 
wahrscheinlich.”’ 


EXPERIMENTAL. 


Anhydrocatechin Tetramethyl Ether (II1).—For the preparation of 
the somewhat large quantities of this substance which were required, 
the following method, based on that of Drumm (loc. cit.), was finally 
adopted and standardised. 

d-Catechin tetramethyl ether (35 g., m. p. 143°), suspended in 
carbon disulphide (250 c.c.), was gently shaken with phosphorus 
pentachloride (25 g.). Hydrogen chloride was evolved and the 
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reactants slowly dissolved ; when the reaction ceased (about 4 hour), 
the pink solution was poured into 10% aqueous sodium carbonate 
(1 1.) and well shaken. The carbon disulphide layer was separated, 
again shaken with dilute sodium carbonate solution, dried by potass- 
ium carbonate, and filtered, and the solvent removed under 
diminished pressure at about 20°. The viscous pink residue was 
boiled under reflux for 4 hour with pyridine (140 c.c.; oil-bath at 
130°) and then stirred into water (2 1.). The white viscous product 
rapidly solidified and was then filtered off and washed ; it crystallised 
from hot alcohol in colourless, highly refracting prisms, m. p. 133— 
134° (yield, about 24 g.). 

Anhydrocatechin tetramethyl ether gives a bright orange solution 
in concentrated sulphuric acid. Its solution in acetic acid treated 
with a few drops of concentrated nitric acid gives an orange-yellow 
colour which rapidly develops a greenish tint, and then more slowly 
becomes a dull slaty-blue [d-catechin tetramethyl ether and the 
supposed tetramethyl ether of cyanomaclurin (J., 1905, 87, 720), 
which has a constitution similar to that of anhydrocatechin tetra- 
methyl ether, both give a bluish-green colour, which rapidly assumes 
an intense, pure blue tint]. When the ether is boiled with acetic 
acid and hydriodic acid (d 1-7), demethylation occurs, and addition 
of water to the resulting red solution precipitates a fliocculent, 
amorphous, reddish-brown substance. This closely resembles the 
product obtained in a similar manner from d-catechin tetramethyl 
ether, or from d-catechin itself by heating with hydrochloric acid 
in acetic acid, and is undoubtedly of the type of the so-called 
“eatechin anhydrides’ or “ phlobaphenes,’’ which can also be 
obtained from cyanomaclurin. This failure to obtain a demethyl- 
ation product is paralleled by the impossibility of obtaining d- 
catechin by demethylation of its tetramethyl] ether (in this connexion 
see Nierenstein, J., 1921, 119, 169; Ber., 1922, 55, 3833; Freuden- 
berg, Ber., 1922, 55, 1940). Anhydrocatechin tetramethyl ether 
yielded no recognisable products either by fusion with potassium 
hydroxide, towards which it is remarkably stable, or by oxidation 
with chromic acid in acetic acid solution. 

Oxidation of Anhydrocatechin Tetramethyl Ether with Potassium 
Permanganate.—A solution of the ether (4-0 g.) in acetone (240 c.c.) 
at 12° was treated with a solution of potassium permanganate 
(5-0 g.) in a mixture of acetone (150 c.c.) and water (15 c.c.), also at 
12°, in two portions, the second portion being added 5 minutes after 
the first. The temperature rose 10°, and when the permanganate 
was completely reduced (about ? hour) the filtered yellow solution, 
which exhibited a marked greenish-blue fluorescence, was poured 
into much water. The pale yellow precipitate was collected, washed 
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with dilute aqueous sodium hydroxide and with water, and the 
pyrylium base was removed by boiling with a mixture of equal 
volumes of concentrated hydrochloric acid and water (100 c.c.). 
The bright red filtrate on cooling deposited the isoflavylium salt 
(V) (0-35 g.), and the remaining solid was washed with hot dilute 
hydrochloric acid and with water and crystallised from alcohol 
(50.c.c.; charcoal). Compact spherical bunches of needles separated, 
m. p. 175° (0-48 g.). A further crystallisation from alcohol gave a 
felted mass of exceedingly pale yellow needles, m. p. 177°, whose 
melting point was not raised by further crystallisation (Found: 
C, 66-3; H, 5-3. C,9H,,0, requires C, 66-7; H, 5-3%). 

5:7: 3’: 4'-Tetramethoxy-3-phenylcoumarin (IV) is sparingly 
soluble in ethyl and methyl alcohols and acetic acid, fairly readily 
soluble in benzene and acetone, and very readily soluble in chloro- 
form. The solutions are all very pale yellow ; the alcoholic solutions 
exhibit a bluish-green, those in benzene and acetone a fine blue, 
and the solution in chloroform a strong greenish-blue fluorescence. 
The coumarin gives a yellow solution in concentrated sulphuric acid 
which is almost devoid of fluorescence, and, unlike methylated 
members of the isoflavone group, does not give an oxonium salt on 
warming with concentrated hydrochloric acid. 

5:7:3' : 4'-Tetrahydroxy-3-phenylcoumarin. — 5:7 : 3’ : 4’-Tetra- 
methoxy-3-phenylcoumarin (0-2 g.) was demethylated with hydriodic 
acid (d 1:7; 10 ¢.c.) at 140° for $ hour. The yellow crystals were 
collected after the addition of water, dissolved in boiling 50%, 
acetic acid, and the filtered solution brought to a small volume by 
boiling. The substance separated in yellow, branching clusters of 
tiny prisms, m. p. 337° (decomp.) when rapidly heated. The 
melting point is difficult to determine accurately owing to much 
darkening, and to the fact that it varies considerably with the rate 
of heating (Found in material dried at 150°: C, 62-7; H, 3%. 
C,;H,,O, requires C, 62-9; H, 35%). 5: 7:3: 4'-Tetrahydroxy- 
3-phenyleoumarin is very sparingly soluble in most solvents; it 
dissolves slightly in boiling water to a pale yellow solution. The 
solution in concentrated sulphuric acid is yellow and exhibits a 
very weak green fluorescence. A suspension in air-free water, 
treated with a drop of 1% sodium hydroxide, yields a bright yellow 
solution which when shaken rapidly darkens and becomes dull 
reddish-brown. Addition of ferric chloride to an alcoholic solution 
gives at first a greenish-yellow colour, changing with excess of the 
reagent through dull yellowish-brown to red-brown. The aqueous 
solution under similar conditions gives a weak reddish-violet colour, 
changing to a weak reddish-pink. On mordanted woollen cloth 
the following dyeings were obtained : tin, yellow; iron, dull olive- 
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green. Methylation with methyl sulphate and aqueous potassium 
hydroxide readily gave the tetramethyl ether, m. p. 176—177°. 

5: 7-Dihydroxy-3' : 4'-dimethoxy-3-phenylcoumarin (VI).—The 
diacetyl derivative was prepared by boiling phloroglucinaldehyde 
(2-2 g.) and sodium homoveratrate (4 g.) with acetic anhydride 
20 c.c.) for 24 hours. By shaking with water and a few drops of 
hydrochloric acid a solid separated, which after crystallisation from 
alcohol (charcoal), in which it was sparingly soluble, was obtained in 
pale yellow, prismatic needles, m. p. 151° (2-4 g.) (Found: C, 63-2; 
H, 4-6. C,,H,,O, requires C, 63-3; H, 45%). Its alcoholic 
solution is devoid of fluorescence, but that in chloroform has a 
marked bluish-green fluorescence. It was hydrolysed with hot 
aqueous-alcoholic sodium hydroxide for 5 minutes, and the substance 
precipitated from the diluted solution by addition of hydrochloric 
acid was dissolved in much boiling alcohol (charcoal) and separated 
after concentration in small, yellow, thin prisms, m. p. about 327° 
(lecomp.) when rapidly heated (Found in material dried at 140° : 
(, 64:9; H, 4-7. C,,H,,0, requires C, 64-9; H, 45%). 5:7- 
Dihydroay-3' : 4'-dimethoay-3-phenylecoumarin is soluble in alkalis 
and concentrated sulphuric acid to bright yellow solutions devoid 
of fluorescence. The alcoholic solution is yellow and has an intense 
greenish-blue fluorescence, and gives no colour on the addition of 
ferric chloride. The coumarin is very sparingly soluble in methyl 
alcohol and acetone and insoluble in benzene, toluene and chloroform. 

Methylation by means of methyl sulphate and dilute alkali at 
about 40° readily gave an alkali-insoluble solid, which after twice 
crystallising from alcohol (charcoal) formed pale yellow, hair-like 
needles, m. p. 176°. A mixed melting-point determination with the 
material, m. p. 177°, obtained by the oxidation of anhydrocatechin 
tetramethyl ether gave m. p. 176—177° and the melt immediately 
solidified on removal from the bath. The solubilities, fluorescences, 
ete., of the two specimens were identical. 

5:7:3':4'-Tetramethozyisoflavylium Chloride (V).—The iso- 
flavylium chloride obtained as previously described (p. 1598) 
crystallised from a mixture of equal volumes of concentrated 
hydrochloric acid and water in small, bright red, prismatic needles 
which, when placed in a melting-point bath at 115° while the 
temperature was rising 5° a minute, melted at 128—129° with 
darkening and subsequent evolution of gas. As the melting point 
of this substance varies somewhat with the rate and manner of 
heating, the conditions just described were used in taking the 
melting points of the different specimens which are recorded in this 
paper. 

The corresponding isoflavylium bromide was obtained from 
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anhydrocatechin tetramethyl ether by Drumm’s method (loc. cit.), 
and was converted into the chloride by twice crystallising it from 
a mixture of equal volumes of concentrated hydrochloric acid and 
water. The chloride melted at 128—129° either alone or mixed with 
the specimen described above. 

As noted by Pratt and Robinson (J., 1925, 127, 1132), who 
examined the bromide, this pyrylium salt is derived from a very 
weak base. It passes with great readiness into the colourless 
pseudo-base, as may be seen by diluting a solution in fairly con. 
centrated hydrochloric acid, the colour rapidly fading. The 
pseudo-base is completely extracted from this solution by shaking 
with benzene, and addition of concentrated hydrochloric acid 
regenerates the isoflavylium salt in the upper layer as microscopic 
red crystals, which, on shaking, dissolve in the aqueous layer to 
a red solution, the benzene becoming colourless. These changes 
may be repeated ad libitum by the addition of water and then 
acid. Asuspension of the isoflavylium chloride in water immediately 
gives the white solid pseudo-base when shaken with dilute aqueous 
ammonia. The attempted demethylation of the salt gave a black, 
tarry, phenolic product. 

Oxidation of Anhydrocatechin Tetramethyl Ether in Pyridine with 
Potassium Permanganate.—This experiment yielded a negligible 
amount of the isoflavylium salt (V), and the yield of 5:7: 3':4’- 
tetramethoxy-3-phenyl-coumarin (IV) was rather more than twice 
that obtained when the oxidation was carried out in acetone solution. 

Anhydrocatechin tetramethyl ether (2 g.) in pyridine (50 c.c.) 
at 12° was treated in portions during 10 minutes with a solution of 
potassium permanganate (2-5 g.) in pyridine (100 c.c.) and water 
(5 c.c.). A rise in temperature of 10° occurred. After 4 hour the 
product was poured into water (1-5 1.), sulphur dioxide passed until 
the manganese dioxide dissolved, and then concentrated hydro- 
chloric acid was added until the solution was on the point of becom- 
ing pink. After 2 hours the light flocculent precipitate was collected, 
washed, and boiled with a mixture of equal volumes of concentrated 
hydrochloric acid and water (50 c.c.): The faintly pink filtrate 
deposited no isoflavylium salt, nor were any phenolic or acidic 
substances obtained by washing the residue with dilute aqueous 
sodium hydroxide. The residue crystallised from alcohol in fine 
needles, m. p. 176°, consisting of pure 5 : 7 : 3’ : 4’-tetramethoxy-3- 
phenyleoumarin (0-5 g.). 

Oxidation of the isoFlavyliwm Pseudo-base (VIII).—The pseudo- 
base (the ethyl ether of which has been described by Drumm 4s 
colourless needles, m. p. 133—134°) was obtained (a) by shaking 
the chloride in water with benzene, drying the benzene layer with 
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sodium sulphate and distilling it, the base being left as a colourless 
viscous oil, and (6) as a solid by shaking the chloride with dilute 
aqueous ammonia and filtering the liquid. Both specimens re- 
generated the pyrylium salt with hydrochloric acid, and behaved 
identically on oxidation. 

The pseudo-base (2 g.) in acetone (120 c.c.) was oxidised at 12° 
by the addition in two portions of potassium permanganate (1-25 g. ; 
half the amount used in the analogous oxidation of the anhydro- 
derivative IIT) in acetone (40 c.c.) and water (4c.c.). The reduction 
of the permanganate was slow. After 18 hours the liquid was 
filtered, and the filtrate, which was pale yellow with a scarcely 
visible greenish fluorescence, was poured into water. After the 
acetone had been expelled by boiling, the white suspension dis- 
solved completely to a bright red solution on warming with quarter 
its volume of concentrated hydrochloric acid; the isoflavylium 
chloride crystallised on cooling. The coumarin derivative (IV) is 
therefore only present in an amount detectable by its fluorescence, 
and no isoflavone is produced, since, although feebly basic, all 
isoflavones are insoluble in the strength of hydrochloric acid used 
above, even at the boiling point. By using twice the weight of 
potassium permanganate, exactly the same result was obtained, 
and an experiment similar to the first with 4 g. of the pseudo-base 
gave back 2-3 g. of the initial material. 

Similar results were obtained by oxidising the pseudo-base (1 g.) 
with potassium permanganate in pyridine solution using (a) the 
same conditions as were employed for the oxidation of the anhydro- 
derivative (III), and (5) half the weight of potassium permanganate. 
In both cases the pseudo-base was largely unattacked and the 
amount of the coumarin (IV) produced, judging by its fluorescence, 
was certainly less than 1 mg. Further, about 2 mg. of a carboxylic 
acid were obtained which crystallised from hot water in tiny, colour- 
less, prismatic needles, m. p. 154—155°. This acid evolved gas 
above its melting point and gave an intense reddish-violet ferric 
chloride reaction, and there can be little doubt that it is 2-hydroxy- 
4:6-dimethoxybenzoic acid, which has m. p. 152—154° (Herzig 
and Wenzel, Monatsh., 1901, 23, 95, give m. p. 150°, decomp.). 
Owing to the small amount of this acid available its complete 
investigation was not possible. 

“ Hydrochloride” of Anhydrocatechin Tetramethyl [Ether 
(6:7: 3’: 4'-Tetramethoxyisoflavylium Chloride) (V).—(A) Prepared 
by the method of Freudenberg, Carrara, and Cohn (loc. cit.), 0-5 g. 
of this substance was obtained after 3 days from 1 g. of anhydro- 
catechin tetramethyl ether. As stated by these authors, it crystal- 
lised with considerable loss from 2N-hydrochloric acid; but it 
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crystallised without loss from a mixture of equal volumes of con. 
centrated hydrochloric acid and water in tiny, bright red, prismatic 
needles, m. p. 128—129° (decomp.; under the conditions given on 
p. 1599). 

(B) This compound was more readily obtained by dissolving 
anhydrocatechin tetramethyl ether (1 g.) in a warm mixture of 
equal volumes of glacial acetic acid and acetic anhydride (30 c.c.), 
and saturating the solution while still warm with a moderately 
rapid stream of hydrogen chloride without cooling. The cherry. 
red solution soon deposited red crystals, separation being practically 
complete in about 2 hours. The deep red crystals (0-5 g.) gave 
m. p. 128—129° both before and after recrystallisation. An 
appreciable quantity of the substance remained dissolved in the 
original mother-liquor. 

Prepared by either method, the two specimens were identical in 
all respects, pseudo-base formation and regeneration of salt, etc., 
and also identical with the isoflavylium chlorides prepared by 
Drumm’s method and by oxidising the anhydro-derivative (III). 
Complete identity was confirmed by careful mixed melting-point 
determinations with all four specimens. The appearance of this 
compound varies slightly with the size of the crystals when it 
separates from a non-aqueous solvent, the larger crystals having 
a somewhat deeper red colour. 

The anhydro-derivative, when treated by method (B) above, in 
an atmosphere of hydrogen gave a light red solution, but after 
about 6 hours this deposited only colourless prisms of the initial 
material and after 24 hours only a relatively small amount of the 
isoflavylium salt had separated. The small yield of (V) obtained 
by method (B) was not increased by bubbling air through the 
solution during the saturation with hydrogen chloride. 

This salt may also be obtained from (III) by saturating an acetic 
acid solution with hydrogen chloride, although the separation is not so 
rapid or complete as in the presence of acetic anhydride. It is also 
formed by boiling (III) with equal volumes of glacial acetic acid 
and concentrated hydrochloric acid, though the reaction is not 
complete and continued boiling appears to cause partial demethyl- 
ation and formation of phlobaphenes. 

An attempt was made to prepare the corresponding isoflavylium 
sulphate by dissolving anhydrocatechin tetramethyl ether (1 g-) 
in warm glacial acetic acid (50 c.c.) and adding a mixture of con- 
centrated sulphuric acid (1 ¢.c.) and glacial acetic acid (5 c.c.). 
The solution immediately became red and soon deposited small, 
scarlet, prismatic needles (0-4 g.), m. p. when rapidly heated 200° 
with partial decomposition and darkening from about 170°. Sulphur 
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estimations varied, and indicated that sulphonation had probably 
taken place. 

5:7:3':4'-Tetramethoxyflavylium Chloride (XII)—(A) Tetra- 
methyl-luteolinidin chloride. This compound was obtained as 
described by Pratt, Robinson, and Williams (loc. cit.) by the action 
of hydrochloric acid on 2-hydroxy-4 : 6-dimethoxystyryl 3 : 4-di- 
methoxyphenyl ketone. It was stated to separate from concentrated 
hydrochloric acid in glistening, red, prismatic needles, and on the 
addition of water to form a hydrate as orange-red clusters of micro- 
scopic needles. The characteristic ferrichloride was described and 
analysed. 'Tetramethyl-luteolinidin chloride was recrystallised by 
dissolving it in a hot mixture of equal volumes of concentrated 
hydrochloric acid and water and saturating the solution while still 
hot with hydrogen chloride. It separated in deep red, boat-shaped 
crystals, or in blunt-ended prisms having a greenish-yellow reflex, 
m. p. When fairly rapidly heated 161—162° (decomp.; the melting 
pint varies somewhat with the rate of heating). It was also 
obtained in sheaves of orange-red pointed needles with greenish- 
yellow reflex, m. p. 161—162°, by dissolving it in hot 8% hydro- 
chlorie acid, cooling the solution in water, and saturating it with 
hydrogen chloride. This salt is not a simple compound, but is a 
hydrochloride of (XII) containing 2H,O (Found: C, 51-8; H, 5-4; 
Cl, 16-0; loss at 105° in a vacuum over phosphoric oxide, 16-2. 
CygH90,;Cl,HCI,2H,O requires C, 52-4; H, 5-6; Cl, 16-2; loss of 
HCl and 2H,O, 16-6%). Other cases of such anomalous hydro- 
chlorides are known, ¢.g., flavylium chloride itself and 4-methoxy- 
favylium chloride (Perkin, Robinson, and Turner, J., 1908, 93, 
1111). The properties of the substance are not altered by drying 
in a vacuum at 105° over phosphoric oxide, but the substance, 
whilst actually deep red, appears almost black, and has a fine green 
reflex; the crystals become red when powdered. 

Tetramethyl-luteolinidin chloride is easily soluble in water and 
alcohol to stable orange-red solutions, the former being immediately 
decolorised by sodium bisulphite or by zine and acetic acid. It is 
somewhat soluble in chloroform, but insoluble in ether. Addition 
of concentrated hydrochloric acid to the aqueous solution precipitates 
the chloride, and the addition of alkali precipitates a weakly coloured, 
non-crystalline base which regenerates the salt with acids. These 
properties agree exactly with those previously described for the 
“ hydrochloride ”’ of anhydroepicatechin tetramethyl ether. 

(B) “‘ Hydrochloride”’ of anhydroepicatechin tetramethyl ether. 
3: 4-Dimethoxyphenyl 8-2-hydroxy-4 : 6-dimethoxyphenylethyl 
ketone (prepared by the catalytic reduction of the corresponding 
unsaturated ketone) was dissolved in benzene, and. the solution 
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saturated with hydrogen chloride (Freudenberg, Fikentscher, and 
Wenner, loc. cit.). Deep red, blunt-ended prisms quickly separated. 
These possessed no reflex and melted, when rapidly heated, at 161— 
162° (decomp.). By cooling a solution of these crystals in hot 8% 
hydrochloric acid and saturating it with hydrogen chloride, the 
characteristic sheaves of pointed orange-red needles with greenish. 
yellow reflex, m. p. 161—162°, identical with those described under 
(A), were obtained. By drying in a vacuum as before, the substance 
became very dark and acquired a green reflex. The complete 
identity of the two specimens prepared under (A) and (B) was estab. 
lished by their identical behaviour under all the conditions previously 
mentioned, and was confirmed by mixed melting-point determin. 
ations, which showed no depression of the melting point. 


THE Dyson Perrins LABORATORY, 
OxFORD. [Received, June 18th, 1929.] 





CCX.—Photochemical Equilibrium in Nitrogen Per- 
oxide. Part III. A Comparison of the Thermal, 
Photochemical, and Electrical Decompositions, and 


a General Theory of the Change. 
By Ronatp G. W. NorrisuH. 


A COMPARISON of the corresponding thermal and photochemical 
reactions in a given system has at times yielded results of import- 
ance to the theory of chemical reactivity ; of this the study of the 
hydrogen-bromine reaction by Bodenstein and his co-workers (Z. 
physikal. Chem., 1923, 107, 1; 1924, 114, 208), the demonstration of 
the atom-chain mechanism in the hydrogen—chlorine reaction by 
Poélanyi (Trans. Faraday Soc., 1928, 24, 607), and the study of 
autoxidation in liquid systems by Backstrom (Trans. Faraday 
Soc., 1928, 24, 601) are outstanding examples. In the present 
paper, an attempt is made to extend this method of attack to the 
case of the homogeneous decomposition of nitrogen peroxide, since 
sufficient relevant data now exist for a complete study. This 
reaction differs from those mentioned above in that primary mole- 
cular dissociation into atoms plays no part, nor is any kind of 
chain mechanism involved; it occurs both under thermal and 
photochemical conditions as the result of a collision between two 
molecules without any complicating side or secondary changes. 
Thus we shall deal with a type of gas reaction not hitherto treated 
in this way, and the results to be expected are likely to be of no 
less importance-than those accruing in the examples cited above. 
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It will be convenient briefly to recapitulate the facts. The 
thermal change 2NO, — 2NO + O, was studied by Bodenstein, 
Boés, Lindner, and Ramstetter (Z. physikal. Chem., 1922, 100, 
68), who found that the decomposition occurs as a homogeneous 
bimolecular reaction, taking place with measurable velocity over 
the temperature range 300—400°, with a temperature coefficient 
of 1-5. The present author (Nature, 1928, 122, 923) re-examined 
their data and showed that this reaction is in accord with the 
theory of kinetic activation (Hinshelwood, ‘‘ Kinetics of Chemical 
Change,”’ 1927), affording an additional illustration of the mechan- 
ism of gaseous bimolecular change. According to this view, which 
on account of its simplicity and satisfactory confirmation we shall 
adopt throughout this work, two molecules (e.g., of NO.) react on 
collision when their joint kinetic energy exceeds a certain limiting 
quantity Z, termed the heat of activation. The theory can be 
tested by calculating HZ by two independent methods—from the 
velocity coefficient and from the temperature coefficient—and in 
the present instance is confirmed by the agreement of the two 
values, viz., H = 32,000 and 33,200, respectively, for [2NO,] at 
627° Abs. It is, then, possible to say that the thermal decom- 
position of nitrogen peroxide occurs as a homogeneous bimolecular 
reaction strictly in accord with modern kinetic views of chemical 
reactivity. 

The thermal data for the reaction were further studied by Boden- 
stein and Lindner (loc. cit.), who, from accurate measurements of 
the effect of temperature on the equilibrium constant, calculated 
that the decomposition of 2 mols. of NO, occurs with the absorption 
of 26,000 cals. at constant volume. The decomposition is thus 
endothermic, and the result of Bodenstein and Lindner is in full 
agreement with those of Berthelot and Thomsen for the reverse 
reaction, which, after correction for the heat of association of NO,, 
give values of 25,900—26,200 cals. for the direct oxidation of 
2NO to 2NOQ,. 

The corresponding photochemical change 

Light 


2NO, 7 _~ 2NO + 0, 


Dark 


was first observed and studied by the present author (J., 1927, 761). 
The forward light reaction was found to occur as a homogeneous 
change involving collision between a photoactive and an inactive 
molecule of peroxide, the absence of any primary photochemical 
dissociation into atoms being indicated by (1) the fine structure 
shown by the nitrogen peroxide absorption spectrum, deep into 
the ultra-violet. (Harris, Proc. Nat. Acad. Sci., 1928, 14, 690), 
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(2) the impossibility of liberating atomic oxygen in an endothermic 
reaction by the comparatively low energy of visible radiation, and 
(3) possibly by the failure to detect water formation when the 
photodecomposition is effected in the presence of hydrogen. The 
non-existence of a chain mechanism is demonstrated by the fact 
that the quantum efficiency of the reaction rises to a limiting con. 
stant value of 2 with decreasing wave-length, as shown in Table III 
of Part II (Norrish, this vol., p. 1167). We shall therefore adopt 
the mechanism 
NO, + hy = NO,’ 
NO,’ + NO, = 2NO + O, 

as being the only one fully consistent with all the facts of the 


reaction. 
Fig. 1. 
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One of the most important facts relative to the photochemical 
reaction is the demonstration by Dickinson and Baxter (J. Amer. 
Chem. Soc., 1928, 50, 774) of a sharp photochemical threshold in 
the middle of the region of strongest absorption, 436—405 w, 
an observation fully confirmed in Part II of this series (Joc. cit.). 
In Fig. 1 of this paper are plotted the combined results of the 
quantum-efficiency measurements of Dickinson and Baxter and of 
Norrish, together with an approximate curve showing the mean 
light absorption by nitrogen peroxide. From the curve we may 
take the wave-length 350 up» as the first at which the quantum 
efficiency reaches its theoretical maximum of 2: this means that 
every quantum exceeding a limiting magnitude given by Nhy = 
80,000 cals., which is absorbed, generates an active molecule NO,’, 
which unfailingly reacts on subsequent collision with an inactive 
molecule of NO,. Quanta of smaller magnitude, e.g., those corre- 
sponding to 4 = 405 uu, given by Nhv = 70,000 cals., are not 
completely efficient, and the quantum efficiency of 0-7 indicates 
that only a fraction 0-7/2 = 0-35 of the impacts between active 
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and inactive molecules results in reaction. Quanta of still smaller 
magnitude corresponding to 4 = 436 uy, given by Nhv = 64,000 
cals., are rarely if ever capable of activating molecules sufficiently 
for reaction, so that virtually all collisions between active and 
inactive molecules in this case must involve the dissipation of the 
energy by some process not leading to chemical reaction. 

To account for these results, we shall assume that, by analogy 
with thermal reactions, the probability of reaction between a photo- 
active and an inactive molecule in cases where the quantum efficiency 
is less than the maximum, is conditioned by the joint energy of 
impact of the two molecules; this, for a given degree of photo- 
chemical activation, must exceed a certain limiting amount. We 
shall term this quantity the kinetic increment, and note that it 
represents the amount by which the photochemical activation 
must be augmented from kinetic sources to occasion chemical 
reaction on impact. On this view the absorption of light of wave- 
length shorter than 350 uy generates photoactive molecules which 
are capable of reacting on collision with the average NO, molecule 
and thus require no kinetic increment. Since every collision in 
such cases is effective, the temperature coefficient of the photo- 
chemical reaction in light of shorter wave-length than 350 uu 
should be very nearly unity. For light of wave-length longer 
than 350 up, the temperature coefficient may be calculated on the 
basis of the theory of kinetic activation in the following way: the 
ratio of fruitful impacts to total impacts between photoactive and 
inactive molecules will be in the ratio of the observed quantum 
efficiency y to the maximum possible quantum efficiency, 2. This 
again is given in terms of the kinetic increment H by e~“/“7. Hence 


Fruitful impacts y _ eo BIRT 


Total impacts ~— 2 





From the values of Z so obtained we may calculate the temperature 
coefficients of the photochemical reactions for various wave-lengths 
by the usual Arrhenius equation. Thus, corresponding to the 
magnitudes y = 0:7 and y = 0-005, we calculate temperature coef- 
ficients of 1-035 and 1:3, respectively, the values increasing steadily as 
the quantum efficiency diminishes. From these results, it is probable 
that considerable photochemical decomposition should be detect- 
able in blue light at high temperatures. (Such an investigation is 
understood now to be in progress elsewhere.) 

We now come to the important contrast between the thermal 
and the photochemical reaction. On the one hand, we note that 
the heat of activation of the former is 32,500 cals. per 2NO,, and 
that two molecules of peroxide unfailingly react when they collide 
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with thermal energy exceeding this amount. On the other hand, 
for the photochemical reaction a minimum excitation to the extent 
of some 80,000 cals. is required in order that reaction may inevit- 
ably follow on the next collision, whilst excitation to the extent of 
64,000 cals. (436 yu)—although this is double the energy required 
by the thermal reaction—is totally ineffective in causing decom. 
position. The inevitable conclusion is that a photoactive molecule 
of nitrogen peroxide may hold more than double the energy required 
for its disruption in the thermal reaction without reacting, and 
that, in spite of this, a small additional kinetic activation to the 
extent of a few thousand calories or so is sufficient to precipitate 
chemical change. 

It is clear that only part of the absorbed light energy becomes 
available for purposes of chemical activation; we shall assume, 
therefore, that in order that the latter may occur, there must be 
a definite transference of energy from the light quantum to the 
molecular degrees of freedom of rotation and vibration. This view 
is based on the concept which Franck has so successfully applied 
to explain the mechanism of the photochemical dissociation of 
the halogens and other substances (T7'rans. Faraday Soc., 1925—26, 
21, 536), and the present case may perhaps be regarded as the first 
extension of Franck’s idea to embrace the process of photochemical 
activation as distinct from dissociation. In this sense, photo- 
activation and thermal activation must be considered akin, and 
though differently caused, they must give rise to the same efiect— 
a stimulation of the molecular rather than the electronic degrees 
of freedom of the molecule. 

This principle of the limited availability of absorbed light energy 
must therefore involve the partition of the absorbed energy between 
several degrees of freedom—electronic, vibrational, and rotational 
—and in this respect the chemical evidence adduced above is in 
full accord with the recent results of the study of molecular absorp- 
tion spectra showing fine structure. The work of V. Henri, of 
Franck, and of Mulliken has shown that when light is absorbed by 
a molecule, quantised molecular vibrational and rotational changes 
are associated with each electron level, which may involve the 
direct transference of an appreciable part of the energy of the light 
quantum to vibration. This activation of the vibrational degree 
of freedom as a result of light absorption may also take place by 
a secondary process involving collisions of the second kind between 
excited and non-excited molecules—a process with which, as will 
appear shortly, we cannot in the present instance be concerned. 

It would therefore seem to be necessary to distinguish carefully 
between two distinct molecular conditions of excitation and activ- 
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ation. In the former, the molecule may hold far more energy than 
is required for its decomposition without reacting, as in the case 
of molecular iodine (Oldenberg, Z. Physik, 1923, 18, 1) and hydrogen 
(Franck, T'rans. Faraday Soc., 1925—1926, 21, 536) and in the 
resent instance, whilst activation occurs only when the vibrational 
and rotational energy is raised to the critical level required for 
reaction. A mechanical analogue may be found in the flywheel 
of an engine, which, like the electron, may hold more energy 
than is required to disintegrate the structure, but only becomes 
dangerous when it induces throughout the body of the machine 
sympathetic vibrations which the framework is not strong enough 
to withstand. 

Activation by this process will only give rise to photochemical 
change if the activated molecules contain all or very nearly all the 
thermal energy required for the bimolecular reaction, since the 
inactive partner of the collision will, in general, be an average 
molecule and contribute nothing to the energy pool for reaction 
purposes. Thus, in cases where the activation following excitation 
is even only 2000 cals. short of that required for the bimolecular 
reaction, the subsequent collision will probably be deactivating 
rather than fruitful of reaction, since the necessary kinetic incre- 
ment of 2000 cals. will only be forthcoming in exceptional cases. 
Thus, in such a case, according to the method of calculation adopted 
above, the quantum efficiency for the decomposition of nitrogen 
peroxide will have fallen to 


y = 2e-2000600 — 9.075, 


It is believed that this principle of the distinction between activ- 
ation and excitation is one which can be usefully applied through- 
out the whole of photochemistry, and that no molecule can be said 
to be in a truly chemically active state until sufficient energy has 
been introduced into its ‘“‘ thermal ”’ degrees of freedom. 

If the above arguments be accepted as sound, we may propound 
the question: What becomes of such absorbed light energy as, in 
the present case of nitrogen peroxide, does not lead to decom- 
position? In blue light there is no chemical effect; yet molecular 
absorption occurs to the extent given by Nhv = 64,000 cals., a 
quantity which, if degraded to heat through the medium of a 
collision of the second kind, would provide practically double the 
energy required for thermal activation, and therefore inevitable 
decomposition. 

The inference is obvious: no such complete degradation of the 
absorbed energy to heat can be admitted, and we are thrown back 
i the only alternative, that of re-radiation. Such fluorescence 
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should occur as a result of the de-excitation of the electronic degree 
of freedom, and the energy of the fluorescent radiation should show 
a deficiency equal to that part of the absorbed energy which has 
passed to the thermal degrees of freedom as pictured above. Now 
the life of an excited molecule is of the order 10-8 sec., and at 0] 
atm. pressure the time between collisions of nitrogen peroxide 
molecules is of the order 10°. It therefore follows that the excited 
molecule must make several collisions without parting with its 
energy as heat, and a priori, that the fluorescence should occur 
independent of pressure within wide limits. 

From a further consideration of the facts, it follows that in 
violet light which shows incomplete photochemical efficiency, the 
minimum of 26,000 cals. of energy, which must be introduced into 
the vibrational degree of freedom to supply the endothermic heat 
of decomposition, is very nearly reached; only a further small 
kinetic increment of 600 cals. (as calculated above from the quantum 
efficiency) is required. Excited molecules which obtain this energy 
increment on collision will therefore react photochemically without 
fluorescence, since the peroxide molecule is destroyed in the pro- 
cess; but those molecules unable to make a favourable collision 
will lose their electronic energy as fluorescence, the wave-length of 
which will correspond to 69,000—25,000 = 44,000 cals., 7.e., 620 wy. 
There will thus be a restricted fluorescence in violet light. 

In the case of the reaction in ultra-violet light, where the photo- 
chemical efficiency is complete, there are no ineffective collisions. 
Hence the energy introduced into the thermal degrees of freedom 
must exceed that required for reaction, and no kinetic increment is 
required. It follows that no fluorescence should be observable, 
since the excited molecule is decomposed and the surplus energy 
must therefore be carried away by the products as heat. 

The fluorescence predicted above has now been observed and is 
described in Part IV (following paper), but it may be mentioned 
here that a light emission by nitrogen peroxide in the region sug: 
gested above (620 wu) has already been noted by Zenneck and 
Strasser (Physikal. Z., 1911, 42, 1202) in the discharge tube. Thus, 
when the gas is led at low pressure through a long tube in which it 
is subjected to the effect of an alternating discharge, a sequence of 
four coloured zones occurs along the tube from the point of entry 
in the order orange-yellow, green, violet, red. The explanation of 
this effect was first given by Zenneck and Strasser, and later fully 
confirmed by Kneser (Ann. Physik, 1926, 79, 591), who proved that 
in the first zone decomposition of the peroxide to nitric oxide and 
oxygen occurred, whilst the succeeding zones represent later stages 
in the decomposition to nitrogen. This decomposition of nitrogen 
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peroxide must occur through the agency of electron collisions, 
which, since light emission is stimulated, must first involve the 
generation of excited peroxide molecules. When we remember the 
identity of excitation produced by electron collisions of the first 
kind and by light absorption, the parallelism between the photo- 
chemical and electrical decomposition of nitrogen peroxide seems 
complete. We may therefore regard the luminescence as being 
produced by such excited molecules as do not decompose on collision, 
whereas other molecules, more strongly activated in the chemical 
sense, are decomposed on collision without the possibility of lumin- 
escence. The luminescence observed by Zenneck and Strasser 
extends over a considerable spectrum range from the orange to the 
yellow as an apparently continuous emission; the absence of fine 
structure is perhaps not difficult to understand in view of the com- 
plexity of the nitrogen peroxide absorption spectrum and the wide 
range of energy in the exciting electrons. Its wave-length limits 
correspond roughly with those of the fluorescence of the gas to be 
described in the sequel, and extend on either side of the luminescence 
indicated by the photochemical theory above. 


Summary. 

A comparison has been made of the data relating to the homo- 
geneous thermal and photochemical decompositions of nitrogen 
peroxide. It is indicated that far more energy is required to 
decompose the molecule photochemically than thermally. On the 
basis of these considerations a general distinction based on Franck’s 
views is drawn between spectral excitation and photochemical 
activation, a principle of limited availability of absorbed light 
energy being involved. This hypothesis leads to certain con- 
clusions and predictions connecting fluorescence with photochemical 
activity in nitrogen peroxide. The decomposition of nitrogen per- 
oxide in the discharge tube is considered and is shown to be accom- 
panied by a luminosity in the predicted region. 
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CCXI.—Photochemical Equilibrium in Nitrogen Per- 
oxide. PartIV. The Relation between Fluorescence 
and Photochemical Action. 


By Ronatp G. W. Norrisu. 


THE comparison between the homogeneous photochemical and 

thermal decompositions of nitrogen peroxide (Part III, preceding 

paper) led to certain conclusions concerning the nature of the 
31 
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photochemical activation of the peroxide molecule, on the basis of 
which a fluorescence showing definite relationship to photochemica] 
activity was indicated. The expected effects have been observed, 
and are herein shown to conform closely to the requirements of the 
theory by which they were predicted. 


EXPERIMENTAL. 


After some unsuccessful attempts by various means, the fluo. 
rescence was finally observed by a simple method used by R. W. 
Wood for iodine vapour (“ Physical Optics,” Macmillan, 1923, 
p. 581); this consisted in sharply focusing a strong beam of mono. 
chromatic radiation through the gas in a darkened room. Pure 
dry nitrogen peroxide at a pressure of about 20 mm. was enclosed 
in a bulb of about 600 c.c. capacity, with a stem which could be 
cooled in liquid air to control the pressure of the enclosed gas. 
As a light source, a small mercury vapour lamp was employed, 
combined with the colour filters described in Part IT of this series 
(this vol., p. 1161). The room was completely darkened and the 
lamp thoroughly shaded by a suitable box with a hole of 6 cm. 
diameter for emitting the light. The hole was covered by the 
colour filter, and the beam of light focused to a sharp pencil by a 
strongly convergent lens. 

When the blue line from the mercury lamp was used, interposition 
of the bulb of nitrogen peroxide caused a bright streak of orange 
luminescence, which sharply defined the path of the exciting light 
beam. With violet light the fluorescence stimulated was slightly 
weaker and more greenish. With ultra-violet light of 365 uy no 
fluorescence was observed at first, but subsequently a very faint 
orange glow was found which lay at the limit of visibility (see 
below). 

When the nitrogen peroxide was frozen by placing the stem of 
the bulb in liquid air, the fluorescence disappeared, and it reappeared 
before the colour of the nitrogen peroxide vapour when the solid 
was allowed to become warmer, and soon increased to an approxin- 
ately constant intensity; while the pressure of the gas further 
increased up to the total pressure of 20 mm. it showed no sign of 
abating. 

When the bulb was heated to 200—300° the fluorescence was 
strongly diminished, probably owing to the thermal decomposition 
of the nitrogen peroxide into nitric oxide and oxygen, since, as 
was found later, small quantities of oxygen exert a strongly inhibit- 
ory action on the glow. 

In order to obtain the fluorescence more strongly developed, the 
apparatus shown in Fig. 1 was devised. The mercury-vapour 
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lamp A was of the horizontal tubular type, and was situated outside 
the dark room, the light being focused through a hole in the wall 
by means of a large condenser B of 11 in. aperture, which was 
completely covered by cells C and D containing the appropriate 
colour filters. 

The fluorescence chamber, a horizontal tube E, 6 cm. by 30 cm., 
had a plane glass window cemented to one end, and was connected 
at the other end through drying tubes to a Hyvac pump, a Bourdon 
pressure gauge K communicating with a vertical mercury mano- 
meter M, and to the nitrogen peroxide and other gas supplies. 
The light beam after entering the dark room was reflected vertically 
downward to a focus along the axis of the tube by means ef a 
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plane mirror H. In this way a column of gas about 20 cm. long 
could be illuminated intensely by monochromatic light. The fluo- 
rescence was best seen on looking along the axis of the tube through 
the window at the end. 

With this apparatus the fluorescence was intense enough for 
visual examination in a constant-deviation spectroscope, and photo- 
graphs of its spectrum on neocyanin plates hypersensitised with 
ammonia were finally obtained after exposures of about 80 hours 
with a slit width of 4 mm. 

Visually the spectra stimulated both by blue and by violet light 
appeared almost continuous, but betrayed a faint structure which 
was too confused for accurate measurement on account of the 
wide slit necessary to obtain sufficient intensity for observation. 
They extended in both cases from about 665 yy to about 500 up, 
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but there was evidence of a very faint emission of still shorter 
wave-length between 480 uy and 450 uy. On account of the 
impracticability of accurate visual observation, further measure. 
ment was carried out photographically. 

The optimum pressure for observation was about 5—10 mm. of 
nitrogen peroxide, but the fluorescence was visible at about 1 mm. 
pressure before the colour of the gas became apparent. Beyond 
about 20 mm. the fluorescent streak gradually receded towards the 
point of entry of the exciting light, owing to the more rapid absorp. 
tion of the beam, and simultaneously there was a decrease in its 
intensity due to partial reabsorption by the gas. It still remained 
apparent, however, up to 90—100 mm. 

The addition of oxygen at a pressure of 20 mm. of mercury 
almost completely extinguished the fluorescence : this effect recalls 
the similar action of oxygen in other cases of fluorescence, par- 
ticularly that of iodine (Wood, loc. cit.), and if we assume that 
every collision between excited nitrogen peroxide molecules and 
oxygen molecules is effective in quenching the fluorescence, it follows 
from the above result that the duration of the excited state is 
5 x 10° sec., a value of the same order as that found for other 
substances such as the halogens (see, e.g., Franck and Jordon, 
** Anregung von Quantum Spriingen durch Stésse,” Springer, 1926). 

This effect of oxygen rendered difficult the production of durable 
intensities with violet light suitable for photographing, since oxygen 
is set free in the photochemical decomposition. For the same reason 
it was also impossible to use Wood’s “ light furnace,” the heat of 
which would have produced a considerable thermal dissociation of 
the peroxide. The difficulty was partly overcome by adding nitric 
oxide at about 1 cm. pressure, which is less effective than oxygen 
in diminishing the fluorescence and reduces the partial pressure of 
oxygen by throwing back the photochemical equilibrium. Never- 
theless, although an instantaneous bright intensity of fluorescence 
could be obtained in pure peroxide with violet light, the equilibrium 
intensity even with the above precautions was so weak as to neces- 
sitate long exposures of 100 hours or more, and even then the 
resulting photographs were faint compared with those obtained by 
blue light with shorter exposures. 

The photographs reveal unmistakable structure in the spectra. 
The main emission is seen to be confined to two broad bands lying 
in the red-orange and in the yellow-green parts of the spectrum, 
between wave-lengths 655—625 and 605—560 uy. The latter band 
particularly shows developed a finer structure of narrower bands, 
the greatest intensity being on its long wave-length side. Beyond 
these two strong fluorescence regions towards the blue, other bands, 
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spaced fairly regularly, are faintly discerned. A careful examin- 
ation of the “ blue” and “ violet ’’ fluorescence spectra has shown 
them to be identical in structure, and to extend between the same 
limits, though there is a very important difference in the distribution 
of intensity. Thus in the case of the “blue” fluorescence the 
maximum intensity occurs in the red band, imparting a general 
orange-red tint to the luminescence. On the other hand, in the 
case of the “‘ violet ” fluorescence, the intensity of the red band is 
so much diminished that it is practically invisible to visual spectro- 
scopic observation, and the greenish-yellow band, being apparently 
unaffected, determines the predominating colour. 

Photographs of the absorption spectrum of nitrogen peroxide in 
the red and yellow were made with the same setting of the spectro- 
graph, for comparison with the fluorescence spectra, in order to see 
if the structure of the latter was that of the impressed absorption 
spectrum. From a comparison of these spectra shown in Fig. 2, it 
will be seen that, although similarities exist, the structure of the 
fluorescence spectrum is, in part at least, independent of the structure 
of the absorption spectrum. 

The fluorescence was found to be unpolarised. This observation 
is in agreement with the comparatively long life of 5 x 10° sec. 
found for the excited molecule, and in this respect, and also in the 
comparatively great width of its emission bands, the fluorescence 
differs from the scattered radiation of the Raman effect. These 
facts, and the persistence of the fluorescence at high pressures, are 
indeed all in favour of the conclusion that in the pure gas the 
NO, molecule, excited by the absorption of blue or violet light, 
may suffer many molecular encounters before it re-emits its energy. 
This will have the effect of partly obliterating the fine structure, 
and would account for the rather wide diffuse bands observed. 


Fluorescence and Photochemical Activity. 


From a knowledge of the magnitudes of the quanta of the exciting 
and fluorescent radiation, we can calculate the quantity of energy 
degraded to heat as vibration and rotation within the molecule. 
In accordance with the principles developed in Part III (loc. cit.), 
this localised heat energy is available for chemical reaction if it 
equals or exceeds in magnitude the quantity, 26,000/N cals., 
required for the endothermic change, N being the Avogadro number. 
Thus, if the excited peroxide molecule makes a favourable collision 
with a second non-excited molecule, such that this quantity of 
nergy at least is degraded to heat, we may expect reaction to 
oeur. In such a case, fluorescence will be absent, since the excited 
molecule is destroyed by the reaction, and the excess energy must 
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remain located in the reaction products and appear as heat in the 
system. On the other hand, if less than 26,000/N cals. of energy 
are available for the two colliding molecules, the collision will be 
unfruitful of reaction, and fluorescence may follow. 

Now the limit of fluorescence caused both by blue and violet 
light lies at ca. 655 uu. With blue light (436 uz) the maximum 
energy which remains in the molecule is therefore (65,700— 
43,500)/N = 22,200/N cals., a quantity insufficient for reaction 
and far outside the range of probable supplementary thermal 
activation. There is thus no observable photochemical effect in 
blue light, and a strong fluorescence. With violet light (406 uy) 
the maximum energy which can remain in the molecule is 70,100— 
43,500/N = 26,600/N cals. In this case the molecule is thus 
capable of reaction: other molecules retaining a slightly less favour. 
able amount of thermal energy will also be on the brink of decom. 
position, and susceptible of reaction upon only a very slight supple- 
mentary activation by the colliding molecule. 

If we assume the value of 5 x 10° sec. determined above for the 
life of the excited peroxide molecule, we may calculate that at 10 mm. 
pressure it will make some 4 or 5 collisions during its period of excit- 
ation, and at higher pressures proportionately more. Small amounts 
of auxiliary activation up to 900/N cals. or so will generally be avail- 
able on the course of 4 collisions. This quantity is sufficient to cover 
the whole of the supplementary activation required by any molecule 
excited by violet light to the condition of emitting the red fluo- 
rescence, so that there is a strong probability that such molecules 
at pressures exceeding 10 mm. will react before fluorescence can 
occur. In this way we can explain the relative weakness of the 
red-orange fluorescence band between 655 and 625 wy produced 
by violet light. 

We thus see that with violet light, photochemical activity is 
restricted to molecules excited to the condition of red fluorescence, 
since those capable of emitting the yellow-green fluorescence (605— 
560 uz) would require much greater auxiliary activation than is 
available from thermal sources. This is in harmony with the 
limited photochemical activity already found for violet light 
(Part II, loc. cit.), and there is thus indicated spectrally a slight 
thermal activation for the photochemical reaction with violet light, 
involving a small temperature coefficient, as has already beet 
concluded on other grounds (Part III, loc. cit.). 

Fluorescence with Ultra-violet Light—It follows from the ideas 
developed above that fluorescence and photochemical activity are 
respectively conditioned by the stimulation of the electronic and 
of the vibration-rotation degrees of freedom of the molecule. It is 
clear, therefore, that fluorescence is not necessarily alternative to 
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chemical reaction, although by virtue of the fact that at pressures 
over 1 mm. the excited and chemically active molecule makes more 
than one collision in its lifetime, it usually happens that reaction 
occurs before de-excitation by fluorescence can take place. We 
may conceive, however, that at pressures between 1 and 10 mm. a 
certain small residue of excited molecules will escape collision during 
their lifetime, and these will fluoresce before reaction occurs. Such 
molecules will retain their thermal energy of vibration and rotation 
after fluorescence, and will still be in a position to react chemically 
when a collision is later effected. Now, with ultra-violet light of 
wave-length 365 uu, the quantum efficiency of the photochemical 
reaction is very closely 2; consequently, every excited molecule 
reacts upon subsequent collision, and therefore, except for the 
small residue of molecules mentioned above, which escape reaction 
during their period of excitation, the possibility of fluorescence is 
absent. This conclusion is in accord with the fact that originally 
no fluorescence was observed with ultra-violet light. In view of 
the above consideration, however, it was thought that a slight 
residual fluorescence should still be detectable, and it was therefore 
determined to seek the effect. The bulb method described in the 
earlier part of this paper was used, the pressure of the nitrogen 
peroxide being about 10 mm. The source of light was again the 
mercury-vapour lamp, used in conjunction with a Wratten 18a 
ultra-violet filter, and special precautions were taken for excluding 
all stray light from the apparatus. By this means a glow of a 
yellow tint was obtained in the nitrogen peroxide which was so 
faint as to be almost at the limit of visibility, although the beam 
of exciting light was in this case stronger than those employed to 
stimulate the “ blue” and the “ violet” fluorescence. The effect 
was if anything strongest at a pressure somewhat less than the 
maximum pressure of 10 mm. which could be obtained in the bulb, 
and although this could not be observed quantitatively it was 
confirmed by independent observers. 

This experiment, which was suggested by the above conclusions 
respecting the independence of the states of excitation and photo- 
chemical activation, thus gives confirmatory evidence of their 
essential correctness. The almost complete absence of fluorescence 
with ultra-violet light of wave-length 365 yy shows that the excited 
molecules practically all react before they can emit their energy 
as fluorescence, and is in agreement with the fact that this light 
exhibits practically the maximum quantum efficiency of 2. The 
very faint residual fluorescence’ which is at a maximum at some 
pressure between 1 and 10 mm., at which the nitrogen peroxide is 
still known. to decompose with the same quantum efficiency, is 
evidence that even after fluorescence the molecule is still chemically 
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active by virtue of the vibrational-rotational energy retained in 
the system. The yellowish tint of the fluorescence is also in accord 
with the view that molecules excited by ultra-violet light tend to 
give out the same fluorescence spectrum as those excited by blue 
and violet. 

The relationships discussed above are illustrated quantitatively 
in Figs. 3a, 36, and 3c. These diagrams are in no sense to be 
regarded as complete, and are meant to illustrate the principle 
involved rather than any exact formulation of the energy levels of 
the molecule. (Any attempt at the latter must, of course, await 
the elucidation of the complicated absorption spectrum of nitrogen 
peroxide.) The ordinates represent the quantum magnitudes of 
the exciting and the fluorescent radiation, and the associated 
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thermal degradation involving vibrational levels within the molecule 
expressed in terms of Nhy and measured in calories. Along the 
abscisse are plotted corresponding wave-lengths. The energy of 
the exciting radiation is represented by AB, and the energies of 
the two fluorescence maxima by B’C and B’’D. The whole fluo- 
rescence region, or potential fluorescence region, is represented by 
the area bb’cd, which should be variously shaded to represent the 
variation in intensity of the fluorescence spectrum. Below this, 
the area aa’cd represents the energy degraded thermally which is 
associated with the various vibrational and rotational degress of 
freedom in the molecule. Of these, two suggested vibrational levels 
are indicated at C and D corresponding to the fluorescence maxima 
at 640 and 590 uy» whose energy difference (3800 cals.) corresponds 
with that of the absorption maxima of nitrogen peroxide at 3:38 
and 6-11 u (3760 cals.) found by E. Warburg and Leithauser (Siz 
ungsber. K. Akad. Wiss. Berlin, 1908, 148). It will be seen that 
the same electron transition is assumed in each of the three diagrams, 
associated with different vibrational levels for the blue, violet, and 
ultra-violet excitation. Although this is definitely indicated for 






































IN NITROGEN PEROXIDE. PART IV. 1619 


blue and violet light by the identity of their fluorescence spectra, it 
jsadmittedly an assumption for the case of the ultra-violet, but it is 
perhaps not ill-founded in view of the successful prediction of the 
residual fluorescence in the latter case, particularly as this fluo- 
rescence has essentially the same tint as in the other cases. 

Thus, to summarise, excitation with the blue light (Fig. 3a) is 
associated with insufficient thermal degradation for chemical 
reaction, and de-excitation occurs exclusively by fluorescence. 
With violet light (Fig. 3b) the thermal degradation for some mole- 
cules surpasses, and for some others approaches closely, the quantity 
required for the endothermic decomposition, and for the latter the 
slight supplementary activation required is in general available 
during their life. With these, therefore, reaction occurs and 
fluorescence is prevented; with others whose thermal degradation 
is outside the range of probable supplementary activation, chemical 
reaction cannot occur. Fluorescence is therefore restricted in the 
red and unaffected-in the yellow regions. 

With ultra-violet light (Fig. 3c) thermal degradation is in all 
cases sufficient to supply the necessary energy for reaction without 
supplementary activation, and, except for a very slight residual 
effect corresponding to those excited molecules which escape 
collision during their lifetime, fluorescence is impossible, since the 
excited molecule reacts on its first collision. 


The Energy of Thermal Activation. 


In the thermal decomposition of nitrogen peroxide we distinguish 
the quantity 32,000 cals. as the energy of activation of the homo- 
geneous bimolecular reaction. This quantity, which is calculable 
both from the temperature coefficient and from the speed of reaction, 
is for bimolecular reaction apparently mainly drawn from the 
energy of the translational degrees of freedom, when two molecules 
of peroxide make a sufficiently violent collision, Since, however, 
we have seen that reaction follows when the vibrational-rotational 
degrees of freedom of one of the colliding molecules hold the energy 
of decomposition, 26,000 cals., it would appear that a collision 
involving 32,000 cals.—the energy of activation—is just sufficient 
to stimulate vibration within the molecule to the extent of 26,000 
cals. required for reaction. 

If these views are generalised for homogeneous bimolecular 
reactions, they suggest that the energy of activation represents 
the minimum collisional energy required to activate the vibrations 
of one of the participating molecules up to an energy content equal 
to the energy of reaction of some primary endothermic change. 
In certain cases, e.g., that of the decomposition of nitrogen peroxide, 
this primary change will represent the ultimate extent of the 
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reaction; but in other instances, e.g., in the decomposition of 
chlorine monoxide, its product may be unstable, and the primary 
change will then be followed by others which mask the energy 
relationships of the primary reaction and may even involve a net 
exothermic effect. 

The relationship now disclosed between fluorescence and photo. 
chemical activity was predicted by a comparison of the kinetics of 
the homogeneous thermal and photochemical decompositions of 
nitrogen peroxide (Part III, loc. cit.), and the experimental con- 
firmation of these predictions may be taken as establishing the 
identity of the immediate effects of thermal and photochemical 
activation. In addition, the present work suggests that the mole. 
cule of nitrogen peroxide is active for decomposition when it holds 
within its vibrational—rotational degrees of freedom the energy 
required for endothermic change. 

It is then seen that from chemical considerations we are led to 
deduce both (1) the limited availability of absorbed light energy, 
and (2) the general recognition of associated levels of thermal and 
electronic vibration within the molecule, which may be severally 
stimulated by the absorption of a single light quantum—a con- 
clusion in full accord with the modern developments of molecular 


spectroscopy. - 
ummary. 


The fluorescence predicted for nitrogen peroxide by the theoretical 
considerations developed in Part III (preceding paper) has been 
detected and photographed. Blue light (436 uu) produces an 
orange luminescence, and violet light (405 ux) a greenish-yellow 
luminescence. The spectra show identical structures, involving in 
the main two wide maxima at ca. 640 and 590 uy, respectively, 
but with violet light the relative intensity of the former maximum 
is much less than with blue light. Under similar conditions there 
is an extremely faint fluorescence with ultra-violet light of 365 uy. 
The fluorescence appears at a pressure of about 1 mm. and is still 
apparent at pressures as high as 100 mm.; it is rapidly quenched 
by oxygen at 20 mm., a result which leads to an estimate of 5 x 10° 
sec. as the life of the excited molecule. 

The energy relationships confirm the theoretical conclusions of 
Part III of this work, and a general scheme connecting fluorescence 
with photochemical activity in nitrogen peroxide is suggested. The 
bearing of this result on the nature of the thermal heat of activation 
is further discussed. 


The author is indebted to the Government Grant Committee of 
the Royal Society for a grant which has covered the main cost of 
this work, to Professor T. M. Lowry, F.R.S., for sympathetic aid 
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in granting facilities for carrying it out, and to his friends, Mr. 
(. P. Snow and Dr. A. M. Taylor, for valuable criticisms and 
suggestions. 


DEPARTMENT OF PHysIcAL CHEMISTRY, 
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Substances of the Phenarsazine Type containing the Acenaphthene 
Nucleus. By Cuarites Stantey Greson and Joann Dosney 
ANDREW JOHNSON. 


TuE generality of the method previously described (J., 1927, 2499; 
1928, 2204) for the preparation of organic arsenicals is further 
illustrated by the preparation of such compounds from 3-amino- 
acenaphthene. 

3-Aminoacenaphthene (30 g.), o-bromophenylarsinic acid (50-4 g.), 
anhydrous potassium carbonate (34-2 g.), amyl alcohol (150 c.c.), 
and a trace of copper powder boiled for 5 hours gives a 17-5% yield 
of crude o-(3-acenaphthylamino)phenylarsinic acid (I). The crude 
aid, which is not easy to purify, is dissolved in dilute aqueous 
ammonia and treated with an equal volume of aqueous ammonia 
(d 0-880); the ammonium salt is then precipitated in small shining 
plates. From an aqueous solution of this salt the acid is recovered 
by means of acetic acid; and it now crystallises from dilute acetic 
acid in fine colourless needles, decomp. 180—181° (Found : As, 20-3. 
(gH, ,0,NAs requires As, 20-3%). 


H,C—OH, 


t) AsO(OH), 


m_<> 

On reduction of the crude acid (7-2 g.), dissolved in a hot mixture 
of alcohol (40 e.c.) and concentrated hydrochloric acid (40 c.c.) 
containing a trace of iodine, with sulphur dioxide an orange-red 
precipitate is obtained. If the reaction follows the usual course, 
this compound is 7-chloro-12 : 7-dihydroisoacenaphthabenzarsazine 
ll, X = Cl). On crystallisation from toluene, it is obtained in 
ieep orange-red, rhombic plates, m. p. 241° (decomp.) (Found : 
Ul, 10-0; As, 21-0. C,gH,,NClAs requires Cl, 10-0; As, 21-2%). 

1-Bromo-12 : '7-dihydroisoacenaphthabenzarsazine (II, X = Br), 
imilarly prepared from the above acid, hydrobromic acid (38%) 
ting used instead of hydrochloric acid, is obtained in deep orange- 
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red, rhombic prisms, m. p. 244—246° (decomp.) (Found : Br, 20-). 
C,,H,,NBrAs requires Br, 20-1%). 

The oxidation of the above chloro-compound by the methods 
generally employed does not appear to proceed smoothly.—Guy’s 
Hospitat Mepicat ScHoot (UNIVERSITY oF LoNnpDoN), Lonpoy, 
S.E.1. [Received, June 12th, 1929.] 





The Reaction between Magnesium Phenyl Bromide and Phenyl 
Glycide. By D. R. Boyp and G. J. C. VINEALL. 

y-Phenoxy-«-phenylisopropyl Alcohol.—A solution of phenyl glycide 
(14-5 g.) in 20 c.c. of ether was added in small quantities to a cooled 
Grignard reagent prepared from 2-4 g. of magnesium, 16 g. of bromo. 
benzene, and 40 c.c. of ether. The mixture was heated for 2 hours 
in a water-bath, the ether removed, and heating continued at 100° 
until frothing occurred. Water was added to the cooled product, 
which was then subjected to steam distillation until the distillate was 
only slightly milky. The cooled residue was treated with hydrochloric 
acid and the precipitated oil was separated after solidification, and 
crystallised from alcohol and water. After recrystallisation from 
ether-light petroleum it formed very small plates, m. p. 92-5° 
(Found: C, 79-0; H, 7-0. C,;H,,0, requires C, 78-95; H, 7-0%). 

When the reaction was carried out as described, 16-5 g. of crude 
product (75% of the theoretical yield) were obtained, and an ethereal 
extract of the steam distillate gave only bromobenzene and pheny! 
glycide. When the reaction mixture was not heated after the 
addition of the phenyl glycide, the yield was reduced. It was almost 
negligible if heating was omitted after removal of the solvent ether, 
and it was very much diminished if the heating was not continued 
until the residue frothed. An oil containing bromine, b. p. 165°/15 
mm., probably «-bromo-y-phenoxyisopropyl alcohol, was obtained 
from the steam distillate in those cases where the magnesium addition 
compound was not heated before decomposition with water. Ribas 
(Anal. Fis. Quim., 1928, 26, 122) obtained «-bromo-y-methoxyiso- 
propyl alcohol along with a 25% yield of y-methoxy-«-phenyliso- 
propyl alcohol by the action of magnesium phenyl bromide on 
methyl glycide. y-Phenoxy-«-phenylisopropyl alcohol is readily 
soluble in the usual organic solvents, but difficultly so in light 
petroleum. It reacts with phosphorus trichloride to give a product 
which on decomposition with ice yields an ester of phosphorous 
acid soluble in ammonia. The ester is less stable towards hydrolys- 
ing agents than the corresponding derivative of wy-diphenoxy#s 
propy] alcohol (Boyd, J., 1901, 79, 1221), and attempts to crystallise 
it failed —University CoLtteas, Soursampton. [Received, June 
ist, 1929.] 
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CCXII.—The Production of Pinacols in the Reaction 
between a Carboxylic Ester and a Grignard Reagent. 


By Harotp H. Harr. 


Tue reaction between a carboxylic ester and a Grignard reagent 
yields a pinacol if metallic magnesium is present (Boyd and Hatt, 
J., 1927, 898), and its production is explained by supposing that the 
corresponding ketone is formed at an intermediate stage of the 
reaction. 

Gomberg and Bachmann (J. Amer. Chem. Soc., 1927, 49, 236) have 
shown that in the reduction of a ketone by magnesium and 
magnesium iodide the halogenomagnesium pinacolate (I) or the 
corresponding metal kety] is first formed. 


(1) 2CORR’ = 2CRR’-OMgI — [OMgI-CRR”], 
bi (I.) 
When less magnesium iodide than that required by equation 
(1) is used, reduction is not so rapid: the halogenomagnesium 
pinacolate (I) first formed dissociates into the magnesium pinacolate, 


Mero Ms (II) and magnesium iodide, and the latter then takes 
part in the reduction of a further quantity of the ketone, the final 
product consisting chiefly of (II). 

In attempts, therefore, to improve the small yields of benzpinacol 
previously obtained (loc. cit., p. 907), the reaction between magnesium 
phenyl bromide and methyl benzoate was brought about in presence 
of magnesium and larger quantities of magnesium iodide. The 
results were unexpected. When the reaction was carried out at 
30—60° in the presence of sufficient magnesium and magnesium 
iodide to give a theoretical yield of (I), no benzpinacol could be 
isolated. When the Grignard reagent was added rapidly to the 
ester, the strong purple colour of the metal ketyl appeared for a while, 
but vanished so soon as the addition was complete. 

Such observations suggested that (I) is first formed but afterwards 
destroyed. A possible explanation is the subsequent formation 
(equation 2) of a compound analogous to Schlenk’s disodiobenzo- 

(2) 2Ph,C-OMgI + Mg + Mgl, = 2Ph,0-OMgI 
MglI 
phenone (Ber., 1914, 47, 486) which by reason of its close resemblance 
to the magnesium alkyl halides might be expected to possess con- 
siderable reactivity (Gilliland and Blanchard, J. Amer. Chem. Soc., 
1926, 48, 411). However, no evidence of its formation was obtained 
when ene was shaken for long periods with excess of 
K 
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magnesium and magnesium iodide in ether—benzene :. an ethereal 
solution of the iodomagnesium benzpinacolate in presence of 
magnesium and magnesium iodide showed no special reactivity 
towards either methyl benzoate, magnesium phenyl bromide or 
bromobenzene. 

The harmful effect of excess of magnesium iodide is apparent in 
other cases. Ethyl o-chlorobenzoate and magnesium phenyl 
bromide in presence of magnesium and a little magnesium iodide 
gave 27% ofthe corresponding pinacol, but when sufficient magnesium 
and magnesium iodide to produce the theoretical quantity of the 
pinacol were used the yield fell to 59%. From ethyl o-toluate and 
magnesium phenyl bromide the maximum yield of pinacol (45°) was 
obtained when 10% of the theoretical quantity of magnesium iodide 
was present. 

In a study of the effect of substituents in the benzene nuclei of the 
ester and of the Grignard reagent on the yield of pinacol, the 
standard procedure adopted was approximately that indicated in 
Expt. 4 (J., 1927, 906). The table summarises the results. Cases 
(1) and (8) are complicated by the fact that separation of triaryl- 
methoxymagnesium bromide commenced during the early stages of 
the reaction and prevented good contact between the metal and the 
liquid. 

The experiments indicate that substitution of ethyl benzoate in 
the ortho-position generally favours the production of pinacols; the 
effect, however, depends much on the nature of the substituent. 
This result would be expected if the two reactions which are in 
competition were represented by equations (3) and (4). 


(3) R,C=O-+ Mel = R,C~OMeI 
(4) R,C-O0 + R’MgBr = [R,C—O--MgBr]R’ —> R,C-OMgBr. 
Rey LH R’ 
The great effect of the methyl group in the ortho-position and its 
slight effect in other positions are clearly indicated by cases (2) and (5). 
In the table, a = % yield of pinacol calculated from 0-1 mol. of 
ester; 6 = % yield of carbinol calculated from 0-1 mol. of ester. 


t 
b. 


a 


swonwow-: 


Ester Grignard reagen 
(0-1 mol.). (0-2 mol.). 

C,H,-CO,Me C,H,;-MgBr 
o-C,H Me-CO,Et C,H,-MgBr 
o-C,H,Me-CO,Et p-C,H,Me-MgBr 
o-C,H,Me-CO,Et o-C,H,Me-MgBr 
p-C,H,Me-CO,Et O,H,-MgBr 
o-C,H,Cl-CO,Et C,H,-MgBr 
o-C,H,Br-CO. Et C,H,-MgBr 
o-OMe-C,H,CO,Me  C.H,-MgBr 
o-C,H,Cl- t H,Me-MgBr 
a-C,,H;CO,Bt C,H, MgBr 
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No pinacol is formed in cases (4) and (9) where an. ortho- 
substituent is present both in the ester and in the Grignard reagent. 
The result is surprising, since, in absence of magnesium, ethyl 
o-toluate and magnesium o-tolyl bromide gave a 66% yield of the 
ketone. Di-o-tolyl ketone reacted in ether—benzene solution with 
the amounts of magnesium and magnesium iodide required for the 
formation of the iodomagnesium pinacolate, giving a deep purple 
solution the hydrolysis of which yielded di-o-tolylcarbinol (25%) and 
alittle ketone, . The purple colour of the solution was discharged by 
oxygen or iodine, but very little iodine reacted even after prolonged 
treatment, and the quantity of ketone regenerated was small. 


2(C,H,),0-OMgl + I, = 2(0,H,),0=0 + 2Maly. 


The results indicate that the iodomagnesium pinacolate is formed 
but is extremely unstable. Probably it undergoes intermolecular 
oxidation and reduction analogous to the reactions so well known in 
the triarylmethyls and diarylnitrogens. ty 

Cohen and Montagne (Rec. trav. chim., 1919, 38, 120) obtained a 
diphenyldi-«-naphthylpinacol of m. p. 158°. The substance now 
obtained melts at 199° and is possibly the second form, m. p. 220°, 
of this pinacol, recently described by Bachmann and Shankland 
(J. Amer. Chem. Soc., 1929, 54, 306). s-2 : 2’-Dichlorobenzpinacol 
has been obtained of m. p. 164°, differing from the pinacol of m. p. 
178° described by Koopal (Rec. trav. chim., 1915, 34, 115): the two 
pinacols can be readily distinguished by. their crystalline form. 
The product of the reaction between ethyl o-chlorobenzoate and 
magnesium phenyl bromide contained both pinacols, that of m. p. 
181° being present only in small quantity. Both pinacols were also 
produced when o-chlorobenzophenone was reduced with magnesium 
and magnesium iodide, but in this case the pinacol of m. p. 181° was 
present in the larger quantity. Magnesium phenyl bromide trans- 
forms the pinacel of m. p. 181° into a bromomagnesium pinacolate 
which, on hydrolysis, yields chiefly the pinacol of m. p. 164°; the 
conversion, however, is not complete. The properties of the two 
pinacols indicate that they are the meso- and racemic forms. The 
transformation of one form into the other is then readily explained 
if it is assumed that, in the free radicals into which the halogeno- 
magnesium pinacolates dissociate, the groups attached to the 
unsaturated carbon atom either readily change positions or occupy 
identical positions (compare Jones and Mason, J. Amer. Chem. Soc., 
1927,49, 2528 ; Schlenk and Bergmann, Annalen, 1928, 463,109). In 
solution the free radical would then be in equilibrium with both 
configurations of the halogenomagnesium pinacolate and hydrolysis 
would lead to the two forms of the pinacol. This explanation was 
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also advanced by Bachmann and Shankland. The position of 
equilibrium would be expected to depend greatly on the nature of the 
halogenomagnesium pinacolates. In the present case the substitution 
of bromine for iodine appears to effect a considerable displacement 
of this position. 

The isolation of two forms of pinacol in some cases may be due to 
another cause. In the reaction between ethyl o-chlorobenzoate and 
magnesium phenyl bromide the yield of pinacol was 27%, but the 
amount of magnesium halide present was insufficient to maintain this 
pinacol as the halogenomagnesium pinacolate, and both (I) and (II) 
must have been present. (The quantity of magnesium halide 
present can be calculated approximately from the amount of iodine 
used to start the Grignard reaction and from the yield of diphenyl.) 
If like groups, and especially the o-chlorophenyl groups, are assumed 
to repel one another (Béeseken, Proc. K. Akad. Wetensch. Amsterdam, 
1925, 28, 371), the stable configurations in each case would be : 


CoH CoH, 


Hy 
(III.) - a if ™ and CoH" me 


IMgO 


Because of ii presence of free radicals the pinacolates will be able 
to assume these configurations, hydrolysis of which would yield the 
racemic pinacol from (III) and the meso-pinacol from (IV). It was 
this hypothesis which led to attempts to isolate two forms of the 
pinacol from the products of the reaction between an ester and a 
Grignard reagent. The complications encountered have prevented a 
complete test in this case. Experiments in this direction are being 
continued. 

Diphenyldi-o-tolylpinacol has been rearranged to the corre- 
sponding pinacolin and the phenyl group has been found to migrate 
in preference to the o-tolyl group. This is in agreement with the 
behaviour of o-halogen-substituted benzpinacols (Koopal, loc. cit.). 
The experiments of Elbs (J. pr. Chem., 1887, 35, 477) seem to indicate 
that 2:5-dimethylphenyl migrates in preference to the phenyl 
group. 

EXPERIMENTAL. 

The yields of pinacol recorded in the table were obtained under 
the following standard conditions: 0-2 g.-mol. of the Grignard 
reagent was added during 13—2 hours to a well-stirred solution of 
0-1 g.-mol. of the ester in ether at 50° in the presence of 0-1 g.-atom 
of magnesium, in an atmosphere of nitrogen; after being heated for 
a further hour, the mixture was decomposed with ice and dilute acid. 
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The experiment with ethyl «-naphthoate and magnesium phenyl 
bromide described below is typical of the series. 

Action of Magnesium Phenyl Bromide on Ethyl «-Naphthoate (10).— 
The Grignard reagent was prepared from 0-2 g.-mol. of bromo- 
benzene, 0-22 g.-atom of magnesium, 0-1 g. of iodine, and 100 c.c. of 
ether in accordance with the optimum conditions recommended by 
Gilman and McCracken (Rec. trav. chim., 1927, 46, 463). It was 
added under the conditions described above to 0-1 g.-mol. of ethyl 
«-naphthoate and 0-1 g.-atom of magnesium in 50 c.c. of ether. 
The mixture was decomposed with ice and after a while dilute 
sulphuric acid was slowly run in until the magnesium hydroxide just 
dissolved, the mixture being shaken vigorously. The filtered 
ethereal solution was washed with dilute sulphurous acid and water 
and dried, and the ether removed ; fractional crystallisation of the 
residue from light petroleum produced only diphenyl-«-naphthyl- 
carbinol. From the residual oil, 0-8 g. of diphenyl was isolated by 
steam distillation. The final residue on fractional crystallisation 
from light petroleum-ether yielded two fractions (0-88 g.), m. p. 
185—190°; subsequent fractions consisted of diphenyl-«-naphthyl- 
carbinol (total yield, 7 g.), which was identified by conversion into 
9-phenylnaphthaphenofluorene, m. p. 193—194° (Kovache, Ann. 
Chim., 1918, 10, 184). 

The two fractions, crystallised once from acetone and light 
petroleum (b. p. 60—80°) and once from chloroform and alcohol, 
formed prisms, m. p. 199°. The melt did not crystallise on cooling. 
The substance was identified as diphenyldi-«-naphthylpinacol by 
analysis (Found: C, 86-3; H, 5-8. Calc. for C,,H,,0,: C, 87-5; 
H, 5-6°%), by the dirty purple colour developed with cold concentrated 
sulphuric acid, and by the green colour produced at first in hot 
alcoholic potash. Bachmann and Shankland (loc. cit.) give m. p. 220°. 

Action of Magnesium Phenyl Bromide on Methyl 0-Anisate (8).— 
The addition of the Grignard reagent produced at once a white 
precipitate which gradually formed a hard white mass; no colour 
developed. 15 G. of diphenyl-o-anisylcarbinol, m. p. 128—129°, 
were obtained. Practically the only by-products were those formed 
in the preparation of the Grignard reagent. 

Action of Magnesium Phenyl Bromide on Ethyl o-Bromobenzoate 
(7)—Addition of the Grignard reagent produced a red-brown colour. 
The products of decomposition, by treatment with alcohol and then 
with light petroleum, gave 2-4 g. of a substance, m. p. 140—150°. 
This, crystallised several times from chloroform and acetone, formed 
colourless rhombs, m. p. 166°, of s-2 : 2’-dibromobenzpinacol (Found: 
Br, 30-65. Cale. for C,,H»,0,Br,: Br, 306%). Koopal (loc. cit.) 
gives m. p. 168°. 
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From the mother-liquors remaining after the isolation of the 
pinacol, by treatment with dry hydrogen chloride in benzene solution, 
1-9 g. of o-bromotriphenylchloromethane, m. p. 116—118°, were 
isolated. 

In a second experiment the Grignard reagent was added during 
7-5 hours. Only 0-34 g. of the pinacol (1-3%) could be isolated. In 
addition 2 g. of 6-bromotriphenylearbinol, m. p. 101—103-5°, were 
obtained. Distillation of the residual oils under reduced pressure 
yielded o-bromotriphenylmethane (7-7 g.), m. p. 84—85°, and other 
products which were not identified. 

Action of Magnesium Phenyl Bromide on Ethyl o-Chlorobenzoate 
(6)—A red-brown solution remained after the addition of the 
Grignard reagent. When the products of decomposition, washed 
and freed from ether, were poured into alcohol, s-2 : 2’-dichlorobenz. 
pinacol crystallised at once. Further separations were obtained by 
evaporation and by the addition of light petroleum (yield, 6-9 ¢.). 
An oil (A) remained. The pinacol, recrystallised several times from 
chloroform and alcohol, gave rhombic crystals, m. p. 164° (decomp) 
(Found : Cl, 16:3; M, cryoscopic in benzene, 415,420. C,,H,,0,C), 
requires Cl, 16-3%; M, 435). It was identified by rearrangement to 
the pinacolin, m. p. 139-5—140-5°, and by the fleeting blue color- 
ation produced with alcoholic potash. 

Reduction of the products of the reaction with alcoholic potash 
with zinc dust and alcoholic potash yielded o-chlorodiphenylcarbinol, 
m. p. 63°. 

Later fractions from the crystallisation of the pinacol, when 
recrystallised many times, gave a mixture, m. p. 163—169°, in 
which, under the microscope, rhombic crystals of the pinacol of m. p. 
164° and small elongated rectangular plates of the pinacol of m. p. 
181° were easily distinguished. 

The oil (A), when freed from alcohol and treated with light petrol- 
eum, gave 3-3 g. of o-chlorotriphenylearbinol, m. p. 93° after 
orystallising from acetic acid. The residues, treated with hydrogen 
chloride in light petroleum—benzene, gave 6-2 g. of o-chlorotriphenyl- 
chloromethane. 

In a second experiment, 0-1 g.-atom of magnesium and 0-1 g.-atom 
of iodine were warmed in 33 c.c. of ether and 17 c.c. of benzene until 
the liquid became colourless. The mixture was stirred well and 
0-1 g.-mol. of ethyl o-chlorobenzoate was added rapidly, followed by 
the Grignard reagent as in the first experiment. The subsequent 
procedure was as in that experiment. From the reaction products 
1-05 g. of pinacol (4-8%) and 10 g. of the carbinol were isolated. 
Crystallised twice from chloroform and alcohol, the pinacol melted 
at 163—164° and consisted only of the low-melting form. 
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Reduction of o-Chlorobenzophenone.—{1) With zinc dust and acetic 
acid. o-Chlorobenzophenone, prepared after the method of Koopal 
(loc. cit.) and crystallised from light petroleum containing a little 
chloroform, melted at 45°5°. 

7-5 G. of zinc dust were added gradually with frequent shaking to 
a solution of 5 g. of the ketone in 50 c.c. of glacial acetic acid. The 
mixture was heated for 2 hours at 50°, kept over-night, and then 
poured into water. The insoluble material was dried, and extracted 
with chloroform. The extract was concentrated somewhat and 
alcohol added, 3-7 g. of pinacol, seen under the microscope to consist 
of long rectangular plates and a much smaller quantity of rhombic 
crystals, being obtained. The two constituents were isolated in a 
pure condition by fractional crystallisation from chloroform and 
alcohol. The pinacol erystallising in rectangular plates is the 
s-2 : 2’-dichlorobenzpinacol of Koopal and when pure melts at 181° 
(decomp.) (Found: Cl, 16-6; M, eryoscopic in benzene, 415, 417. 
Cale. for CygH 0,Cl,: Cl, 16-3%; M, 435). Koopal gives mi p. 
178°, and Cohen, 174—175° (Ree. trav. chim., 1919, 38, 120). They 
isolated only the one form. The pinacol crystallising in rhombs 
melts at 164° and is identical with the low-melting form already 
described. 

In a second experiment the reduction of the ketone with zinc dust 
and acetic acid was allowed to proceed at room temperatures for 
5 days (compare Montagne, Rec. trav. chim., 1907, 26, 253). The 
yield of pinacol was slightly improved (4-1 g.) and both forms were 
present in approximately the same proportion as in the first experi- 
ment. 

(2) With magnesium and magnesium iodide. A mixture of 0-02 g.- 
atom of magnesium, 0-02 g.-atom of iodine, 13-5 c.c. of ether, and 
6-5 c.c. of benzene was refluxed until it became colourless. It was 
then cooled, the air replaced by nitrogen, 0-02 g.-mol. of o-chloro- 
benzophenone dissolved in 8 c.c. of benzene added, and the whole 
shaken. After 4 hours, when all the magnesium had dissolved, the 
resulting red solution was decomposed with ice and acidified with 
dilute sulphuric acid. The ethereal solution was separated, washed 
with dilute sulphurous acid and water, and dried. Evaporation of 
the ethereal solution left an oil from which, by solution in chloroform 
and addition of alcohol, 2-9 g. of crystalline material were obtained. 
A small amount of oil remained. From the crystalline material, 
by fractional crystallisation from chloroform and alcohol, s-2 : 2’-di- 
chlorobenzpinacol of m. p. 181° and a new substance (A), m. p. 
180—183°, were obtained. They could be readily distinguished, for 
the substance (A) formed stout prisms with pyramid-like ends, was 
much more soluble in chloroform, and was not decomposed at its 
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melting point but resolidified on cooling. In addition a small 
amount of the pinacol of m. p. 164° was present. The yield of the 
substance (A) was increased by raising the temperature at which the 
reduction of the ketone was carried out, much smaller amounts of 
the pinacols then being obtained. 

Action of Magnesium Phenyl Bromide on s-2 : 2'-Dichlorobenz. 
pinacol (m. p. 181°).—To 1-6 g. of the pure pinacol and 8 c.c. of dry 
benzene, in an atmosphere of nitrogen, was added an ethereal 
solution of magnesium phenyl bromide in excess of that required for 
the formation of the bromomagnesium pinacolate. The clear 
purple-red solution obtained was decomposed with ice after 3 days. 
0-95 G. of crystalline material was isolated from the reaction pro- 
ducts. By fractional crystallisation this was found to consist 
chiefly of the low-melting form, which was isolated in a state of 
purity (m. p. 163°). A much smaller amount of the pinacol of high 
melting point was present, which was not obtained quite free from 
its isomeride. An experiment in which the solution of the bromo. 
magnesium pinacolate was refluxed for 2 hours and then decomposed 
yielded the two forms of pinacol in essentially the same proportion 
and also a small amount of the substance (A). 

Action of Magnesium Phenyl Bromide on Ethyl p-Toluate (5).—The 
experimental conditions were those described for case (10). After 
decomposition with ice the products of the reaction were purified by 
steam distillation and the residue was fractionally crystallised from 
light petroleum, 0-65 g. of diphenyldi-p-tolylpinacol being obtained, 
m. p. 162—163° after crystallising twice from chloroform and alcohol. 
Other products consisted of 8-3 g. of diphenyl-p-tolylcarbinol, m. p. 
75—77°, and 2 g. of the corresponding chloromethane, m. p. 97—98°. 

Preparation of Di-p-tolyl-o-tolylchloromethane.—A filtered solution 
of the Grignard reagent prepared from 0-4 g.-mol. of p-bromotoluene, 
0-5 g.-atom of magnesium, and 200 c.c. of ether was cooled to 0”, 
and 0-09 g.-mol. of ethyl o-toluate added gradually. After a while 
the mixture was refluxed for 6 hours, cooled, and decomposed in the 
usual way. The ethereal layer was separated and freed from ether 
and the residue was steam-distilled to remove di-p-tolyl. The oil 
remaining was dissolved in light petroleum and dried. Passage of 
dry hydrogen chloride through the solution in presence of a little 
fused calcium chloride caused the separation of di-p-tolyl-o-tolyl- 
chloromethane (13-4 g.) (Found: Cl, 11-5. .-C,,H,,Cl requires (, 
11-0%), which crystallised from light petroleum (b. p. 40—60°) in 
colourless needles, m. p. 106°. 

Action of Magnesium p-Tolyl Bromide on Ethyl o-Toluate (3).— 
0-001 G.-mol. of magnesium iodide was added to the ethereal solution 
containing the ester and magnesium metal. The addition of the 
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Grignard reagent produced a bright red solution, which was filtered 
from the excess of magnesium metal and decomposed with ice and 
dilute sulphuric acid. A white crystalline mass remained, m. p. 
162° after being washed with ether. The ethereal solution of the 
reaction products was evaporated and the residual. oil poured into 
alcohol. Further crops of the same substance were obtained (yield, 
ll g.). From the residue 0-8 g. of di-p-tolyl and 2 g. of di-p-tolyl- 
o-tolylchloromethane. were obtained as described above. The 
product of m. p. 162° was identified as di-p-tolyldi-o-tolylpinacol. 
Crystallised several times from chloroform and ether, it melted at 
174° (decomp.) (Found: C, 85-3; H, 7-3. Cs 9H 390, requires C, 
85:3; H, 7-2%). Hot alcoholic potash decomposed the pinacol, 
giving the characteristic blue coloration. Heated in air at 145°, the 
pinacol gave a clear melt in 25 minutes, undergoing no loss in weight. 
The melt did not crystallise on cooling, but when reduced with zinc 
dust and alcoholic potash yielded p-tolyl-o-tolylcarbinol, which 
crystallised from light petroleum (b. p. 40—60°) in colourless prisms, 
m. p. 61—61-5° (Found: C, 84-7; H, 7-5;. M, by Rast’s method, 
224. C,;H,,0 requires C, 84-9; H,:7-6%; M, 212). 

Preparation of Di-o-tolyl Ketone.—7:6 G. of ethyl o-toluate in 10 c.c. 
of ether were added to a filtered solution of the Grignard reagent from 
20 g. of o-bromotoluene, 2-4 g. of magnesium, and 60 c.c. of ether. 
The mixture was refluxed for 2 hours and then decomposed in the 
usual manner. From the ethereal layer, by steam distillation, after 
removal of the more volatile products, an oil was obtained which 
solidified (6-5 g.). After crystallising several times from light petrol- 
eum, it melted at 70-5° (yield, 66%). It was identified as di-o-tolyl 
ketone by analysis and by conversion into the oxime, m. p. 103— 
104-5° (Grignard, Bellet, and Courtot, Ann. Chim., 1919, 12, 381). 
0-47 G. of the ketone, reduced with zinc dust and alcoholic potash 
for 5 days at 25°, gave 0-36 g. of di-o-tolylcarbinol (m. p. 119-5°) 
identical with that previously described (J., 1927, 908). 

Action of Magnesium and Magnesium Iodide on Di-o-tolyl Ketone.— 
The conditions were as described under (2) on p. 1629 (0-038 g.-atom 
each of magnesium and iodine, 27 c.c. of ether, 13 c.c. of benzene). 
Soon after the addition of di-o-tolyl ketone (4 g., i.e., 0-019 g.-mol., in 
8c.c.of benzene) the liquid became deep purple. After 2days’ shaking, 
the liquid was filtered and decomposed, the ethereal solutiondried, and 
the solvents removed in a vacuum. From the residue, by treatment 
with light petroleum and finally by steam distillation, 0-95 g. of 
di-o-tolylearbinol was obtained, m. p. 118—119-5° after crystallising 
from alcohol; it was identified by means of a mixed melting point. 

A second experiment, in which 0-019 g.-mol. of the ketone was 
treated with 0-019 g.-atom each of magnesium and of iodine until all 
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the magnesium had dissolved (5 hours), yielded 1-0 g. of the carbino| 
and, by steam distillation, 0-1 g. of di-o-tolyl ketone (m. p. 66—68°), 
A residual brown oil was not identified. 

Rearrangement of Diphenyldi-o-tolylpinacol—A mixture of 1-33 ¢ 
of the pinacol, 6:5 g. of glacial acetic acid, and 0-01 g. of iodine was 
refluxed for 6 hours (compare Gomberg and Bachmann, loc. cit.) ; it 
was then poured into water and the acetic acid was neutralised, 
The product, extracted, washed, and dried in ether, crystallised from 
alcohol, containing a little ether, in colourless prisms (1 g.), m. p. 
after recrystallisation 93-5—94:5°, containing alcohol of crystal. 
lisation, which was expelled at 80° (Found: C,H,°OH, 11-2. 
C,,H,,0,C,H,"OH requires C,H,*OH, 10-9%). The removal of the 
alcohol did not alter the melting point (Found: OC, 89-05; H, 68, 
C.,H,,0 requires C, 89-3; H, 6-4%). The substance appears to bea 
diphenyldi-o-tolylpinacolin. 

In a second experiment, 4 g. of the pinacol, 20 c.c. of glacial acetic 
acid, and 0-04 g. of iodine were refluxed for 12 hours. The crystalline 
material obtained when the product was poured into water (yield, 
3-6 g.) melted at 129° after recrystallisation from alcohol and ether 
(Found: C, 89-15; H, 6-6; M, by Rast’s method, 356. C,,H,,0 
requires ©, 89-3; H, 6-4%; M, 376). It was proved to be o-toluoy/- 


diphenyl-o-tolylmethane by refluxing it with 10°% alcoholic potash for 
60 hours, whereby it was completely converted into o-toluic acid 
(m. p. 103°) and diphenyl-o-tolylmethane (m. p. 82—83°). After the 
pinacolin of m. p. 93-5—94-5° had been kept in a tube for a month it 
melted at 131°. A mixed melting-point determination established 
its identity with the pinacolin of m. p. 129°, 


In conclusion I wish to express my thanks to Professor D. RB. 
Boyd, D.Sc., for his kind advice, and to the Department of Scientific 
and Industrial Research for a research award that has made this 
work possible. 


University CoLLEGE, SouTHAMPTON. [Received, April 8th, 1929.] 





CCXIIIL.—The Reimer-Tiemann Reaction with m- 
Fluorophenol and the Nitration of 4-Fluoro-2- 
hydroxy- and 2-Fluoro-4-hydroxy-benzaldehydes. 


By Herspert Henry Hopcson and Josepn Nrxon. 


THE influence of fluorine in the meta-position on the Reimer- 
Tiemann reaction is similar to that of the other halogens (compare 
Hodgson and Jénkinson, this vol., p. 469). The ratio, 0-87, of o- to 
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p-hydroxy-aldehyde obtained shows that the deactivation (I) of the 
hydrogen atom in the para-position (0/p ratio for phenol, 0-6) is 
much greater than that produced by m-substituted chlorine (o/p 
ratio, 0-71). [Correction is necessary of (5) (loc. cit., p. 470), where 
the results are not in accordance with the usually accepted deactiv- 
ation order Cl>Br>I: for the present, no conclusions are drawn 
from the divergence.] That fluorine deactivates to a greater extent 
than chlorine is also shown by the fact that, for nitration, 4-fluoro- 
3-bromo- and 4-fluoro-5-bromo-2-hydroxybenzaldehydes require 
more drastic treatment than the chloro-analogues. 

The sodium derivatives of the 4-halogeno-2-hydroxybenzalde- 
hydes, like the sodium derivative of salicylaldehyde, are bright 
yellow and are sparingly soluble in water, in marked contrast to the 
readily soluble, colourless sodium derivatives of the 2-halogeno-4- 
hydroxybenzaldehydes, and the copper and chromium derivatives 
are more deeply coloured than the corresponding derivatives of the 
latter aldehydes. These facts are to be expected from the well- 
established co-ordination of salicylaldehyde itself. Co-ordination 
may also account for the unexpected volatility in steam of 4-fluoro- 
5-nitro-2-hydroxybenzaldehyde and for the liquid nature of 3-fluoro- 
2-bromophenol and of 4-fluoro-3-bromo-2-hydroxybenzaldehyde (II). 

The mononitration of 4-fluoro-2-hydroxy- and of 2-fluoro-4- 
hydroxy-benzaldehydes resembles that of the other halogeno-analogues 
(Hodgson and Jenkinson, J., 1928, 2272) in that only the 5-nitro- 
derivative is obtained in each case. In dinitration, which is readily 
accomplished, the first nitro-group apparently enters position 5, 
since nitration of 4-fluoro-3-bromo-2-hydroxybenzaldehyde gives the 
same product as bromination of the mononitrated 4-fluoro-2- 
hydroxybenzaldehyde. For comparison, the isomeric 4-fluoro-5- 
bromo-3-nitro-2-hydroxybenzaldehyde has been prepared, and the 
above product has thus been identified as 4-fluoro-3-bromo-5-nitro-2- 
hydroxybenzaldehyde. The sodium derivative of the former is 
bright red and that of the latter is yellow, indicating their respective 
o- and p-nitrophenolic structure. Similarly, nitration of 2-fluoro- 
3-bromo-4-hydroxybenzaldehyde gives the same product as bromin- 
ation of the mononitrated 2-fluoro-4-hydroxybenzaldehyde, which 
must therefore be 2-fluoro-3-bromo-5-nitro-4-hydroxybenzaldehyde. 

It is noteworthy that, whereas 4-fluoro-5-nitro-2-hydroxybenz- 
aldehyde is yellow, the isomeric 2-flworo-5-nitro-4-hydroxybenz- 
aldehyde, which has an o-nitrophenolic structure, is colourless but 
acquires a yellow colour on bromination to 2-fluoro-3-bromo-5- 
nitro-4-hydroxybenzaldehyde ; also that the p-nitrophenylhydrazones 
of 4-fluoro-2-methoxy- and 2-fluoro-4-methoxy-benzaldehydes give 
no colour with aqueous sodium hydroxide, showing repression of 
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ionisation of the imino-hydrogen by substitution of methoxy] for 
hydroxyl. 

The brown colours produced by the action of alkali on the phenyl. 
hydrazones of certain substituted m-nitrobenzaldehydes are in 
accordance with the observations of Chattaway and Clemo (J., 1923, 
123, 3043). 

Although 4-fluoro-2-methoxybenzoic acid (IV) readily loses its 
methyl group on treatment with concentrated hydriodic acid, the 
isomeric 2-flworo-4-methoxybenzoic acid (III) cannot be demethyl. 
ated. This difficulty was also encountered with the other 2-halogeno. 
4-methoxybenzoic acids and might be accounted for on the assump. 
tion that the activities of the lone pairs of electrons on the methoxy] 
oxygen are suppressed by the combined general effect (Allan, Oxford, 
Robinson, and Smith, J., 1926, 401) of the fluoro- and carboxyl 
groups (III), thereby preventing formation of the unstable 
oxonium salt with hydriodic acid prior to separation of methyl 
iodide. That greater activity is shown in the 4-halogeno-2-methoxy- 
benzoic acids may be due to a possible co-ordination between the 
methoxyl oxygen and the loosely bound carboxylic hydrogen which 
enables the rare lone pair to function (IV). 





ExPERIMENTAL. 


Unless otherwise stated, the methods of preparation of the 
compounds described below are identical with those for the other 
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halogeno-analogues (Hodgson and Jenkinson, J., 1927, 1740, 
3041; 1928, 2272). The colours produced by alcoholic alkalis with 
alcoholic solutions of the hydrazones and p-nitrophenylhydrazones 
are given immediately after the m. p.’s. 
Reimer-Tiemann Reaction.—Quantities : m-Fluorophenol (15 g.), 
sodium hydroxide (36 g.), chloroform (36 g.), water (120 c.c.). 
4-Fluoro-2-hydroxybenzaldehyde (yield, 3-5 g.) is very volatile in 
steam, very soluble in water and the usual organic solvents, and 
erystallises from alcohol or dilute acetic acid in colourless needles, 
m. p. 69° (Found: C, 59-7; H, 3-4. C,H,O,F requires C, 60-0; 
H, 36%). It has an odour of walnuts which is even more pro- 
nounced than that of its halogeno-analogues, gives a brown precipit- 
ate with ferric chloride, and does not reduce ammoniacal silver 
nitrate or Fehling’s solution. The bright yellow sodium derivative 
is sparingly soluble in water; the copper and chromium derivatives 
are light and dark green respectively. The oxime is very soluble in 
the usual organic solvents and crystallises from alcohol in colourless 
needles, m. p. 125° (Found: N, 9-2. C,;H,O,NF requires N, 9-0%). 
The p-nitrophenylhydrazone crystallises from glacial acetic acid in 
orange needles, m. p. 248°; cherry-red (Found: WN, 15-6. 
C,3H,,O,;N3F requires N, 15-3%). The semicarbazone crystallises 
from glacial acetic acid in yellow micro-needles, m. p. 236° (Found : 
N, 21-5. C,H,O,N,F requires N, 21-3%). 
2-Fluoro-4-hydroxybenzaldehyde (yield, 3-8 g.) crystallises from 
acetic acid in colourless needles, m. p. 171° (Found: C, 59-7; H, 
38%). Ferric chloride does not give a precipitate but imparts a 
deep port-wine colour, and ammoniacal silver nitrate and Fehling’s 
solution are unaffected. The copper and chromium derivatives are 
of a lighter green colour than those of the 4-fluoro-2-hydroxy- 
isomerides, and the sodium derivative is much more soluble in water, 
from which it crystallises in long colourless needles. The p-nitro- 
phenylhydrazone crystallises from glacial acetic acid in deep red 
needles, m. p. 261° (Found : N, 15-5%), and gives a bluer red colour 
with caustic alkalis than does the 4-fluoro-isomeride. The oxime 
separates from alcohol in colourless micro-plates, m. p. 151° 
(Found: N, 9:2%). The semicarbazone crystallises from alcohol 
or dilute acetic acid in pale yellow micro-plates, m. p. 238° (Found : 
N, 21-4%), and the benzoate in pale yellow needles, m. p. 63° 
(Found: C, 68-5; H, 3-9. C,,H,O,F requires C, 68-8; H, 3-7%). 
Nitration of 4-Fluoro-2-hydroxybenzaldehyde—(a) Mononitration. 
4-Fluoro-5-nitro-2-hydroxybenzaldehyde is slowly volatile in steam 
and crystallises from alcohol in yellow needles, m. p. 120° (Found : 
N, 7-8. C,H,O,NF requires N, 7:6%). The phenylhydrazone 
crystallises from glacial acetic acid in pale yellow needles, m. p. 
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173° (decomp.); brownish-yellow (Found: N, 15-5. ©,3H,,0,N,F 
requires N, 15:3%). The p-nitrophenylhydrazone crystallises from 
alcohol or glacial acetic acid in small, golden-yellow needles, m. p. 
340° (decomp.); bluish-red (Found: N, 17-7. C,3H,O;N,F 
requires N, 17-5%). 

(b) Dinitration. 4-Fluoro-3 : 5-dinitro-2-hydroxybenzaldehyde 
crystallises from benzene in long, pale yellow needles, m. p. 165° 
(Found: N, 12-3. C,H,0,N,F requires N, 12-2%). It neither 
reduces Fehling’s solution nor gives a precipitate with bromine 
water. The phenylhydrazone crystallises from dilute hydrochloric 
acid in deep orange micro-needles, m. p. 221° (Found: N, 17-6. 
C,;H,O;N,F requires N, 17-5%), and the p-nitrophenylhydrazone in 
brownish-yellow micro-needles, m. p. 254° (decomp.); bluish-red 
(Found: N, 19-4. C,,;H,O,N,F requires N, 19-2%). 

Nitration of 2-Fluoro-4-hydroxybenzaldehyde.—(a) Mononitration. 
2-Fluoro-5-nitro-4-hydroxybenzaldehyde is readily volatile in steam 
and crystallises from alcohol in long, colourless needles, m. p. 126° 
(Found : N, 7-6%), which give deep yellow solutions in caustic alkalis. 
The phenylhydrazone crystallises from acetic acid in bronze needles, 
m. p. 153°; red (Found: N, 15-5%), and the p-nitrophenylhydr- 
azone in salmon micro-needles, m. p. 270° (decomp.) (Found: N, 
17-6%), which give a red colour with aqueous and violet-red 
with alcoholic potassium hydroxide. The semicarbazone crystallises 
from aqueous alcohol in pale yellow needles, m. p. 258° (decomp.) 
(Found: N, 23-3. C,H,O,N,F requires N, 23-1%), and the oxime 
in pale yellow needles, m. p. 132° (Found: N, 14-2. C,H,;0,N,F 
requires N, 14-0%). 

(b) Dinitration. The non-volatile 2-fluoro-3 : 5-dinitro-4-hydroxy- 
benzaldehyde, when recrystallised from glacial acetic acid and then 
from benzene, formed pale yellow needles, m. p. 138° (Found : N, 
12-4%), which were sparingly soluble in cold but readily soluble in 
hot water. The phenylhydrazone crystallises from alcohol or glacial 
acetic acid in silky brown-orange needles, m. p. 212°; magenta in 
strong alkalis, turning bluer on dilution (Found: N, 17-7%), and 
the p-nitrophenylhydrazone in brownish-yellow micro-needles, m. p. 
260° (violent decomp.) ; cherry-red (Found : N, 19-7%). 

Preparation of 3-Fluoro-2-bromophenol.—m-Fluorophenol (20 g.) 
was added gradually to cooled oleum (120 g.; 27% SO,). The 
mixture was kept over-night and was then heated (2 hours) on the 
water-bath to complete the disulphonation, cooled, added cautiously 
to cold water (100 c.c.), and monobrominated by the gradual 
addition of bromine (24 g.) with vigorous shaking. On hydrolysis 
in a current of steam, 3-fluoro-2-bromophenol passed over. It was 
extracted from the distillate in ether and fractionally distilled; the 
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main bulk boiled at 123°/80 mm., but did not solidify at —20° 
(Found: Br, 41-6. C,H,OFBr requires Br, 41-8%).. It gave only 
a moderate yield of aldehydes in the Reimer—Tiemann reaction 
under Hodgson and Jenkinson’s conditions (loc. cit.). 

4-Fluoro-3-bromo-2-hydroxybenzaldehyde is a colourless liquid 
which does not solidify at —20° (Found: Br, 36-4. C,H,O,FBr 
requires Br, 36-5%). Phenylhydrazone, yellow-brown needles, m. p. 
138° (Found: Br, 25-8. C,,;H,,ON,FBr requires Br, 25-9%). 
p-Nitrophenylhydrazone, orange micro-needles, m. p. 215°; ruby-red 
(Found: Br, 22-6. C,,;H,O,N,FBr requires Br, 22-6%). 

2-Fluoro-3-bromo-4-hydroxybenzaldehyde is very slowly volatile in 
steam and crystallises in colourless needles, m. p. 106° (Found : Br, 
363%). Phenylhydrazone, light brown micro-needles, m. p. 85°; 
golden-yellow (Found : Br, 25-8%). p-Nitrophenylhydrazone, deep 
red micro-needles, m. p. 258° (decomp.); violet (Found: Br, 
22:5%). Oxime, colourless needles, m. p. 148° (Found: Br, 
34-0. C,H,O,NBrF requires Br, 34:2%). Semicarbazone, light 
yellow micro-needles, m. p. 210° (Found: Br, 28-9. C,H,O,N,BrF 
requires Br, 29-0%). 

Correction: In J., 1928, p. 2275, 3-chloro-2-bromo-4-hydroxy- 

benzaldehyde should read 2-chloro-3-bromo-4-hydroxybenzalde- 
hyde. 
Nitration of  4-Fluoro-3-bromo-2-hydroxybenzaldehyde.—The 
nitration of the aldehyde (1-5 g.), dissolved in glacial acetic acid, with 
nitric acid (1 g.; d 1-5) was best carried out at 100° for 30 minutes, 
the lower temperature employed for the chloro-analogue (loc. cit.) 
proving insufficient. 4-Fluoro-3-bromo-5-nitro-2-hydroxybenzalde- 
hyde crystallised from glacial acetic acid in pale yellow needles, m. p. 
151° (Found: N, 5-5; Br, 30-1. C,H,O,NFBr requires N, 5:3; 
Br, 303%). Phenylhydrazone, pale yellow micro-needles, m. p. 
193°; brown (Found: Br, 22-4. C,,;H,O,N,FBr requires Br, 
226%). p-Nitrophenylhydrazone, lemon-yellow  micro-needles, 
m. p. 270° (decomp.); ruby-red (Found : Br, 20-2. C,,H,O,;N,FBr 
requires Br, 20-05%). 

Bromination of 4-Fluoro-5-nitro-2-hydroxybenzaldehyde.—4-F luoro- 
3-bromo-5-nitro-2-hydroxybenzaldehyde was obtained in pale yellow 
needles, m. p. 151° (Found: N, 5-4; Br, 30-2%). The m. p. was 
unaltered when this product was mixed with the foregoing one, and 
the respective phenylhydrazones and p-nitrophenylhydrazones gave 
mixed m. p.’s which indicated identity. 

Preparation of 4-Fluoro-5-bromo-2-hydroxybenzaldehyde.—This 
was carried out by Hodgson and Jenkinson’s method (loc. cit., p. 
2276). The product, which was volatile in steam, crystallised from 
light petroleum in colourless needles, m. p. 81° (Found: Br, 36°3%). 
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Phenylhydrazone, orange-brown micro-needles, m. p. 166° (Found: 
Br, 25-9%). p-Nitrophenylhydrazone, brick-red needles, m. p. 242°. 
bluish-red (Found : Br, 22-4%). 

Nitration of 4-Fluoro-5-bromo-2-hydroxybenzaldehyde.—The process 
for the chloro-analogue (loc. cit., p. 2276) was adopted, except that 
the nitration was conducted at 100° for 30 minutes. 4-Fluoro.5. 
bromo-3-nitro-2-hydroxybenzaldehyde crystallised from dilute alcohol 
in pale yellow plates, m. p. 115° (Found: Br, 30-4%), giving a 
bright red sodium derivative. The phenylhydrazone crystallised 
from glacial acetic acid in orange-brown needles, m. p. 215°; golden. 
brown (Found: Br, 22-5%), and the p-nitrophenylhydrazone in 
brown needles, m. p. 258°; deep red-violet (Found : Br, 20-19%). 
The m. p.’s of mixtures with the isomerides above were depressed. 

Nitration of 2-Fluoro-3-bromo-4-hydroxybenzaldehyde.—This _pro- 
cess was carried out as for 4-fluoro-3-bromo-2-hydroxybenzaldehyde, 
but at 30—40° for 1 hour. 2-Fluoro-3-bromo-5-nitro-4-hydroxybenz. 
aldehyde crystallises from glacial acetic acid in long, pale yellow 
needles, m. p. 111° (Found: Br, 30-2%). Bromination as described 
above of the mononitration product of 2-fluoro-4-hydroxybenz- 
aldehyde gave an identical product; m. p. and mixed m. p. III’. 
The identical phenylhydrazones crystallised from glacial acetic acid 
in deep purple needles, m. p. 166°; brown-red, turning yellow on 
standing (Found: Br, 22-4, 22-3. Cale.: Br, 22-6%), the p-nitro- 
phenylhydrazones in orange-pink micro-needles, m. p. 256° 
(decomp.); purple-red (Found: Br, 20-1, 20-2. Calc.: Br, 20-0%), 
and the semicarbazones from alcohol in pale yellow needles, m. p. 
230° (Found: Br, 24-8, 25-0. Cale.: Br, 24-9%). 

4-Fluoro-2-methoxybenzaldehyde is prepared by intimately mixing 
4-fluoro-2-hydroxybenzaldehyde (8 g.) with potassium carbonate 
(10 g.) and then with xylene (40 c.c.) and, after the addition of 
methyl sulphate (10 c.c.), boiling the mixture under reflux for 2 
hours. The product is steam-distilled until a sample of the 
substance in the distillate solidifies. when treated with caustic 
alkali. The distillate is then collected separately, sodium hydroxide 
added, and the separated 4-fluoro-2-methoxybenzaldehyde recrystal- 
lised from light petroleum; it forms colourless needles, m. p. 53° 
(Found: C, 62-1; H, 4:3. C,H,O,F requires ©, 62-4; H, 4:5%). 
p-Nitrophenylhydrazone, bright red-orange needles, m. p. 213° 
(Found: N, 14-6. C,,H,,0,N,F requires N, 145%); it gives no 
colour with aqueous sodium hydroxide but a magenta with alcoholic 
potassium hydroxide which does not change on dilution. The oxime 
crystallises from aqueous alcohol in long colourless needles, m. p. 
128° (Found: N, 8-5. C,H,O,NF requires N, 8-3%). The semi- 
carbazone. separates from alcohol in clusters of light yellow needles, 
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m. p. 162° (Found: N, 20-1. C,H, ,O,.N;F requires N, 19-9%). 
4-Fluoro-2-methoxybenzoic acid, prepared by oxidising the aldehyde 
with aqueous alkaline permanganate, crystallises from water in 
colourless needles, m. p. 136° (Found: C, 56-2; H, 4:2. C,H,O,F 
requires C, 56-5; H, 4-1%). 

2-Fluoro-4-methoxybenzaldehyde, prepared in the same way as its 
isomeride (during steam distillation it solidifies without alkali 
treatment), crystallises from glacial acetic acid in small colourless 
needles, m. p. 47° (Found: C, 62-2; H, 4:2. C,H,O,F requires 
C, 62-4; H, 45%). The phenylhydrazone crystallises from glacial 
acetic acid in small, light brown plates, m. p. 101° (Found: N, 
11:7. Cy4H,,0N,F requires N, 11:5%); no colour is given with 
aqueous or alcoholic caustic alkalis. p-Nitrophenylhydrazone, silky 
orange needles, m. p. 217° (Found: N, 14-7%); no colour is given 
with aqueous sodium hydroxide but with alcoholic potassium 
hydroxide a deep ruby-red is obtained which does not change on 
dilution. Oaime, colourless needles, m. p. 95° (Found: N, 8-4%). 
Semicarbazone, colourless needles, m. p. 228° (Found: N, 20-0%). 
2-Fluoro-4-methoxybenzoic acid crystallises from water in colourless 
needles, m. p. 192° (Found: C, 56-3; H, 43%). 

Demethylation of 4-Fluoro-2-methoxybenzoic Acid.—This is readily 
brought about by boiling concentrated hydriodic acid (d 1-7); the 
4-fluoro-2-hydroxybenzoic acid obtained crystallises from water in 
colourless needles, m. p. 186° (Found: C, 53-6; H,3-0. C,H,;O,F 
requires C, 53-8; H, 3-2%). 


The authors desire to thank the British Dyestuffs Corporation for 
gifts of chemicals. 


TECHNICAL COLLEGE, HUDDERSFIELD. [Received, May 17th, 1929.] 





CCXIV.—The Influence of Substituents on the Reimer- 
Tiemann Reaction. Part II. 


By Hersert Henry Hopeson and THomas ALFRED 
JENKINSON. 


Tue standardised reaction described by the authors (this vol., p. 
469) has been conducted with other phenols and also with bromoform 
in place of chloroform. 

The unusual reactivity of the 2- compared with the 4-position found 
for 6-chlorophenol (o/p = 1-6) is shown also, but in diminishing 
degree, in 6-bromophenol (o/p = 1-25) and in 6-iodophenol (0/p = 
1-07). This affords additional evidence for the view already put 
forward (loc. cit., p. 470) that the attraction diminishes with the 
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diminishing positive fields of the halogens, Cl>Br>TI (Lapworth 
and Robinson; Mem. Manchester Phil. Soc., 1928, 72, 43). An 
alternative explanation is that the partial deactivation of the anionic 
oxygen by the positive halogen field reduces the activity of the 
hydrogen in the 2- and 4-positions to such an extent that the weak 
kationoid Reimer~Tiemann reagent attacks the more strongly 
activated 2-hydrogen rather than the weaker though more fre. 
quently activated 4-hydrogen [compare Lapworth and Robinson 
(loc. cit., p. 46) and also the nitration of o-halogenoanisoles 
(Ingold and Smith, J., 1927, 1690)]. Both effects are probably 
superposed. 

Substitution occurs in salicylic acid almost solely in the 4-position 
(o/p = 0-06), probably owing to steric hindrance (compare o-cresol, 
o/p = 0-48; loc. cit., p. 470). A consideration of the activated 
phase of the 4-hydrogen (II) shows that the alternating effect of the 
anionic phenoxide group (I) must be powerfully reinforced by the 
general (inductive) effect of the anionic carboxyl group (II), whereas 
in the activated phase of the 2-hydrogen (III) the latter effect is 
either absent or much reduced, as would be expected, after being 
transmitted along a chain of six carbon atoms. 


oP) 


00-6) 


Ry 
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That the anionic carboxyl group must reinforce the activity of 
the 4-hydrogen in the relayed inductive manner above described 
may be deduced from a consideration, following the analysis of 
Ingold and Vass (J., 1928, 417), of the combined direct (through 
space) effects of the two anionic groups on hydrogen in positions 
2, 3, 4, and 5. In salicylic acid, both groups contribute activating 
effects, the results found for deactivating atoms by Ingold and Vass 
(loc. cit.) thus being reversed, the positional order of resultant 
activation being (2)>(5)>(3)>(4). This direct effect will collaborate 
with the combined alternating (tautomeric) and inductive (general) 
effect, but since it favours the 2-position and the experimental 
result shows almost exclusive activity in the 4-position it must 
follow that the powerful inductive relayed effect from the anionic 
carboxyl group, which is really a suppressed alternating effect, greatly 
exceeds the adverse direct effect [compare Ingold and Vass (loc. cit.) 
who state that even in orientation by -OR the tautomeric (alternat- 
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ing) effect overwhelmingly predominates over the direct effect; and 
Allan, Oxford, Robinson, and Smith (J., 1926, 401), who examined 
the direct effects of the -OR groups in pyrocatechol ethers]. In all 
the experiments with salicylic acid the absence of resinous products, 
and therefore of complicating secondary reactions, is noteworthy, 
and in accordance with the unique reactivity deduced above. 

A similar result was found by Traub (D.R.-P. 80195) for the 
Reimer-Tiemann reaction with guaiacol: 4-hydroxy-3-methoxy- 
benzaldehyde (vanillin) was the main product and only small 
quantities of 2-hydroxy-3-methoxybenzaldehyde were formed. 

Resorcinol monomethyl ether reacted very vigorously and a 
considerable amount of resinous material was formed. The ob- 
servation of Tiemann and Parrisius (Ber., 1880, 13, 2366) was con- 
firmed, viz., that 4-hydroxy-2-methoxybenzaldehyde is produced 
in much greater yield than 2-hydroxy-4-methoxybenzaldehyde. 

The diminished vigour of the reaction in all cases where halogen 
is present testifies to its deactivating influence. 4-Chloro- and 
2:6-dichloro-phenol give comparatively very small yields of 
aldehydes even after prolonged reaction. 3 : 5-Dichloro-4-hydroxy- 
benzaldehyde is volatile in steam, a property doubtless due to co- 
ordination between the hydroxyl group and the adjacent chlorine 
atoms (compare Sidgwick and Callow, J., 1924, 125, 533). 


When diethyl-m-aminophenol was submitted to the Reimer— 
Tiemann reaction, dye-formation ensued so rapidly as to prevent 
quantitative examination of the aldehydes initially produced, 
although traces were detected by means of p-nitrophenylhydrazine. 

The Reimer-Tiemann Reaction with Bromoform.—The following 
results were obtained. Those obtained with chloroform are recorded 
for comparison. 


Ortho/para ratio. C-tho/para ratio. 
With With With With 
Initial phenol. CHBr,. CHCl. Initial phenol. CHBr;. CHCl). 
; ° Salicylic acid : 0-06 
° 0-46 
0-Chlorophenol ... 0+ . m-Chlorophenol . 0-71 
0-Bromophenol ... 0- . m-Bromophenol 0-77 0-72 
0-Iodophenol . . m-lodophenol 0-78 
These results may be explained by assuming that the less energetic 
kationoid reagent derived from bromoform has a greater specific 
volume than the reagent derived from chloroform (bromoform has a 
greater specific volume than chloroform). In phenol and o-cresol, 
hydrogen in the ortho-positions, although strongly activated, is 
still less favourably situated for reaction than hydrogen in the para- 
Positions owing to increased steric inhibition; therefore the ortho- 
para ratio diminishes. Steric conditions in the o-halogenophenols 





1642 TEWARI: DYES DERIVED FROM CINCHOMERONIC ACID. 


are more favourable than in phenol and o-cresol (compare Hodgson 
and Jenkinson, loc. cit., p. 470), so the ortho/para ratio increases: 
but they are less favourable for the bromoform than for the chloro. 
form reagent, and therefore the ratio is smaller in the former case. 
In the m-halogenophenols, powerful halogeno-deactivation of 
hydrogen in the 4-position causes the attack of the weaker kationoid 
reagent to be directed more frequently to the more strongly activated 
hydrogen in the ortho-positions than with the stronger chloroform 
reagent (compare Lapworth and Robinson, loc. cit., pp. 45, 46), 
The case of m-cresol is anomalous, unless steric conditions ar 
responsible for the increased ortho/para ratio. 

When iodoform was used in place of chloroform, the ortho/para 
ratio for phenol and its o-halogeno-derivatives ranged from 0-2 to 
0-3, showing the overwhelming effect of steric conditions upon the 
very feeble kationoid reagent. 


The authors desire to thank the British Dyestuffs Corporation for 
gifts of chemicals. 


TECHNICAL COLLEGE, HUDDERSFIELD.- [ Received, June 21st, 1929.] 





CCXV.—Dyes derived from Cinchomeronic Acid. 


By Jamuna Datr Tewari. 


THE dyes obtained by the condensation of quinoline-2 : 3 : 4-tr- 
carboxylic acid with aromatic amino- and hydroxy-compounds 
(Tewari and Dutt, J. Indian Chem. Soc., 1928, 5, 59) have deeper 
colours than the corresponding dyes derived from naphthalic acid 
(Terrisse, Annalen, 1885, 227, 133). It was therefore of interest to 
prepare dyes from pyridinedicarboxylic acids and compare them 
in regard to intensity of colour with the corresponding dyes derived 
from phthalic acid. 
Quinolinic acid has already been condensed with aromatic hydroxy- 
and amino-compounds by Ghosh (J., 1919, 115, 
1102). The condensation of cinchomeronic acid 
with phenol, resorcinol, phloroglucinol, m-di- 
ethylaminophenol, and m-phenylenediamine has 
now been carried out. The resulting dyes, 
which have the general formula (I), resemble 
the corresponding dyes from quinolinic acid 
(Ghosh, Joc. cit.) in general properties and there is 
very little difference in the intensity of colour of 
the two series, as the following table of absorption maxima shows 
(the figures indieate wave-lengths) : 
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Compound derived from _quinolinic acid, cinchomeronic acid, 
and phenol 5560 5520 
., resorcinol 4950 4950 
» Pphloroglucinol 4990 4980 
, m-diethylaminophenol 5540 5540 
, m-phenylenediamine 4990 4980 
These results indicate that the closer juxtaposition of the two 
chromophores in the dyes derived from quinolinic acid produces 


greater intensity of colour (compare Dutt, J., 1926, 1171). 


EXPERIMENTAL. 


Phenoleinchomeronein, Csi) >C(CgHyOH),—A mixture of 2 g. 


of cinchomeronic acid, 6 g. of phenol, and 10 g. of stannic chloride 
was heated at 100—110° for 14 hours, until the melt was dark and 
brittle. It was then finely powdered, the excess of phenol distilled 
in steam, and the residue washed with water, extracted with dilute 
aqueous ammonia, precipitated with dilute hydrochloric acid, and 
dissolved in aleohol ; on addition of water the dye separated in small, 
brick-red crystals, which did not melt at 275°. The dye gave a pale 
yellow solution in alcohol and a bright pink solution in alkalis 
(Found: C, 71-1; H, 4-8. ©,,H,,0,N requires C, 71-5; H, 4-1%). 

Resorcinolcinchomeronein (in the general formula, R = OH).— 
A mixture of 2 g. of cinchomeronic acid and 4 g. of resorcinol was 
heated with a few drops of concentrated sulphuric acid at 160—180° 
for about 4 hours. The melt, solid and brittle when cold, was 
extracted with aqueous sodium hydroxide, and the filtered solution 
acidified with dilute hydrochloric acid. The precipitate obtained, 
after repeated crystallisation from its solution in alcohol, the 
orange-red colour and green fluorescence of which are greatly 
intensified on addition of a little alkali, gave orange-red crystals, 
m. p. 200°. The dye is slightly soluble in water, the solution having 
an orange colour and a green fluorescence (Found: C, 68-2; H, 
36. Cy gH,,0,;N requires C, 68-5; H, 3-3%). 

Phloroglucinoleinchomeronein, prepared and purified in a similar 
manner, crystallised from alcohol in deep brown crystals, m. p. 
270° (Found: C, 62:2; H, 3-0. C,sH,,0,N requires C, 62:4; 
H, 30%). 

m-Diethylaminophenolcinchomeronein (R = NEt,).—This was 
similarly prepared from a mixture of 1 g. of the acid and 3 g. of 
m-diethylaminophenol (heating, 6 hours). An extract of the melt in 
hydrochloric acid was treated with a dilute solution of sodium carbon- 
ate. The dye obtained crystallised from alcohol in small pink 
crystals, m. p. 127°. The pink colour and the brown fluorescence 
of the solution in alcohol are considerably intensified on addition 
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of hydrochloric acid (Found: N, 9-1. C,,H,j0;N; requires \, 
9-4%). 

m-Phenylenediaminecinchomeronein.—A mixture of 1 g. of 
cinchomeronic acid and 3 g. of m-phenylenediamine hydrochloride 
was quickly heated in a test-tube until the melt became dark red, 
and brittle on cooling. An extract of the melt in absolute alcoho] 
was diluted with water, and the alcohol evaporated. The dye was 
dissolved in acetic acid and reprecipitated by dilute sodium carbonate 
solution, being obtained in fine brown crystals, m. p. 275°. The 
substance dissolves in alcohol, the solution having a yellow colow 
and a deep green fluorescence. Its solutions in acids are red and 
have a green fluorescence (Found: N, 16-7. C,,H,,0.N, requires 
N, 17-0%). 


In conclusion, I beg to thank Dr. 8S. B. Dutt for his kind 
guidance and interest in this work. 


UNIVERSITY OF ALLAHABAD, INDIA. [Received, June 4th, 1929.] 





CCXVI.—The Formation of |-Malic Acid from 


Fumaric Acid by Aspergillus niger. 
By FRepERIOK CHALLENGER and Louis KLEIN. 


THE observation of the present authors with Walker and Subra- 
maniam (Nature, 1928, 244) that the growth of A. niger on muconic 
acid gave rise to citric acid suggested that hydroxylation of the 
two double linkages might first occur. Consequently a study of 
the action of the mould on simpler unsaturated acids appeared 
desirable in order to determine its behaviour towards a conjugated 
ethylene linkage. 

The fermentation of potassium fumarate by A. niger gave rise 
to I-malic acid, which was characterised by several independent 
methods. Evidence has been afforded by Walker (unpublished 
observation) that this reaction is reversible. 

The conversion of fumaric acid into l-malic acid has been observed 
in other biochemical processes. Dakin (J. Biol. Chem., 1922, 52, 
183) found that fumaric acid in presence of muscle pulp yielded 
l-malic acid, and Clutterbuck (Biochem. J., 1927, 24, 512) obtained 
a similar result with succinic and fumaric acids. The change 
succinic acid——>fumaric and malic acids has been effected anaérobic- 
ally by muscle in presence of methylene-blue (Fischer, Ber., 1927, 
60, 2257), and Butkewitsch and Fedorov (Biochem. Z., 1929, 207, 
302) have shown that the growth of Mucor stolonifer on acetic acid 
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s gives succinic and fumaric acids. Dakin (J. Biol. Chem., 1924, 


61, 139) observed the formation of l-malic acid during alcoholic 
fermentation, the amount being increased in presence of sodium 
fumarate. 

Fumaric acid is easily converted into dl-malic acid by heating 
with dilute sodium hydroxide solution, or with water at 150° 
(Lloyd, Annalen, 1878, 192, 80; Weiss and Downs, J. Amer. 
Chem. Soc., 1922, 44, 1118). 

The production of /-malic acid in this research might be explained 
on the assumption that the dl-acid is first formed and the d-isomer- 
ide is then selectively assimilated by the mould. This'is, however, 
not the case, since Walker and Stent (private communication) have 
shown that when A. niger grows on dl-malic acid the liquid culture 
gradually becomes dextrorotatory. The mould therefore prefer- 
entially assimilates the /-acid. The formation of /-malic acid from 
fumaric acid must consequently occur by asymmetric addition of 
water to the double linking. The biological reactions already 
mentioned are in agreement with this conclusion. 

Takahashi and Sakaguchi (Bull. Agrie. Chem. Soc. Japan, 1927, 
3, No. 4—6, p. 59) have shown that /-malic acid is produced from 
fumaric acid by moulds of the Rhizopus species. These moulds 
produce fumaric acid from sugar, a reaction which has not yet 
been effected by A. niger. 


ExPERIMENTAL. 


The A. niger strain, and the medium containing the inorganic 
salts, designated “‘ medium M,” were the same as those employed 
by Challenger, Subramaniam, and Walker (J., 1927, 200). The 
mould was kept in a young virile condition by repeated sub-culturing 
in tubes of solid medium containing 5% glucose, 14% agar-agar, 
and the salts of medium M. The usual precautions were taken to 
ensure aseptic conditions in working, and the results checked by 
control experiments on the uninoculated media. The temperature 
of incubation was 31—32°. 

Fermentation of Potassium Fumarate-—Eaperiment 1. Prelimin- 
ary experiments having shown that the strain of A. niger did not 
grow well on a 1% solution of potassium fumarate in medium M, 
we trained the mould to grow on the fumarate by using at first 
solutions containing 4% of glucose and relatively small amounts 
(05%) of fumarate, and then transferring the spores to solutions 
poorer in glucose (1%) and richer in fumarate (0-75%) until finally 
good growth took place on sugar-free fumarate solutions. One 
litre of 1°, potassium fumarate in medium M was inoculated from 
young test-tube cultures of A. niger on the same medium. There 
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was a fairly good growth in 5 days. On the 13th day a positive 
Denigés’s test for malic acid (Compt. rend., 1900, 130, 34) was 
obtained, the test being modified as follows: 100 c.c. of the filtered 
culture were concentrated, treated with a slight excess of hydro. 
chloric acid, and filtered from fumaric acid. Sodium acetate was 
then added, followed by an equal volume of Denigés’s acetic acid 
solution of mercuric acetate. The clear solution was heated to 
boiling, and a 2% solution of potassium permanganate added drop 
by drop; the presence of malic acid was then indicated by the 
formation of a white precipitate (frequently slightly brown). 
Denigés assumed that the precipitate thus obtained from malic 
acid consisted of a basic mercury salt of oxaloacetic acid, and the 
authors find that, on distillation of the precipitate obtained from 
authentic malic acid with aqueous potassium iodide, acetaldehyde 
is evolved and can be characterised as the 2 : 4-dinitrophenyl- 
hydrazone. Neglecting mercury salts, the change is doubtless to 
be represented thus : 


CH,-CHO + 200,. 


[Compare also the action of potassium iodide on the similar mercury 


derivative obtained from citric acid (J., 1927, 200).] 

Experiment 2. 1500 C.c. of 1% potassium fumarate in medium M 
were inoculated from young test-tube cultures of A. niger which 
had been inoculated with a strain from Experiment 1. There was 
a very good growth in 4 days. On the 12th day a strong positive 
Denigés’s test for malic acid was obtained, so 150 c.c. of the filtered 
culture were treated with Denigés’s reagent and potassium per- 
manganate as described above, and the precipitate was decomposed 
by distillation with aqueous potassium iodide. The acetaldehyde 
evolved was identified by conversion into the 2 : 4-dinitrophenyl- 
hydrazone (compare Brady and Elsmie, Analyst, 1926, 51, 77) and 
this after two crystallisations from alcohol had m. p. and mixed 
m. p. 164°. Another portion of the culture (500 c.c.) was con- 
centrated and precipitated with lead acetate. The lead salt in 
aqueous suspension was decomposed with hydrogen sulphide, and 
the filtrate concentrated; a little fumaric acid then separated. 
The clear liquid on evaporation to a syrup and keeping in a vacuum 
desiccator gave 1:5 g. of l-malic acid (yield, about 40%). One half 
was converted into the p-nitrobenzyl ester, which, after recrystallis- 
ation from alcohol and then from alcohol—acetone, melted at 125° 
alone and in admixture with di-p-nitrobenzyl I-malate prepared 
from authentic-l-malic acid (Lyman and Reid, J. Amer. Chem. 
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Soc., 1917, 39, 708) (Found by microanalysis: C, 53-4; H, 3-7; 
N, 6:8. Cale.: C, 53-5; H, 40; N, 69%). The corresponding 
dl-malate, m. p. 109°, which has not been described, was prepared 
(Found: C, 53-1; H, 4:5; N, 7-0%). 

The rest of the I-malic acid, after recrystallisation from dry 
ether-petroleum, had m. p. 95—100° alone and in admixture with 
recrystallised Schuchardt’s I-malic acid (Found by titration : 
equiv., 67, 66. Cale.: equiv., 67). The J-malic acid obtained 
from a third portion of the culture (400 c.c.) was recrystallised and 
converted into the cinchonine salt (compare Dakin, J. Biol. 
Chem., 1924, 59, 7; 64, 139), which after recrystallisation from 
hot water had m. p. and mixed m. p. 197°. 

A control flask of 1% potassium fumarate in medium M was 
kept in the incubator for the same period and at the same time as 
the flask which had been inoculated, but after concentration and 
removal of the fumaric acid in the usual way, Denigés’s test failed 
to show the presence of malic acid. 

Experiment 3. 1500 C.c. of 1% potassium fumarate in medium M 
were used and the /-malic acid (1-7 g.) was isolated from 1400 c.c. 
of the culture as already described. After recrystallisation from 
dry ether—petroleum it had m. p. and mixed m. p. 95—100° (Found : 
equiv., 68, 68. Calce.: equiv., 67). It also gave a cinchonine 
salt, m. p. and mixed m. p. 197°. Another portion was examined 
polarimetrically after its rotation had been enhanced by addition 
of uranyl acetate (Dakin, J. Biol. Chem., 1924, 59, 11): 0-1843 g. 
was neutralised with sodium hydroxide, and one drop of glacial 
acetic acid added, followed by 0-9215 g. of powdered uranyl acetate. 
The mixture was then diluted to 50 c.c. After 1 hour the specific 
rotation was [a]#° = — 480°. Dakin (loc. cit.) gives [«]i’ = — 482° 
for |-malic acid similarly treated. 


The cost of this investigation has been in part defrayed by a 
grant from the Government Grant Committee of the Royal Society. 
The Department of Scientific and Industrial Research has made 
grants for the development of the research which have secured the 
participation of L. K. To both these bodies the authors wish to 
express their thanks. 


THE UNIVERSITY, MANCHESTER. [Received, June 22nd, 1929.] 
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CCXVII.—The Photochemical Oxidation of Ethyl 
Alcohol by Potassium Dichromate. Part II. 


By Epmunp Jonn Bowen and Epwiy Tomas YARNoxp. 


Bowen and Bunn (J., 1927, 2353) have shown that the quantum 
efficiency of the reaction between aliphatic alcohols and potassium 
dichromate to give aldehydes is independent of light intensity, of 
wave-length between 5000 and 3666 A., of temperature, and, within 
limits, of the hydrogen-ion and the potassium dichromate concen. 
tration. It was shown also that the quantum efficiency rose with 
the alcohol concentration to a maximum, and that the chromate ion 
was photochemically insensitive. 

The present work was undertaken to investigate more fully (1) the 
effect of neutral salts on the photochemical reaction; (2) the order 
of the reaction with respect to alcohol present in low concentrations; 
(3) the cause of the falling off of the rate at high alcohol concen. 
trations; (4) the dependence of the rate on the hydrogen-ion and 
potassium dichromate concentrations. 


EXPERIMENTAL. 

The light source was an air-cooled, quartz, mercury-vapour lamp 
ranning at a controlled voltage, and enclosed in a “ uralite ”’ box. 
The reaction vessels were placed in a glass-walled thermostat, which 
in addition to its heating regulation was cooled by the passage of 
cold water through a metal spiral, on account of the proximity of 
the lamp. The rate of reaction was followed according to the di- 
chromate estimation method of Vosburgh (J. Amer. Chem. Soc., 
1922, 44, 2120). In experiments where the alcohol concentration 
was high, the liquid was diluted with distilled water before titration. 

In all the experiments described, except those at high alcohol 
concentration (Section 3), the amount of change was closely propor- 
tional to the time of exposure, and no precipitates were formed in 
the early stages of the reactions. A series of measurements was 
made of the amount of change at different times of exposure for 
every reaction mixture, and from the straight-line graph the reaction 
rate was obtained. The thermal rate was shown to be negligible 
in most of the measurements; at some of the higher alcohol con- 
centrations a correction never exceeding 5°/, was obtained for it by 
measurement. " 

The amount of light absorbed and the quantum efficiencies were 
obtained in the following way. A glass trough 3 cm. wide containing 
dilute copper sulphate solution was placed in front of the lamp; 
behind it was a screen with a suitable aperture, at which was placed 
a silica cell of 1 cm. internal width and about 25 c.c. capacity, with 
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plane transparent ends fused on. Behind the cell was fixed a 
Moll “ large-surface ” thermopile, connected to a suitable galvano- 
meter. Measurements were made of the light transmitted (a) with 
the cell removed, A, (6) with the cell filled with water, B; (c) with 
the cell filled with a reaction mixture, C. Thelightabsorbed was then 
calculated from the approximate expression (B —'C)~/A/B. 

The amount of light absorbed was found to be 48%, and inde- 
pendent of the concentration of alcohol, dichromate, and hydrogen 
ion, in all the mixtures used. The absorption spectra of glass and 
potassium dichromate, and the spectrum of the quartz lamp, limit 
the light absorbed to the wave-lengths 4360, 4060, and 3666 A. 
From the fact that the absorption is independent of dichromate-ion 
concentration, it seems that these lines are completely absorbed. 

The thermopile was then placed at the aperture in place of the cell, 
and the intensity of the light determined there. This quantity, 
multiplied by the absorption, the factor +/A/B to correct for cell 
losses, and the ratio of areas of the aperture and thermopile, gave 
the intensity of the light absorbed in the cell. The thermopile 
readings were converted to cals. per sec. by calibration against a 
Hefner lamp (Gerlach, Physikal. Z., 1913, 144; 577), and the number 
of gram-molecular quanta was calculated by dividing by 70,900 cals., 
taking the mean wave-length to be 4000 A. The quantum efficiency 
is then the number of g.-ions of dichromate reduced, as directly 
measured, divided by the number of gram-molecular quanta 
absorbed. As the absorption is the same for all solutions, a factor 
was obtained from several measurements of this type from which 
reaction rates measured in the thermostat could be converted to 
quantum efficiencies. : ' 

(1) Effect of Addition of Neutral Salts—No effect on the photo- 
chemical rate was produced by addition of sodium sulphate, but the 
amount of salt which could be dissolved in the solutions of higher 
alcohol concentration was not very great. Table I gives the results 
for additions of calcium chloride. 


TABLE I. 


Dichromate concentration, 0-025N. 


Relative rates. Relative rates. 
Conc. of CaCl, Conc. of CaCl, 
in solution, in solution, 
Alcohol Alcohol —~ 
(% by vol.). (% by vol.). 0. 0-255M. 0-51M. 
. 80 ° . 








81 
83 


90 
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The effect of large quantities of salt on the rate is small, showing 
that extensive secondary thermal reactions do not occur—a cop. 
clusion which agrees with the temperature coefficient of unity and 
the measurements of the quantum efficiency. The concentration 
of alcohol giving the maximum rate (the nature of which is shown 
in Section 3) is shifted by the presence of calcium chloride, and ap 
approximate calculation shows that this shift is reasonably accounted 
for by the removal of some of the solvent water by the salt. In 
absence of calcium chloride the maximum occurs at 85% of alcohol 
by volume, and with 0-51M-calcium chloride it is at 80%. From 
this we find that roughly 3 g.-mols. of water are removed by 0-51 
g.-mol. of salt, or each calcium chloride molecule removes 6 mols. of 
water. These considerations go to show that the changes of photo. 
chemical rate with alcohol concentration up to the position of the 
maximum is due to the variation in the proportion of hydrated to 
alcoholated dichromate ions, only the latter being photoactive. 

(2) Hxperiments at Low Alcohol Concentrations.—In this region 
the gas laws may be applied to equilibria involving alcohol molecules, 
and information obtained as to the nature of the photoactive ions 
present in the solution. The results obtained are given in Table II, 
the % of alcohol by vol. being given under a, the quantum efficiency 
being y, and the formula upon which the calculated value of y is 
based being shown for each set of results. 


TaB_eE II. 
Cr,0,” =0-025N ; Cr,0,’’ =0-025N ; Cr,0,’""=0-0125N ; 
H,SO,=0-LN. CH,-CO,H=0-1N. CH,-CO,H=0-1N. 
a. y, obs. y, cale. - yy, Obs. y, cale. a. y, obs. yy, cale. 
2-5 0-03 0-03 0-013 0-012 2 0-010 0-0105 
5 0-07 0-07 0-027 0-027 4 0-023 0-023 
8 0-12 0-13 0-044 0-044 8 0-049 0-053 
10 0-175 0-174 0-066 0-064 12 0-083 0-089 
12 0-225 0-225 0-087 0-087 16 0-133 = 0-133 
15 0-29 0-31 0-116 0-112 20 0-190 0-183 
0-122 0-14 25 0-250 0-255 
y=1-04 x 10°%a+ y=5-31 x 10%a+ y =4-95 x 10-°a+ 
7-04 x 10-4a?. 3-28 x 10-4a?. 2-11 x 10-4a’. 


In each case the observed quantum efficiencies can be closely 
represented by an equation of the type y = k,a + k,a®. Acollisional 
interpretation of this result is extremely unlikely because of the 
relative magnitudes of k, and k, compared with the probabilities of 
binary and ternary collisions, and also because with glycerol no /, 
term is necessary (Section 5). 

These results at low alcohol concentrations are taken to show that 
two photoactive ions are present in the solution, viz., a dichromate 
ion with one molecule of alcohol attached, and one with two molecules 
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sttached. In such solutions the concentrations of these two ions. 
yill be proportional to the alcohol concentration and to its square,. 
respectively. At high alcohol concentrations possibly ions having: 
nore co-ordinated alcohol molecules are formed, but the simple mass: 
law cannot be applied to the equilibria in this region. 

(3) Experiments. at High Alcohol Concentrations—Bowen and! 
Bunn (loc. cit.) found that at very high alcohol concentrations the: 
quantum efficiency passed through a maximum and appeared to: 
fall off beyond concentrations of about 85% by volume. This has: 
now been traced to the formation of a pale purplish-green amorphous: 
precipitate which reduces the efficiency by scattering the light. 
The formation of this precipitate is not prevented by the added acid, 
in contrast to the brown precipitate of chromium chromate always: 
obtained from non-acidified dichromate-alcohol mixtures. 
Measurements of the light absorbed during the photochemical 
reactions of mixtures of different alcohol concentrations (enough 
acid being always present to prevent the brown precipitate forming): 
showed that up to 85% of alcohol the light absorption remained 
constant during the reaction ; beyond this concentration it increased 
rapidly with time, owing to the formation of the pale precipitate. 

The ratio of chromium to sulphate radical in the precipitate was 
obtained by precipitating the chromium as hydroxide and weighing 
as oxide, and precipitating the sulphate as the barium salt. The 
ratio Cr*”"/SO,”” was found to be 0-59, while that calculated from the 
formula CrSO,-X is 0-54. The amorphous basic sulphates of 
chromium of the type CrSO,(OH),2H,O are soluble in water and 
insoluble in alcohol (see Abegg, “‘ Anorganische Chemie,” Vol. 4., 
p.151). The formation of the precipitate does not therefore indicate 
a change in the nature of the reaction, but is due to the insolubility 
of basic chromium sulphates in strong alcohol. 

(4) The Variation of the Quantum Efficiency with Hydrogen-ion 
and Dichromate-ion Concentration.—It has already been shown 
(Bowen and Bunn, Joc. cit.) that in alkaline solution no oxidation 
takes place, proving that the chromate ion is photochemically 
ineffective, and that in neutral or very faintly acid solutions brown 


| precipitates are deposited which cloud the solution. When the 


acidity reaches a certain value, no precipitates are formed, except in 
solutions above 85%, of alcohol (see Section 3), and the photochemical 
tate does not vary with time. Further additions of acid beyond this. 
point increase the quantum efficiency up to a limiting value, as 
shown in Table III. 

The quantum efficiency, calculated from the rate after allowing 
for the different light absorptions, also varies with the dichromate 
concentration, as shown in Table IV. 
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Taste III. 


Dichromate concentration, 0-025. 


a=10% (by vol.). a=30% (by vol.). a=60% (by vol.), 
added 10°, added 10°, added 102 
(N). 4 gale. (MN). y. . eale. am. ole 
0 0-0316 8-6 0 3:9 0 37 
0-005 0-109 2-53 0-001 260 | 0-001 2-05 
0-01 0-123 3:29 «= 0002 3-10. 0-002 ; 
0-02, 0-132 366 0-005 4:20  . 0-005 ; 
0-05 0-160 3-0 0-01 410° 0-01 

| 0-02 269 0:02 

0-05 3-10 


Cr,0,” H,SO, Cr,0,” H,SO, Kx10, 
(N).* y 


(N). ,  )  (N) yale. 
0-0125 0005 0-117 2: 0-0125 0-05 0-579 
0-03 0-005 0-129 . 2 30 0-03 005 0-59 
. 0-005 0-14 . , 0-05 0:05 0-602 
0-02 0-117 0-0125 0-001 0-374 

0-02 0-129 4 0-025 0-001 0-432 

0-02 0-135 4: 0-1 0-001 0-48 

0-02 0-146 2 00125 0-01 0-627 

0-025 0-01 0-725 

0-05 0-01 0-772 


tS G9 BO RD tS bo hm bo Go 
SD CS & arto cr 


or 
or 


These variations can all be explained on one assumption, viz, 
that the ion HCr,0,’ is photochemically effective. A potassium 
dichromate solution contains the ions HCr,0,', Cr,0,”", and HCr0,'. 
The equilibrium constant K = [H*][Cr,0,’"]/[HCr,0,’] does not 
seem to be recorded in the literature. The constant of the equili- 
brium [HCr0,'}*/[Cr,0,”] has been found by Sherrill (J. Amer. 
Chem. Soc., 1907, 29, 1841) to be 0-016 approximately. Viterbi 
and Krausz (Gazzetta, 1927, 57, 690) have shown that in the visible 
region the ions HCr,0,’ and Cr,0,” have the same absorption, and 
that the ion HCrO,’ absorbs to a much smaller extent. We make 
the assumption then that the ion HCr,0,’ only is effective, and that 
the Cr,0,” ion acts as an “ inner filter.” In the equilibria 


HCr,0,' == H’ + Cr,0,(-+ H,O) = 2HCr0,’ 


if x/v, (1 —.« —.b)/v, and 2b/» are the concentrations of the HCr,0,’; 
Cr,0,’’, and HCrO,’ ions, respectively, then on the above assumption 
we have y oa/(l1—b6). Also, applying the mass law, [H"](1 — 7 - 
b)/z = K and 4b?/(1 — x — bv = 0-016 (Sherrill, loc. cit.). From 
these relations, if y is the quantum efficiency at a given acid con- 
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centration S, and y, is the limiting efficiency at high acid concentra- 
tions, then 
b b2 
(s + ao) (Gabis — 0-0040b — 5) orth 
and gpg ete + Uy — ¥o)* — Ay + oho /0-0040}# 
Yo /0-002v 

Eliminating 6, K can be calculated from values of y, S, and v. 
The values of K are given in Tables IIT and IV as “ K calc.” It 
will be seen that, considering the large change in K produced by 
sight errors in measurement, especially in Table IV, and the fact 
that the value of the constant [HCrO,’]?/[Cr,0,"] is not known 
with accuracy, and has been assumed not to,vary in the different 
alcohol-water mixtures, the values of K obtained are sufficiently 
constant to justify the origmal assumption. Incidentally the magni- 
tudes of the hitherto unknown constant K are obtained in the 
different alcohol—water mixtures. 











nt (5) Experiments with Glycerol.—The assumption that the 
5 HCr,0,’ ion only is photoactive is quantitatively supported by 
2 experiments on the oxidation of glycerol by potassium dichromate. 
; Table V shows that the variation of the quantum efficiency of the 
45 reaction at various glycerol concentrations with the hydrogen-ion 


concentration gives a value of K in agreement with that deduced 
from the experiments with ethyl alcohol. The thermal reaction 
under the conditions chosen was negligible. 


8 
77 
0 


or 
or 


TaB.e V. 
Dichromate concentration, 0-025N. 
(,H,0;, H,S8O, Kx 10, C,H,0;,' H,SO, Kx 10%, 
%by vol. (N). y- cale. %byvol. (N). y: calc, 
0 0-029 1-02 40 0-002 0-148 1-44 
0-01 0-043 . 0-01 0-204 1-40 
0-02 0-120 " 0 0-189 2°25 
0-04 0-144 v 0:0004 0-263 1-30 
0 0-07 } 0-002 0-320 1-94 
00004 0-126 i 0-008 0-366 4-00 
In these measurements, again, it must be remembered that small 
changes in the measured quantum efficiencies produce large changes 
in the value of K. 

The variation of the quantum efficiency with glycerol concen- 
tration follows quite a different curve from that for ethyl alcohol, 
a8 shown : 

C,H,0, (% by vol.) 16 30 40 50 60 70 80 90 
0 0-21 O41 048 0-52 0653 O51 0-53 0-52 

At low glycerol concentrations, the quantum efficiency is pro- 
portional to the concentration, indicating that only one glycerol 
nolecule co-ordinates with a HCr,O,'ion. At higher concentrations 
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the quantum efficiency quickly reaches a limiting value of about 
0-52, while that for ethyl alcohol approximates to unity. The 
probable meaning of this is discussed later. 

In these preliminary measurements on glycerol it was not possible 
to determine the exact nature of the oxidation product. Table VI 
gives the results of measurements on solutions containing an exces 
of potassium dichromate. The reactions were very slow on account 
of the low glycerol concentration. 


TABLE VI. 


Volumes of C;H,0, (0-25.M-sol.). K,Cr,0, (0-5N). H,SO, (N). 
Solution A 15 e.c. 25 c.c. 10 c.c. 
Solution B 30 e.c. 50 c.c. I10 c.e. 


Period of exposure (hrs.) 0 15 25 33 55 75 92 100 
Relative amounts fSol.A 0 1:15 35 48 92 10-7 120 129 
of reactionin \Sol.B0O 56 93 11-25 1583 166 183 192 
An amount of reaction of 7-75 for Solution A and 15-5 for Solution 
B would correspond to oxidation to the monoaldehyde stage. The 
curves show: that the oxidation approaches the dialdehyde stage. 
These measurements will be continued. 


Summary. 

As the result of these measurements on the change of quantum 
efficiency of this reaction with the variables alcohol, hydrogen-ion, 
and potassium dichromate concentrations, presence of neutral salts, 
and temperature, it is possible to arrive at the following conclusions. 
Of the ions HCr,0,’, Cr,0,’’, and HCrQ,’ in the solution only the 
first is photoactive, and then only when it has one or more alcohol 
molecules attached to it. In strong alcohol solutions the quantum 
efficiency is approximately unity; in weaker solutions it is dimin- 
ished owing to the presence of non-alcoholated HCr,O,' ions and 
of Cr,0,” ions, which by absorbing light act as “inner filters.” 
The variation of the quantum efficiency with low alcohol con- 
centration shows that HCr,0,’ ions combined with one or two alcohol 
molecules are photoactive; at higher alcohol concentrations pre- 
sumably photoactive co-ordinated compounds of greater complexity 
are formed. 

The fact that these compounds are photoactive and that stoicheio- 
metrically three alcohol molecules are oxidised for each dichromate 
ion reduced, necessitates the assumption that intermediate chromium 
compounds are formed, which react thermally with alcohol molecules 
to complete the reduction. It is not, of course, possible to do more 
than to guess at their nature, but the following equation illustrates 
one possibility : 

(HCr,0,,C,H,OH)’ + hv —> CH,*CHO + Cr(OH), + 4$Cr,05"; 
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followed by the. interaction of the chromium hydroxide with 
hydrogen ions and the non-photochemical oxidation of further alcohol 
molecules by the perchromate ion. 

An approximate value for the second dissociation constant of 
dichromie acid has been obtained in solutions containing varying 
amounts of alcohol. 

The reaction between glycerol'and potassium dichromate has been 
investigated in a preliminary way,-and the results show that the 
HCr,0,' ion with one combined glycerol molecule forms the photo- 
active substance. The values of the second dissociation constant 
of dichromic acid deduced from these measurements agree with that 
found from those with ethyl alcohol. 

The fact that the limiting quantum efficiency for ethyl alcohol is 
about unity while that for glycerol is about.0-5 may throw some light 
on the mechanism of the reaction discussed above for alcohol. In 
the possibility suggested, it is only necessary to assume that the 
(r,0,’”" ion is reduced thermally by ethyl alcohol to the chromic 
stage, while with glycerol it is thermally only reduced to the di- 
chromate stage, to explain quantitatively the difference in the 
limiting quantum efficiencies. This point.can only be elucidated 
by further work on these lines, which is already in progress. 

PuysicAL CHEMISTRY LABORATORY, 


BaLLion AND TrovITY CoLLEGEs, 
OXFORD. [ Received, June 22nd, 1929,] 





CCXVIII.—Amylases of the Cereal Grains—Oats. 
By Jutzan LEvett Baker and Henry Francis EVERARD HULTON. 


IN a previous paper by one of us (J., 1902, 84, 1177) an account was 
given of the properties of the amylase of barley. This enzyme, 
which has only a slight liquefying action on starch paste, yields 60% 
of crystalline maltose and 40% of «-amylodextrin when allowed to 
act on soluble starch. We found (J., 1921, 119, 805) that the 
amylase of ungerminated rye liquefied starch paste readily, the 
products of the reaction being similar to those from barley amylase. 
When, however, this grain (rye) is germinated (malted) the enzymes 
produced yield from starch crystalline maltose and a non-hygro- 
scopic unfermentable reducing dextrin (R 10-8; [a] + 181-9°). 
Malted rye differs from malted barley in that there is no production 
of the intermediate maltodextrins degradable by malt amylase. 

A botanical imterest attaches to the degradation products of 
starch by different cereal amylases, and a technical interest to the 
oe of the amylases of these germinated cereals on starch in 

L 
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the fermentation industries. Since the amylases of rye differ 
somewhat from those of barley, we considered we should extend the 
work to other commonly occurring cereals. 

Some years ago, Klempin (Biochem. Z., 1908, 10, 202) found that 
ground oats (Avena sativa) possessed amylolytic activity, but he did 
not attempt to isolate the products. 

Vine (J. Inst. Brewing, 1911, 17, 335) records that oats have 
marked liquefying power towards starch paste. Other authors 
have referred to the use of oats and malted oats in the brewing and 
distilling industries, but nothing definite appears to be known of the 
nature of the products formed when starch is degraded by the 
amylase of the ungerminated and germinated grain. As there is 
so little information available, it may be of interest to give a brief 
account of our work on the subject, and to record in what respects 
the oat amylases differ from those found in the botanically closely 
related barley and rye. 


EXPERIMENTAL. 


Ungerminated Oats.—For the purpose of this work two separate 
lots of oats were used, one grown in England, the other of Chilian 
origin. The diastatic power as measured by the Lintner method 


was 2° in both cases. This is a low figure as compared with those 
for other cereals ; for instance, an average diastatic power for barley 
is 15—20° and for rye 26°. As the rapidity and extent of conversion 
is a function of the proportion of enzyme to substrate, we had to 
have this in mind in determining the quantity of enzyme to be 
used. 

A filtered aqueous infusion of oats liquefied starch paste (potato) 
somewhat slowly, and for this reason Lintner’s soluble starch was 
used, as we were satisfied by experimental evidence that it gave the 
same products as starch paste. It was found convenient to separate 
the amylase from a filtered 20% alcoholic infusion by precipit- 
ation with alcohol and to allow it to act on a 3% solution of soluble 
starch at 50°. At different times portions were withdrawn for 
analysis and pipetted into a volume of boiling water sufficient to 
stop further diastatic action. 

The extent to which hydrolysis of the starch is carried depends, 
as is shown in the following table, on the time and the ratio of 
amylase to substrate. The precipitated (by alcohol) amylase from 
a weight of oats equal to the weight of starch used effects in 24 hours 
a production of 45-5% of maltose, but if the amount of precipitated 
amylase is increased to two and a half and to five times, practically 
the whole of the starch is converted into maltose. 
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Effect of Time and the Amount of Enzyme on Extent of Conversion of 
Starch. 


4 Hours. 24 Hours. 
Ratio of enzyme to AERA ES 
solids in substrate. R 5-93: [a]ps-93- — [a]ps-9s- 
biel — = 162-2° 
25:1 67-3 149-7° . 138-2 
6°34 73-0 146-9 - , 135-0 


To show the course of the reaction in more detail the results of a 
typical conversion are set out in the following table. 


Action of Ungerminated Oat Amylase on Soluble Starch at 50°. 
(Ratio of enzyme to substrate, 5 : 1.) 


Time. R 4+93- 
Reducing power 
Mins. as maltose. [a]ps-93- Iodine reaction. 
10-6 183-6° —_ 
16-5 177°8 _— 
24-0 174-3 Violet 
39-9 163-0 — 
51-2 157-5 Violet-purple 
62-6 152-7 —_ 
73-0 146-9 Red 
84-8 141-3 _ 
96-6 135-0 Nil 


is 
a 


Sere! | | | 


ho 
- 


The conversion products were evaporated and poured into alcohol 
and a very small amount of precipitate, mostly nitrogenous matter, 
was filtered off. The sugar portion when concentrated set to a solid 
crystalline magma, which had the constants of maltose and yielded 
maltosazone but no insoluble osazone. 

Under the conditions of the experiment it is evident that maltose 
is the only product formed, the action differing in this respect 
markedly from that of barley and rye amylases on starch (loc. cit.). 
Moreover there is no resting stage in the neighbourhood of R 60—65 
as in the case of barley and rye. 

It was necessary to examine the dextrinous substances present in 
the conversion before its completion and to compare them with 
those formed by the action of barley and rye amylases on starch. 

The precipitated amylase from ungerminated oats (200 g.) was 
used for the conversion of 100 g. of soluble starch in 4% solution 
at 50°. When the reaction had continued for 4 hours, the iodine 
reaction waspurpleand the constants were R 3.93 58 and [«],, 3-93 155°8°. 
After evaporation the products of the conversion were fractionated 
with alcohol. A dextrin separated which had the constants 
R 3.93 2-6 and [«],, 5-93 186-9°. The portion soluble in alcohol, when 
isolated, was found to be pure maltose and free from any trace of 
dextrose. 
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The dextrin was submitted to the action of precipitated amylase 
from (a) barley, (6) malted barley for 4 hours at 55°, the ratio of 
amylase to substrate being 1 : 1, with the following results :— 

Barley amylase. Malt amylase. 
25-6 58-4 
170-4° 151-6° 

The results of the action of the amylase of barley and of malt on 
this dextrin closely resemble those obtained when «-amylodextrin 
is the substrate (Joc. cit.), and we consider on this evidence that we 
are justified in stating that the substance present is that dextrin. 

Action of Ungerminated Oat Amylase on Oat Starch Granules — 
A suspension of oat starch was digested for 6 days with a filtered 
aqueous extract of oats at 43° in presence of toluene. About 18%, 
by weight of the granules was dissolved, the soluble matter having a 
reducing power closely approximating that of glucose; the presence 
of this sugar was confirmed by the osazone test (compare J., 1914, 
405, 1529). 

Action of the Amylase of Malted Oats on Starch.—A bulk of oats 
of the same origin as used in the preceding experiments was kindly 
malted for us on the technical scale by Messrs. Brookes & Co. of 
Mistley, Essex. The malt possessed a diastatic power of 6° (Lintner). 
The amylase from it was prepared in the manner previously described 
(loc. cit.). It liquefied starch paste readily. Unlike those of the 
amylase of ungerminated oats, the reaction constants were fairly 
similar, whether the material was used at the rate of 1, 2, or 4-5 parts 
of precipitated enzyme per unit of starch. With the high amylase 
ratio the 1-hour figure shows, as might be expected, an agnelecation, 
though the final constants were not far apart. 

Ratio of 1 Hour. 4 Hours. 24 Hours. 
enzyme to ——— Z nn, “Tr 
substrate. Ry5.o3. [a]p5-93- R 5-93: [alp sees. Fearon: [a}p 3-93 

. TE 40-8 169-4° 66-2 152-6° 73-2 151-2° 

3 31 40-6 165-8 65-0 151-1 73-1 150-3 

45:1 49-2 159-6 68-5 * 146-4 75-6 146-2 

A time conversion was made with the amylase of germinated oats 
on lines similar to those for the ungerminated (vide supra) at a 
temperature of 50°, enzyme to substrate in the ratio 2 : 1 being used. 


Time. 


Mins. R 5:93- [alb s+93- Todine reaction. 
10 13-4 182-2° Purple-brown 
20 23-6 177-2 9» 

30 29-5 171-4 Red-brown 
40-6 165-8 Faint brown 
53-8 158-6 Nil 
65-0 151-1 _- 
70-0 149-0 = 
73-1 150-3 — 
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At the end of the conversion there was no evidence of the presence 
of glucose (osazone test). 31% of the solids were fermentable by 
§. cerevisiae, the constants of the unfermentable residue being 
R93 57°5 and [a], 3.9, 153-6°. From these results it is evident that 
a considerable amount of unfermentable matter is produced in the 
conversion, differing entirely in this respect from the conversion 
products obtained by the action of ungerminated oat amylase. 

A conversion was made on a scale to obtain sufficient products for 
fractionation, Starch (100 g.) was made into a paste with 3 litres 
of water, and when the temperature had fallen to 50° the precipitated 
amylase from 100 g. of malted oats was added. The pg of the con- 
version was 7-5. At the end of 4 hours the iodine reaction was 
light brown. 

Conversion products (70 g.). 
RB 5-93 543; [%], 3-93 162-6°. 


Precipitated with alcohol (92%). 
Insoluble 33%. B3.939°3. [%]5 3-93 185-9°. 
Soluble 66%. Rg-93 76-5. [a], 3-93 152-5°. 

insoluble portion. This was degraded with precipitated malted 
barley amylase and precipitated malted oat amylase for 4 hours. at 
55°, the constants then being R 5.95 44, [«], 9-93 161-8° and R395 35, 
[2], 9-93 165-6° respectively. In neither case was glucose present. 
The composition of these products has not been determined, but 
they appear to resemble those obtained from the degradation of the 
dextrin precipitated by alcohol from a malted barley amylase con- 
version. 

Soluble portion. This was purified by a further precipitation with 
alcohol, a trace of insoluble dextrin being removed. The constants 
were now R 4.95 80-9, [«], y-g3 149-2°. . This was fermented with a pure 
culture of S. cerevisie for 16 days with the result that 50% dis- 
appeared, having the constants of maltose; the remaining 50% 
had Rg.93 57 and [a], 9-95 158-4°. This substance, the greater part 
of which was soluble in alcohol and formed only a little osazone, 
soluble in water, is being further investigated. 

Action of the Amylase from Ungerminated and Germinated Oats on 
Oat Starch Paste——In the work hitherto described, the substrate 
employed was potato either in the form of Lintner’s soluble starch 
or as paste. It was considered desirable to ascertain if oat starch 
paste behaved similarly, and some was prepared by squeezing wet 
ground oats through bolting silk into water and washing with very 
dilute alkali solution, with water and finally with alcohol. The 
air-dry starch contained 0-2% of mineral matter and 0-35% of 
nitrogen. 
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A 3% paste of this starch was prepared and the oat enzymes were 
allowed to convert it for 24 hours at 50°. The constants then 
were :— 

j La]p s-ss- R 5.55. 
Ungerminated oat amylase : 
Ratio of enzyme to substrate 2-5: 1 88 


Germinated oat amylase : 
Ratio of enzyme to substrate 1: 1 79 


It will be seen from these results that the action of the amylase 
of ungerminated oats and germinated oats is the same whether oat 
or potato starch paste is used as a substrate. 


Conclusions. 


(1) The amylase precipitated by alcohol from ungerminated oats, 
when allowed to act in sufficient amount on soluble potato starch 
at 50°, yields only crystalline maltose, differing in this respect 
from the amylases of other ungerminated cereals which have 
hitherto been examined. If the conversion be stopped before com- 
pletion, a substance practically identical with «-amylodextrin, 
previously described by one of us, and crystalline maltose are formed. 
The amylase liquefies starch paste slowly and less easily than the 
amylase of ungerminated rye. 

(2) Ungerminated oat amylase has a solvent action on oat starch 
granules, producing glucose. 

(3) The amylase from germinated oats yields (1) a dextrin, 
R 3-93 9-3 and [«],, 3-93 185-9°, (2) a maltodextrin-like substance soluble 
in aleohol, the composition of which has yet to be determined, and 
(3) a sugar having the constants of maltose. 

The particular interest of this work lies in the fact that we have 
shown that starch when hydrolysed with ungerminated oat amylase 
produces only maltose. We see no way of reconciling this with the 
theory put forward by Maquenne and Roux and elaborated by Ling 
and Nanji, that the starch molecule is composed of amylose and 
amylopectin.* Our results support the older and more simple 
hypothesis that starch consists of condensed maltose residues. 


Tue LasoraTory, Stac BREWERY, 
Prmuico, 8.W. 1. [Received, June 20th, 1929.) 


* Ling and Davis (J. Inst. Brewing, 1902, 8, 481) showed that when un- 
restricted malt diastase, i.e., diastase obtained from malt dried at 32°, was 
allowed to act on potato starch paste for 95 hours at 55° the conversion had 
the constants R 5-9, 96-7 and [a]p 5-93 138-5°, and after one purification with 
alcohol yielded crystalline maitose. 
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CCX1IX.—Manipulation in Intensive Drying. 
By HERBERT BRERETON BAKER. 


SEVERAL papers have been published during the past year recording 
failures to obtain results which might be expected in this line of 
investigation. It is possible that it may be useful to publish in 
some detail certain points in manipulation, the neglect of which 
will inevitably lead to failure. 

Glass. I have found Jena glass superior to all others and use 
it whenever possible. When, for instance, ammonium chloride is 
volatilised in a dry, soft-glass tube in a vacuum, the tube after 
heating is found to be full of ammonia gas, the hydrogen chloride 
having been absorbed by the heated glass. An interesting observ- 
ation (Kistiakowsky, J. Amer. Chem. Soc., 1929, 51, 1395) is that 
Pyrex glass is reduced by hydrogen at its softening point, pro- 
ducing water. Post-war glass is without doubt inferior. Owing 
to insufficient heating of the melt or insufficient stirring, or both, 
modern glass contains a large number of bubbles, which, when 
drawn out into tubing, lead to the formation of capillaries inside 
or outside the tubes. These fill with water, and if the tube is 
worked at both ends in the blowpipe a long bulb containing water 
from the cleansing will be left in the finished apparatus, and since 
their walls are very thin, the water may accidentally be liberated 
in the dried apparatus. 

In selecting tubing, therefore, the end is dipped into chromic 
acid, the tube washed with water and examined. Sometimes, red 
streaks, a millimetre broad, are visible; in others, a magnifying 
lens is necessary to enable one to see them. A tube showing any 
streaks should be rejected : no treatment by heating will be safe. 
What has been said of glass applies to silica in a more marked 
degree. 

Cleening. The cleaning of the tubing is most important. If a 
piece of glass tubing is brought into the blowpipe flame without 
previous cleaning, a white deposit is formed on each side of the 
heated portion, which no subsequent treatment, except with hydro- 
fluoric acid, will remove. Fused silica behaves in the same way. 
A tube should be cleaned by first washing with water, plugs of 
clean cotton wool being pushed backwards and forwards over the 
wet surface until the last one shows no stain. It is then filled 
with concentrated nitric acid to which has been added enough 
chromium trioxide to produce a dark red colour. After an hour’s 
standing, the tube is washed by a stream of distilled water and 
dried. A tube cleaned in this way gives no indication of white 





1662 BAKER: MANIPULATION IN INTENSIVE DRYING. 


deposit when heated in the blowpipe flame. If it is necessary to 
block the end of a tube while working, white woolly asbestos is the 
best material to use. Plasticine, which is used in some laboratories, 
is quite inadmissible. The finished apparatus is filled with chromic 
acid mixture, which is; if possible, boiled in it. If the form of the 
apparatus makes this impossible, the mixture should be allowed 
to stand in the apparatus for 24 hours. It is washed in:a stream 
of distilled water and then steamed from ammonia-free water. If 
the preliminary rubbing with cotton wool has been omitted and is 
tried at this stage, a grey deposit will be rubbed off which has 
resisted the action of the oxidising mixture. If the cleaning with 
chromic acid cannot be performed in the finished apparatus, ¢.., 
a Pliicker tube with aluminium electrodes, a tube containing solid 
potassium hydroxide between asbestos plugs should be inserted in 
the tube used for blowing air into the heated apparatus while it is 
being made. For the drying of such an apparatus another method 
of procedure is adopted. The apparatus is connected with a three- 
way tap, heated, and then exhausted. Air dried by phosphoric 
oxide is then admitted, and the heating, exhaustion, and re-admission 
of dried air are repeated a dozen times. 

Drying. In the drying of an apparatus, I consider a waving 
Bunsen burner to be better than an electric furnace. It is easy, 
by cautious use of a flame, to heat every part of an apparatus, 
even glass taps, really hot. A current of air, dried first by sulphuric 
acid and then by phosphoric oxide, is drawn or blown through the 
apparatus during both the heating and the subsequent cooling. 
It is doubtless less trouble to heat the apparatus in a furnace while 
it is being exhausted, for several hours, but obviously the drying 
of the glass must be less effective. It must never be forgotten how 
absorbent glass is for water vapour. All the drying described must 
be regarded as preliminary only. An exposure to moist air for a 
very brief period, such as is necessary during the introduction of a 
substance into a dried apparatus, is sufficient to nullify, as far as 
these experiments are concerned, the preliminary drying of the 
apparatus. It is necessary to have a bulb containing phosphoric 
oxide sealed to the apparatus. It is useless to expect results when, 
as in some experiments recently published, a liquid is dried by 
phosphoric oxide, while the glass above is left undried—.: chain is 
no stronger than its weakest link. Glass resembles charcoal in 
that the water adsorption is not confined to the surface, but pene- 
trates the mass of the glass. An experiment was shown at a recent 
meeting of this Society which illustrated this point. A glass bottle 
was heated to about 150° while a current of air dried by sulphuric 
acid was drawn through it. When it was cool it was filled with 
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dean sodium amalgam. After 2 days, bubbles of hydrogen began 
to appear between the glass and the amalgam, and after 3 days 
the whole of the glass was covered with bubbles. Since these did 
not appear in the first 12 hours, their formation could not be ascribed 
to surface water. It is this deep-seated water which, I think, 
causes the difficulty of working glass in the blowpipe flame after a 
long spell of damp weather: the glass often flies when the tube 
is brought even into the luminous flame. Failure to recognise the 
slowness of the escape of this deep-seated water is responsible for 
the want of success of many attempts to repeat experiments on 
intensive drying. When two gases, previously dried, are to be 
mixed, I deprecate the use of a glass wall to be shattered by a 
glass rod. I have only once seen the want of union of ammonia 
and hydrogen chloride, and never that of nitric oxide and oxygen, 
when the broken glass wall was used. This may be due to the 
liberation of deep-seated water from the broken glass, or it may 
be due to another cause. When glass is broken in a closed space 
the gas surrounding it is ionised, and some of my earlier experi- 
ments indicate a close connexion between ionisation and chemical 
action. 

Inubricants. The use of taps is limited by the difficulty of finding 
a lubricant which will exert no chemical influence. The lubricant 
devised by Sir William Ramsay, of burnt rubber and vaselin, has a 
distinct smell, which means that a foreign body will be introduced 
into the pure gases. For nitric oxide and oxygen, I used a lubricant 
of metaphosphoric acid in the middle of the barrel of the tap, 
while a band of purified vaselin was smeared at the top and bottom 
of the barre! to prevent the deliquescence of the metaphosphoric 
acid caused by external moisture. For ammonia and hydrogen 
chloride, no lubricant whatever could be used. For these experi- 
ments, I used taps which I had myself polished by hand with 
rouge and water until the opposing surfaces were quite bright. I 
lost only two by sticking. In all cases where taps are used it is 
necessary to introduce phosphoric oxide into the hole in the barrel.* 

Materials. Purity of the materials far beyond the standard 
required for atomic-weight purposes is absolutely essential for the 

* The lubricant I usually use for ordinary experiments may be mentioned, 
as it is superior to any which I have tried so far. White vaselin is stirred well 
with dilute sodium hydroxide, and washed with constant stirring until all 
trace of alkalinity is lost. It is then heated for several hours until it shows 
& tendency to darken. About 5% of solid paraffin is then added and the hot 
mixture well stirred. In an apparatus which I am now using, there are four 
unprotected glass taps lubricated with this mixture. The apparatus was 
exhausted to X-ray vacuum at the end of the Christmas term, and the X-ray 
fluorescence was just as bright at the end of the four weeks’ vacation. 


3L2 
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experiments in question. In some experiments recently published 
in America on the vapour pressure of dried ammonium chloride, 
the authors admit that the salt turned yellow on heating. It is 
quite certain that when obvious impurities are shown to be present 
no success can be anticipated. For five years I experimented on 
the union of hydrogen and oxygen, trying to get methods of purific. 
ation which would render these gases inert when dried. Even 
when Mr. Wilson and I discovered the method of electrolysis of 
barium hydroxide solution, it was necessary to recrystallise the 
barium hydroxide 15 times, with all imaginable precautions, before 
the gases were obtained in a state of sufficient purity. A short 
time after the discovery of this method, Prof. Bone, who had, of 
course, served a long apprenticeship in this delicate branch of 
investigation, was able to repeat the experiments perfectly. 
Purification by recrystallisation is always a difficult matter owing 
to the intrusion of dust. Even in country air, dust is always present 
and the most stringent precautions are necessary to guard against 
it. It is probable that the drying of an apparatus by heating in a 
current of air instead of in a vacuum owes its efficiency to the 
burning up of invisible particles of dust. It took several years for 
the importance of using pure phosphoric oxide to be recognised, 
and it is hoped that these other details, equally important, may 


serve to make work in this field more general and more fruitful. 
[Received, May 30th, 1929.] 





CCXX.—WNotes on Intensive Drying of Gaseous Media. 
By Wiu1am A. Bone. 


I DESIRE to submit the following supplementary notes regarding 
my Own experiences on the intensive drying of gaseous media in 
endorsement of what my colleague, Professor H. B. Baker, has said 
in his paper (preceding communication). 

When I was initiated into the art of drying gases by Professor 
H. B. Dixon nearly forty years ago, he chiefly insisted upon the 
necessity of (i) always using phosphoric anhydride which had been 
redistilled in a current of oxygen over red-hot platinised asbestos, 
and (ii) avoiding altogether the use of organic lubricants for stop- 
cocks by substituting metaphosphoric acid therefor. And ever 
since, I have always observed these two precautions, although we 
now use a better and more convenient method of redistilling the 
phosphoric anhydride in oxygen devised by Finch (J., 1922, 121, 
692; 1926, 117). 

In 1905, before commencing experiments (with Mr. G. W. 
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Andrews) on the influence of intensive drying upon the slow com- 
bination of equimolecular mixtures of ethylene and oxygen, and 
of acetylene and oxygen, which showed that such drying had no 
appreciable influence, I had no difficulty whatever in repeating and 
confirming Professor Baker’s well-known results with rigidly 
dried electrolytic gas, carefully observing all the precautions which 
he had found necessary. Our experimental tubes (length 70 cm., 
internal diameter 15 mm., and capacity 150 c.c.) were of Jena 
borosilicate (No. 59’’’) or Jena ‘“‘ hard combustion glass” both of 
which were found to be admirably adapted for the purpose. They 
were cleaned and dried out beforehand according to Baker’s pro- 
cedure, and the electrolytic gas was prepared by electrolysing a 
solution of recrystallised barium hydroxide in accordance with his 
directions. A detailed description of the experiments was published 
by the Society in 1906 (J., 89, 652), to which the reader is referred. 

In the experiments upon the combustion of rigidly dried carbon 
monoxide and oxygen mixtures, which have been carried out in my 
laboratories at the Imperial College during recent years, in addition 
to following out faithfully in every detail Baker’s directions in 
regard to the cleaning and preliminary drying of the explosion 
vessels, we have added a few special precautions of our own in 
regard to the preliminary glowing-out electrically of the electrodes, 
the sealing up of the vessels, and other particulars. Our explosion 
vessels have been made of Jena ‘ red-line resistance glass,’ and the 
elaborate ritual involved in the preliminary cleaning and drying of 
them has been fully described in our papers, to which the reader is 
referred (Proc. Roy. Soc., 1926, A, 110, 624—628; 1929, A, 123, 
285—291). 

Our drying periods with the purified and redistilled phosphoric 
anhydride have in some cases been as long as 1000 days, although 
the results have shown that, in vessels of the size employed by us, 
the possible limits of such drying are reached in about 250 days. 
Once a fortnight during this drying period the explosion vessels were 
externally heated (except in the part containing the phosphoric 
anhydride, which was kept cool) to between 150° and 200° in order 
to disperse any moisture absorbed by or adhering to the interior 
glass surfaces; and throughout the drying period we were parti- 
cularly careful to observe that the phosphoric anhydride retained its 
pristine, dry, powdery condition without any sign of caking. Also, 
by tapping the tube where it is located, we frequently exposed a new 
surface of it to the gaseous medium. Moreover, in sealing up the 
explosion vessels a blow-pipe flame of carbon monoxide and air 
(both calcium chloride-dried) was always employed so as to avoid all 
tisk of the glass absorbing steam during the sealing process. 
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By such procedure we have been able so to dry 2CO +- O, mixtures 
that condenser discharges of 0-5 microfarad at 1000 volts could be 
repeatedly passed through them without the slightest appreciable 
combustion occurring, although a similar discharge of twice that 
capacity caused the medium to ignite; and after the resulting flame 
had passed through it, the combustion was between 80 and 90°, 
complete. 

To be successful in such ‘‘ intensive drying ”’ experiments requires 
the most scrupulous care at every point in regard to every detail of 
the apparatus and procedure, and failure may result from disregard 
of any one of them. There is no mystery at all about the matter, for 
provided that proper care is exercised there should be no difficulty 
in obtaining correct results. 


ImprertaAL COLLEGE or ScIENCE AND TECHNOLOGY, 
Lonvon, 8.W. 7. [Received, June 1st, 1929.] 





CCXXI.—Synthetical Experiments on the Avporphine 
Alkaloids. Part VII. Attempted Syntheses of 
apoMorphine Dimethyl Ether. 


By Joun Masson GuLLAND, Ropert Downs Haworts, Cyr. 
JOSEPH VIRDEN, and (in part) Ropert KENNETH CaLLow. 


In Parts I—V of this series (J., 1928, 581, 1132, 1834, 2083; this 
vol., p. 658), the syntheses of the methyl ethers of certain phenolic 
aporphine alkaloids were achieved by the interaction of phosphorus 
pentachloride and suitably substituted amides in cold chloroform 
solution. Thus, 2’-nitro-3’ : 4’-dimethoxyphenylaceto--3 : 4-di- 
methoxyphenylethylamide (I) yielded corytuberine dimethyl ether 
(p. 1834). Efforts have now been made to apply this method to 
the synthesis of apomorphine dimethyl ether (II), but we have 
been unable to obtain this substance by the action of phosphorus 
pentachloride on 2-nitro-3 : 4-dimethoxyphenylaceto-8-phenylethyl- 
amide (IIT). 
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This lack of success and a similar failure to synthesise 3 : 4 : 5- 
trimethoxyaporphine (Part VI, this vol., p. 1444) led to the con- 
clusion that the facile closure of the isoquinoline ring requires the 
presence of a strongly para-directive group in the para-position 
to that in which ring closure is to take place. It was hoped that 
this activation might be attained and the difficulty overcome by 
the use of an acyl derivative of 2’-nitro-3’ : 4’-dimethoxypheny]l- 
aceto-8-3-aminophenylethylamide (IV). Considerable difficulties 
were encountered in the preparation of 8-3-aminophenylethylamine, 
but this base was ultimately obtained by the following series of 
reactions. The condensation of 3-nitrobenzyl chloride with sodio- 
malonic ester yielded a mixture of ethyl 3-nitrobenzylmalonate and 
ehyl di-(3-nitrobenzyl)malonate, from which 3-nitrobenzylmalonic 
acid was readily isolated by taking advantage of the relative ease 
with which its ester is hydrolysed by alkali as compared with 
di-(3-nitrobenzyl)malonic ester. -3-Nitrophenylpropionic acid, 
which was obtained by heating the corresponding malonic acid, 
was converted into $-3-nitrophenylpropionamide by the action of 
ammonia on the acid chloride. This amide, when submitted to 
the Hofmann reaction, yielded 8-3-nitrophenylethylamine, which 
was reduced to B-3-aminophenylethylamine dihydrochloride by means 
of stannous chloride in a mixture of acetic and hydrochloric acids. 
2'-Nitro-3' : 4’-dimethoxyphenylaceto-B-3-(2"’-nitro-3” : 4'’-dimethoxy - 
phenylacetamido)phenylethylamide (V) was readily obtained as a 
neutral oil by the action of 6-3-aminophenylethylamine on 2-nitro- 
3: 4-dimethoxyphenylacetyl chloride, but no basic material could 
be isolated when this diamide was treated with phosphorus penta- 
chloride in chloroform solution. This behaviour is similar to that 
of 2’-nitro-3’ : 4’-dimethoxyphenylaceto - 8 -3-(2’ -nitro-3” : 4’’-di- 
methoxyphenylacetamido)-4-methoxyphenylethylamide (Part VI), 
and it is evident that activation by the 2-nitrohomoveratroyl- 
amido-group is insufficient for facile ring closure to a derivative of 
isoquinoline. 
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The Me of non-basic products by the pare of water 
from the amide (IIL) (compare Kay and Pictet, J., 1913, 103, 950) 
and from similar amides in which nuclear activation is insufficient 
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(Part VI; Gadamer, Oberlin, and Schoeler, Arch. Pharm., 1925, 
263, 81) is probably to be explained by the activation of the methy). 
ene group of the acyl residue by the nitro-group in the 0-position, 
Experiments were therefore instituted to achieve the isoquinoline 
synthesis by using an. amide in which the methylene group was 
replaced by a carbonyl group, which could be reduced at a later 
stage. The preparation of 2-nitro-3 : 4-dimethoxyphenylglyoxylic 
acid for this purpose by the interaction of 2-nitro-3 : 4-dimethoxy. 
benzoyl chloride and potassium cyanide proved unsatisfactory, 
and attention was therefore directed for trial experiments to the 
use of 2-benzamidophenylglyoxylic acid, which may be obtained 
from isatin by benzoylation in alkaline solution (Schotten, Ber., 
1891, 24, 773). When some preliminary difficulties in the prepar. 
ation of the acid chloride of this acid had been surmounted, 2-benz. 
amidophenylglyoxylo-8-phenylethylamide (V1) was submitted to the 
action of dehydrating agents. Unfortunately, no isoquinoline 
derivative could be isolated, and investigations along these lines 
were abandoned. 

The ease with which a carbonyl -and an amino-group lose the 
elements of water to form a five- or six-membered ring has for 
long seemed to us to offer a possible means of building the nitro- 
genous ring of the aporphines on to a pre-formed phenanthrene 
system. If this were possible, the difficulties presented by the 
synthesis of the ethers of apomorphine and isothebaine might be 
overcome. The experiments carried out with this object in view 
have not so far been successful, but they reveal several points of 
interest. The fundamental idea has been the preparation of a 
substituted deoxybenzoin (VII) or an allied substance, which would 
not only undergo the Pschorr reaction, forming a phenanthrene 
derivative, but would also lose with ease the elements of water, 
yielding a dihydrotsoquinoline (VIII). 
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A consideration of the problem in its various aspects made it 
clear that the reacting molecules in the proposed synthesis must 
be (IX) and (X) respectively, and that processes such as the Friedel- 
Crafts reaction could not be employed. In furtherarice of this idea, 
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it seemed that 2-nitro-3 : 4-dimethoxyphenylacetonitrile was the 
most suitable compound containing activated hydrogen attached 
to the a-carbon atom, and a number of preliminary experiments 
were performed under various conditions in order to test the possi- 
bility of preparing a derivative of deoxybenzoin by the action of 
ethyl benzoate or benzoyl chloride on the sodio-derivative of this 
nitrile. No crystalline product could be isolated; this result may 
possibly be due to self-condensation of the nitrile, as has been 
observed in the case of phenylacetonitrile (compare Thorpe and 
collaborators, J., 1906, 89, 1913; 1907, 91, 1287). 

2-Nitro-3 : 4-dimethoxyphenylacetonitrile readily reacted with 
benzaldehyde in sodium ethoxide solution, yielding «-cyano-2- 
nitro-3 : 4-dimethoaystilbene (X1).* This substance was extremely 
stable to hydrolysis, and attempts to convert it into a derivative 
of deoxybenzoin were unsuccessful. Conditions were then devised 
for the preparation of «-cyano-2-nitro-3 : 4-dimethoxy-2’-aldehydo- 
stilbene (XII) by the condensation of phthalaldehyde with 2-nitro- 
3: 4-dimethoxyphenylacetonitrile, but the aldehyde (XII) yielded 
no crystalline acid when heated with malonic acid and piperidine 
in pyridine solution in an attempt to introduce the requisite side 
chain into the molecule. A warm solution of the aldehyde (XII) 
and phenylhydrazine in glacial acetic acid deposited the crystalline 
phenylhydrazone. 
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Several unsuccessful attempts were made to reduce the nitro- 
group in (XII) directly to the amino-group. Finally, after some 
preliminary experiments in which piperonylidene-m-aminobenzoic 
acid and piperonylidene-p-aminobenzoic acid were prepared, the 
aldehyde (XII) was converted into «-cyano-2-nitro-3 : 4-dimethoxy- 


* After the experiments described in this paper had been completed, 
Pfeiffer, Engelhardt, and Alfuss (Annalen, 1928, 467, 158) showed that the 
condensation of phenylacetonitrile with certain aldehydes probably leads to 
the cis-nitrile, re er and not to the trans-form. These results may 
also apply to 2-nitro-3 : 4-dimethoxyphenylacetonitrile, in which case the 
substances described here would be useless for the synthesis of aporphines. 
Since no investigations along these lines have been made, we prefer to retain 
the trans-configuration in the formule to avoid obscuring the ideas underlying 
this work. 
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2’-m-carboxyphenyliminomethylstilbene (XIII) by condensation with 
m-aminobenzoic acid in order to render the material soluble in 
ammonia solution, and this Schiff’s base was reduced by means of 
ferrous sulphate and ammonia to a basic acid, C,;H,,0,N, or 
C,;H,,0,N;, which appeared from its properties to be 2-(2’-m. 
carboxyanilinomethylphenyl)-3-cyano-6 : 7-dimethoxyindole (XIV) or 
the corresponding dihydroindole derivative. The analytical figures 
for this substance and its derivatives are in equal agreement with 
those required by either formula, and we have been unable to 
arrive at a definite conclusion on this point. The substance did 
not exhibit the colour reactions characteristic of indoles, and it 
might therefore be argued that the structure of a dihydroindole 
was the more probable, but it would be unwise to predict the 
behaviour of a complex 2 : 3-disubstituted indole of this nature. 
Whichever structure be correct, it is clear that the substance is 
unsuitable for the synthesis of apomorphine dimethyl ether. It 
was readily soluble in cold sodium carbonate solution and in hydro. 
chloric acid, but the latter solution immediately deposited the 
sparingly soluble hydrochloride. This salt was unaffected by boiling 
concentrated hydrochloric acid, thus affording a clear proof that 
the double bond of the Schiff’s base had been reduced. The solu- 
tion in concentrated sulphuric acid was emerald, and a character- 
istic colour change to blue occurred when a trace of sodium nitrite 
was added. The colour was completely discharged on dilution, 
and extraction of the diluted solution with ether yielded a nitroso- 
compound in the form of a colourless oil which gave Liebermann’s 
nitroso-reaction. Diazotisation did not take place. Decomposition 
of the hydrochloride with sodium acetate regenerated the basic 
acid (XIV) in the forms of a tri- and a hexa-hydrate, which were 
partly dehydrated when heated, and were converted into the 
anhydrous compound by crystallisation from glacial acetic acid. 
Further details are described in the experimental section. 
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EXPERIMENTAL. 


3-Nitrobenzylmalonic Acid and Ethyl Di-(3-nitrobenzyl)malonate.— 
m-Nitrobenzyl chloride (17 g.; 1 mol.) in alcohol (150 c.c.) was 
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added to a solution of sodiomalonic ester, prepared from ethyl 
malonate (32 g.; 2 mols.), sodium (4-6 g.; 2 mols.) and alcohol 
(100 ¢.c.). The mixture was boiled under reflux for 2 hours, most 
of the alcohol removed by distillation, and the residue acidified 
with dilute hydrochloric acid, and extracted with chloroform. 
The extract was dried, and freed from solvent, and the resulting 
semi-solid mass, consisting of 3-nitrobenzylmalonic ester and di- 
(3-nitrobenzyl)malonic ester, was shaken with warm 30% potassium 
hydroxide solution (50 c.c.) until the violent reaction had ceased. 
After dilution with water, the solid ethyl di-(3-nitrobenzyl)malonate 
was collected (A); it crystallised from alcohol in colourless prisms 
(10 g.), m. p. 112° (Found: C, 58-4; H, 5-1. C,,H,.0,N, requires 
C, 58-6; H, 5-1%). The filtrate from (A) was acidified with con- 
centrated hydrochloric acid and extracted repeatedly with ether. 
The solvent was removed from the dried extract; the residual 
3-nitrobenzylmalonic acid crystallised from hot water in colourless 
prisms (10 g.), m. p. 171° (decomp.) (Found: C, 49-9; H, 3-9. 
CipH,O,N requires C, 50-2; H, 3-8%). 

8-3-Nitrophenylpropionic acid was prepared by heating 3-nitro- 
benzylmalonic acid at 180° until the evolution of carbon dioxide 
had ceased. It crystallised from hot water in needles, m. p. 117— 
118° (compare Gabriel and Steudemann, Ber., 1882, 15, 846) 
(Found: equiv., 194. Calc., 195). 

8-3-Nitrophenylpropionamide. — 8 -3-Nitrophenylpropionic acid 
(10 g.) and thionyl chloride (10 c.c.) were heated under reflux for 2 
hours. The excess of thionyl chloride was removed by distillation, 
and the residue was stirred into cold concentrated ammonia solu- 
tion (d 0-880; 150 c.c.). The amide crystallised from benzene in 
colourless plates (8 g.), m. p. 99° (Found: N, 14-5. C,H,,0,N, 
requires N, 144%). 

8-3-Nitrophenylethylamine. — Powdered §-3-nitrophenylpropion- 
amide (3-3 g.) was shaken until dissolved in a solution of sodium 
hypochlorite prepared from sodium hydroxide (33 c.c. of 10%) 
and chlorine (from potassium permanganate, 1 g., and concentrated 
hydrochloric acid). The solution was heated at 60—70° for 1 hour, 
mixed with sodium hydroxide (10 g.), and extracted with benzene. 
The dried extract was saturated with hydrogen chloride, and the 
hydrochloride (2-5 g.) collected; it crystallised from alcohol in pale 
yellow prisms, m. p. 207—209° (Found : Cl, 17-7. CgH,)0,N,,HCl 
requires Cl, 17-5%). 

8-3-Aminophenylethylamine—A solution of stannous chloride 
(30 g.) in concentrated hydrochloric acid (60 c.c.) was added to a 
warm solution of $-3-nitrophenylethylamine hydrochloride (10 g.) 
in glacial acetic acid (15 c.c.). The white precipitate which separ- 
ated at first dissolved when the mixture was heated on the water- 
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bath for 2 hours. Water was then added, the solution evaporated 
to dryness, the residue dissolved in hot water, and the tin pre. 
cipitated as sulphide and removed by filtration. The filtrate was 
evaporated to dryness, and the residue crystallised from alcohol, 
from which §-3-aminophenylethylamine dihydrochloride (6-5 g)) 
separated in colourless needles, m. p. 310° (decomp.) (Found: 
Cl, 34:3. C,H,.N,,2HCl requires Cl, 34-0%). 

2’- Nitro-3' : 4'-dimethoxyphenylaceto-8-3-(2'’-nitro-3"' : 4'’-dimeth- 
oxyphenylacetamido)phenylethylamide (V).—A benzene solution of 
$-3-aminophenylethylamine, obtained by decomposing the hydro. 
chloride (2 g.) with sodium hydroxide, extracting the solution with 
benzene, and drying the extract, was added to a cooled solution 
of 2-nitro-3 : 4-dimethoxyphenylacetyl chloride (prepared from the 
acid, 5 g.) in benzene (40 c.c.). <A slight excess of 10% sodium 
hydroxide solution was then added, and the benzene layer was 
separated, washed first with sodium hydroxide solution and then 
with dilute hydrochloric acid, dried, and freed from solvent. The 
neutral gummy residue (5 g.) dissolved readily in all the usual 
organic solvents except light petroleum, and all attempts to crystal- 
lise it have been unsuccessful (Found: N, 9-2. C,,H5,0,)N, 
requires N, 9-6%). No basic material could be isolated after this 
diamide and phosphorus pentachloride had been allowed to react 
in chloroform solution for 12 days at room temperature. 

[With R. K. Cattow.] 2-Benzamidophenylglyoxylo-B-phenylethyl- 
amide (V1).—2-Benzamidophenylglyoxylic acid was prepared from 
sodium isatinate by benzoylation in presence of the least possible 
excess of alkali. The clear yellow solution obtained by dissolving 
isatin (15 g.) in warm sodium hydroxide solution (100 c.c. of 2.) 
was cooled, and shaken with an excess of benzoyl chloride. As 
the solution became acid, it deposited the product as a sticky 
solid, which was collected, and crystallised from dilute acetic 
acid; it then melted at 193—195°. When an ethereal solution 
of this acid was added to an ethereal solution of §$-phenylethy!- 
amine, 8-phenylethylamine 2-benzamidophenylglyoxylate separated ; 
it formed colourless needles, m. p. 177—179° (decomp.), when 
crystallised from water (Found: N, 7:4. C,,H,,0,N, requires 
N, 7-2%). 

Fruitless attempts were made to prepare the amide from the 
salt just described by treating an ethereal suspension with phos- 
phorus pentachloride or phosphoric oxide. Eventually, however 
it was obtained by dissolving dried, powdered 2-benzamidophenyl- 
glyoxylic acid (2-5 g.) in thionyl chloride (20 g.), removing the 
excess of thionyl chloride and the gaseous products by repeated 
evaporation of the mixture with dry benzene under reduced pressure, 
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and adding the resulting benzene solution to a cooled solution of 
g-phenylethylamine (3 g.) in benzene. The solution of the amide 
thus obtained was washed with sodium carbonate, hydrochloric 
acid, and water, dried, and freed from solvent. Two crystallisations 
from alcohol yielded the amide as pale yellow needles, m. p. 136-5— 
138° (Found: C, 74:6; H, 5-5. C,3H,0,N, requires C, 74-2; 
H, 54%). This substance was recovered unchanged after being 
submitted to the action of phosphorus pentachloride in chloroform 
for 1 month. 

a-Cyano-2-nitro-3 : 4-dimethoxystilbene (XI).—A WN-solution of 
sodium ethoxide in absolute alcohol (4—6 drops) was added gradu- 
ally to a solution of 2-nitro-3 : 4-dimethoxyphenylacetonitrile (1 g.) 
and benzaldehyde (0-5 g.) in a small quantity of absolute alcohol 
(heated to 40—50°) until a faint permanent red colour was pro- 
duced. Piperidine (2 drops) was used occasionally in place of 
sodium ethoxide without affecting the yield. The mixture was 
maintained at 55° for 1 hour and cooled; «-cyano-2-nitro-3 : 4-di- 
methoxystilbene (0-78 g.) then separated and was collected next 
day. It crystallised from alcohol in faintly yellow needles, m. p. 
125-5°, which dissolved readily in ether and acetone (Found : 
(, 65-6; H, 45. C,,H,,0,N, requires C, 65-8; H, 46%). This 
substance was recovered unchanged from an anhydrous ethereal 
solution which had been saturated with hydrogen bromide and 
preserved for some days. 

a-Cyano-2-nitro-3 : 4-dimethoxy-2'-aldehydostilbene — (XII). — N- 
Sodium ethoxide solution (0-5 c.c.) was added to 2-nitro-3 : 4- 
dimethoxyphenylacetonitrile (10 g.) and o-phthalaldehyde (5-6 g.) 
dissolved in a small quantity of absolute alcohol at 45°, the vigour 
of the reaction being checked by cooling in tap-water. The pro- 
duct separated as an oil which rapidly solidified. The yield was 
80°, of that theoretically possible, and was considerably decreased 
by the use of piperidine in place of sodium ethoxide. When 
recrystallised from alcohol, «-cyano-2-nitro-3 : 4-dimethoxy-2’-alde- 
hydostilbene formed long colourless needles, m. p. 153°, which were 
sparingly soluble in the usual solvents (Found: C, 63-8; H, 4-3. 
CisH,,0;N, requires C, 63-9; H, 41%). This substance was 
recovered unchanged from a suspension in conéentrated hydro- 
chloric acid which had been boiled for 24 hours. It was destroyed 
by reduction with zinc dust in hot dilute hydrochloric or acetic 
acid, but was not reduced by treatment with stannous chloride or 
tin in a cold mixture of glacial acetic and hydrochloric acids, nor 
by the action of ferrous hydroxide in aqueous-alcoholic ammonia. 

A dark green amorphous precipitate was obtained by pouring 
into hydrochloric acid a mixture of the aldehyde (XII) (0-5 g.), 
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malonic acid (0-75 g.), and piperidine (3 drops) which had been 
heated with pyridine at 100° for 2 hours. This precipitate was 
collected and extracted with sodium carbonate solution, and the 
extract was acidified with hydrochloric acid. The resulting pale 
- brown, amorphous solid dissolved readily in alcohol, acetone, acetic 
acid, and chloroform, was sparingly soluble in benzene, and in. 
soluble in water and ligroin, and yielded no crystalline material. 

The phenylhydrazone separated from a solution of the aldehyde 
(XII) and phenylhydrazine in warm glacial acetic acid, and crystal. 
lised from alcohol in golden-yellow leaflets, m. p. 179—180° (Found: 
N, 13-1. C,H, 90,N, requires N, 13-1%). 

Piperonylidene-m-aminobenzoic Acid.—This and the following 
experiment were performed in order to investigate the conditions 
for preparation, and the properties, of Schiff’s bases of this type. 

An intimate mixture of piperonal and m-aminobenzoic acid 
was heated at 160° for 30 minutes. The product crystallised 
from alcohol in cream-coloured needles, m. p. 244—245°, which 
were sparingly soluble in cold alcohol (Found: C, 66-8; H, 42. 
C,;H,,0,N requires C, 66-9; H,4:1%). It was rapidly hydrolysed 
by warm dilute mineral acids, and was not reduced by ferrous 
hydroxide in cold ammoniacal solution in an atmosphere of 
hydrogen. 

Piperonylidene-p-aminobenzoic acid, which did not crystallise 
well, was prepared in a similar manner to that just described. It 
formed brown nodules of needles, m. p. 243°, when crystallised 
from alcohol (Found: N, 5-3. C,;H,,0,N requires N, 5-3%). 

a-Cyano-2-nitro-3 : 4-dimethoxy - 2’ -m -carboxyphenyliminomethyl- 
stilbene (XIII).—An intimate mixture of equimolecular proportions 
of m-aminobenzoic acid and a-cyano-2-nitro-3 : 4-dimethoxy-?’ 
aldehydostilbene (XII) was heated slowly in an oil-bath. At 
135°, the mass shrank together and became darker in colour, and 
the temperature was maintained at this point for 30 minutes. 
The resulting Schiff’s base crystallised from alcohol in yellow 
needles, m. p. 237° (decomp.) (Found: N, 9-2. C,;H,,0,N; 
requires N, 9:2%). It was readily hydrolysed by warm dilute 
mineral acids, and dissolved in cold dilute ammonia solution, from 
which it was precipitated in an amorphous condition by acetic 
acid. An ammoniacal solution decomposed when heated at 100° 
for a short time, changing in colour from bright yellow to green, 
and finally to black. An uncrystallisable material was obtained 
by acidification of this solution. 

2 - (2’ - m - Carboxryanilinomethylphenyl) - 3 - cyano - 6 : 7 - dimeth- 
oxyindole (XIV) or the Dihydro-derivative—A solution of the sub- 
stance (XIII) (0-8 g.) in air-free, ice-cold, dilute aqueous ammonia 
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(20 c.c.) was added to a solution of ferrous sulphate (4-4 g.) in ice- 
cold, air-free water (20 c.c.), which was stirred mechanically in a 
flask fitted with a mercury-sealed stirrer and swept out by a stream 
of hydrogen. The initial green precipitate slowly darkened in 
colour, and ultimately became black. Stirring was continued for 
6 hours, and the mixture was kept in the atmosphere of hydrogen 
till next day. The precipitated ferroso-ferric oxide was too finely 
divided to be collected on a filter, and charcoal was therefore added, 
and the solution acidified with acetic acid. The mixture thus 
obtained was collected, washed with water, and extracted with 
acetone in a Soxhlet apparatus for several hours. After the acetone 
had been removed by distillation, the crystalline residue of the 
substance (XIV) was recrystallised from alcohol, forming colourless 
needles, m. p. 225° (Found: by macroanalysis, C, 69-4; H, 5-0: 
by microanalysis, C, 70-0; H, 5-0; N, 9-8. C,;H,,0,N, requires 
C, 70:3; H, 49; N, 9-8. C,;H,,0,N, requires C, 69-9; H, 5-4; 
N, 98%). This substance dissolved slowly in cold sodium hydr- 
oxide, sodium carbonate, or ammonia solution. 

When the product of the reduction was dissolved in hot dilute 
hydrochloric acid, and the solution was cooled, the hydrochloride 
separated in yellow needles, m. p. 307° (decomp.) (Found : C, 62-7; 
H, 49; Cl, 7-2. C,;H,,0,N;,HC1,H,O requires C, 62-3; H, 5-0; 
Cl, 7-4. C,;H,g0,N;,HCl,H,O requires C, 62-2; H, 5-4; Cl, 7-6%). 
It was sparingly soluble in cold water, but dissolved on boiling. 
If the resulting solution, which was yellow and faintly cloudy, 
was allowed to cool without the vessel being scratched with a rod, 
the liquid set to a jelly. If, on the other hand, the vessel was 
scratched, a solid separated which was faintly yellow and melted 
over a wide range from 200° upwards. This was probably a mixture 
of the hydrochloride and the base, which had been formed by 
hydrolysis. 

When the hydrochloride was warmed gently with aqueous 
sodium acetate solution, a colourless crystalline substance, m. p. 
320°, was deposited. It was sparingly soluble in the usual solvents, 
and was crystallised by dissolving it in much hot 95% alcohol 
and concentrating the filtered solution; it then formed colour- 
less needles, m. p. 322° [Found in different specimens: (i) loss 
at 100°, 7-9. C,;H,,O,N3,3H,0 losing 2H,O requires H,O, 7:5%. 
C,;H,30,N3,3H,0 losing 2H,O requires H,O, 7:4%. Found «in 
material dried at 100°: by macroanalysis, C, 67:2; H, 5-4; 
N, 92. C,;H,,0,N;,H,O requires C, 67-4; H, 5-2; N, 94%. 
C,;H,,0,N3,H,O requires C, 67:2; H, 56; N, 94%. (ii) Loss 
at 110° under reduced pressure in presence of phosphoric oxide, 
69. Loss of 2H,O from C,;H,,0,N;,6H,0 or C,;H,,0,N;,6H,O 
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requires H,O, 6-7%. Found in material dried thus: by micro. 
analysis, C, 60-2; H, 5-6; N, 85. C,;H,,0,N;,4H,O require 
C, 60-1; H, 5-8; N, 84%. C,,H,,0,N;,4H,O requires C, 60- 
H, 6-2; N, 8-4%]. These analyses, when considered in conjunction 
with the properties described below, indicated that these specimens 
were a tri- and a hexa-hydrate respectively of the substance (XIV). 
These hydrates dissolved in sodium hydroxide, sodium carbonate, 
and ammonia solution, regenerated the hydrochloride when dis. 
solved in dilute hydrochloric acid, and were converted into the 
reduction product, m. p. 225°, when crystallised from glacial acetic 
acid. 
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CCX XII.—Glucosides. Part II. The Preparation of 
a-Glucosides from B-Glucosyl Chlorides. 


By WILFRED JOHN HICKINBOTTOM. 


THE ordinary dextrorotatory tetra-acetyl glucosyl chloride and 
bromide are to be regarded, on Hudson’s views (J. Amer. Chem. Soc., 
1924, 46, 462), as belonging to the «-series. In alcoholic solution 
in presence of silver carbonate, they give rise to #-glucosides, 
presumably by virtue of a Walden inversion. It should be possible, 
therefore, to obtain «-glucosides directly from the isomeric 8-glucosy! 
halides by a similar process. Although 2:3: 4: 6-tetra-acetyl 
8-glucosyl chloride (III) has been prepared in a pure condition 
(Schlubach, Ber., 1926, 59, 840; compare Brigl, ibid., p. 1588; 
Fischer and Armstrong, Ber., 1901, 34, 2885), no satisfactory process 
has been devised for preparing «-glucosides from it. This failure 
is probably due to the ease with which it changes to the isomeric 
a-chloride (Schlubach, Stadler, and Wolf, Ber., 1928, 61, 287; 
compare Fischer and Armstrong, loc. cit.). 

A study was made, therefore, of the stability of other 8-glucosyl 
chlorides; the present paper contains an account of an investi- 
gation of the’ behaviour of 2-trichloroacetyl 3: 4 : 6-triacety! 
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3-glucosyl chloride (I) and of 3: 4 : 6-triacetyl 6-glucosyl chloride 
(II) in alcohols, and of the conditions which favour the formation 
of «-glucosides. 


H H H 


-—¢-Cl C-Cl pr Cl 
| H-C-0-CO-CCIl, H-C-OH H-C-OAc 
0 H-0-OAc O H-C-OAc 0 H-C-OAc 
H-C-OAc H-C-OAc HS ote 
CH,*OAc CH,°OAc a ‘OAc 
(I.) (II.) (III). 


2-Trichloroacetyl 3: 4 : 6-triacetyl $-glucosyl chloride was pre- 
pared by heating $-penta-acetyl glucose with phosphorus penta- 
chloride (Brigl, Z. physiol. Chem., 1921, 116, 1). It is of interest to 
note that while an acetylated «-glucosyl halide is formed by the 
action of hydrogen bromide or hydrogen chloride on $-penta-acetyl 
glucose, phosphorus pentachloride yields a §-glucosyl chloride. 
2-Trichloroacetyl 3 : 4 : 6-triacetyl 8-glucosyl chloride is a relatively 
stable substance when compared with 2:3:4: 6-tetra-acetyl 
6-glucosyl chloride; it does not exhibit any appreciable muta- 


| rotation when solutions in benzene, acetonitrile, acetone, o-chloro- 


phenol, or nitromethane are kept for at least 500 hours and, contrary 
to the observation of Brig] (loc. cit.), only a small increase in rotation 
occurs in chloroform solution, even after 540 hours. Further, the 
pure substance may be kept for long periods exposed to the 
laboratory atmosphere without any appreciable deterioration. It 
would appear, from qualitative determinations, that the reactivity 
of the glucosidic chlorine is lower than that of the bromine in tetra- 
acetyl «-glucosyl bromide. 

When either 2-trichloroacetyl 3:4: 6-triacetyl 8-glucosyl 
chloride or 3:4: 6-triacetyl $-glucosyl chloride was heated in 
methyl or ethyl alcohol in presence of silver carbonate or silver 
oxide, a mixture of «- and §-glucosides resulted, the proportion 
of «-glucoside under the most favourable conditions being 
approximately 70%. 

Although the formation of $-glucosides from 3: 4 : 6-triacetyl 
8-glucosyl chloride may be due in part to the intermediate form- 
ation of 3: 4: 6-triacetyl glucose 1 : 2-anhydride and its reaction 
with alcohols to yield §-glucosides (Part I, J., 1928, 3140), this 
explanation cannot account for the production of $-glucosides from 
2-trichloroacetyl 3 : 4 : 6-triacetyl 6-glucosyl chloride. Further, it 
was found that this glucosyl chloride is stable in presence of silver 
chloride, and is not appreciably affected in benzene solution by dry 
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silver oxide. It appeared, therefore, that the alcohols may be able 
to convert the §-glucosyl chlorides into the isomeric «-chlorides, 
which could then give rise to §-glucosides. Accordingly, an 
examination of the behaviour of 2-trichloroacetyl 3 : 4 : 6-triacety] 
and 3:4: 6-triacetyl $-glucosyl chlorides towards alcohols was 
made. 

The rotation of 3:4: 6-triacetyl ®-glucosyl chloride in dry 
methyl alcohol rises to a maximum ([«]p = ca. + 160°, c = 0:5) in 
3 hours at room temperature and then gradually falls to an 
equilibrium value. In ethyl alcohol, the change of rotation is 


Fie. 1. 

















i 1 
100 150 
Time, in hours. 
I. 3:4:6-T'riacetyl B-glucosyl chloride in methyl alcohol (c=0°51); in Ia, c=0°49, 
Il. ” ” ” ” ” ethyl alcohol. 
Ill. 2-Trichloroacetyl 3:4: 6-triacetyl B-glucosyl chloride in methyl alcohol (c= 
1-10); in Illa, c=2°1l. 


IV. 2-Trichloroacetyl 3:4: 6-triacetyl B-glucosyl chloride in ethyl alcohol. 
Vv. > n-butyl alcohol. 


somewhat slower, the maximum value being reached after about 
9 hours (see Fig. 1). 2-Trichloroacetyl 3 : 4 : 6-triacetyl 6-glucosy! 
chloride in methyl alcohol shows a similar behaviour, but the change 
is comparatively slow, the maximum being attained only after 
about 50—60 hours, to be succeeded by a slow fall to an equilibrium 
value. In ethyl- and n-butyl-alcoholic solutions, the observations 
were not continued sufficiently long for a maximum or an equilibrium 
to be attained (Fig. 1). 

The upward trend of the rotation indicates that each 6-glucosy! 
chloride in the solution is being converted into compounds belonging 
to the «-series—either into the «-glucosides by reaction with alcohol 
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and subsequent elimination of hydrogen chloride, or into the 
«glucosyl chloride by isomerisation. That the $-glucosyl chlorides 
react with the alcohol to yield glucosides is shown by the develop- 
ment of free hydrogen chloride when their solutions are kept. The 
formation of glucoside does not, however, proceed to completion. 
A methyl-alcoholic solution of 2-trichloroacetyl 3: 4 : 6-triacetyl 
g-glucosyl chloride, which has been kept till the rotation has 
attained @ maximum, still contains free glucosyl chloride, as 
demonstrated by the reduction of boiling Fehling’s solution and the 
loss of this reducing power after treatment with silver oxide or 
carbonate. As a result of the action of silver carbonate, which 
converts the unchanged glucosyl chloride into glucosides, the 
solution contains a mixture of «- and 6-glucosides, and from it after 
deacylation pure specimens of a- and §-methylglucosides were 
isolated by fractional crystallisation. Since, on the current views, 
a §-glucoside is derived from an «-glucosyl chloride, it is evident that 
the solution contains a proportion of «-chloride, which in turn is 
derived from the 8-chloride by isomerisation. That this isomeris- 
ation is due to the action of the alcohol, and not to the silver oxide, 
or to the silver chloride formed in the reaction, is supported by the 
observation that neither silver oxide nor silver chloride has any 
appreciable effect on the rotation of 2-trichloroacetyl 3 : 4 : 6-tri- 
acetyl 8-glucosyl chloride in dry benzene. 

That a solution of 3 : 4 : 6-triacetyl 6-glucosyl chloride in methyl 
alcohol which has reached a maximum rotation contains an excess 
of «-glucosyl chloride is demonstrated by the fall in rotation observed 
on treatment with dry silver oxide or silver carbonate, and by the 
isolation from the resulting solution of pure specimens of «- and 
$-methylglucosides after deacetylation. Furthermore, a direct 
comparison was made between the behaviour of methyl-alcoholic 
solutions of 3:4: 6-triacetyl §-glucosyl chloride of maximum 
rotation and solutions of the corresponding a-chloride in methyl 
alcohol. A methyl-alcoholic solution of 3 : 4 : 6-triacetyl «-glucosyl 
chloride shows a steady fall in rotation on keeping, with the liber- 
ation of free hydrogen chloride, while a freshly prepared solution on 
treatment with dry silver oxide or carbonate exhibits a marked fall 
in rotation. These changes are qualitatively comparable with 
those observed for a solution of the 6-glucosyl chloride of maximum 
rotation: a quantitative agreement cannot be expected owing to 
the occurrence of side reactions. 

It is, therefore, possible to advance a probable explanation of the 
nature of the changes which occur when 3 : 4 : 6-triacety] or 2-tri- 
chloroacetyl 3: 4: 6-triacetyl @-glucosyl chloride is dissolved in 
methyl alcohol. The initial rise in optical rotation is determined 
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partly by isomerisation to the «-glucosyl chloride and partly by the 
reaction of the @-glucosyl chloride to yield an «-methylglucoside. 
With the attainment of an equilibrium between the «- and 8-glucosy| 
chlorides, the reaction with the solvent becomes the predominant 
reaction and is principally responsible for the subsequent fall in 
rotation. It is not unlikely that the isomerising action of the free 
hydrogen chloride on the methylglucosides already present may also 
contribute to a small extent to the slow fall in rotation; indeed, 
some support for this is derived from an examination of the products 
obtained by interrupting the downward mutarotation at different 
stages by the addition of silver oxide. 

It is evident from this study of the behaviour of the 8-glucosy] 
chlorides in alcohols that, in order to obtain «-glucosides from them 
in an approximately pure state, the experimental conditions must 
be so arranged that the rate of replacement of the halogen by the 
alkyloxy-group is rapid compared with the rate of isomerisation. 
These conditions do not obtain when 2-trichloroacetyl 3 : 4 : 6-tri- 
acetyl 8-glucosyl chloride is heated in methyl-alcoholic solution in 
presence of silver oxide or silver carbonate, the product containing 
only approximately 70% of the «-glucoside. Somewhat similar 
proportions of a- and 8-glucosides result from 3: 4: 6-triacetyl 
8-glucosyl chloride, although here the problem is complicated further 
by the possibility of the formation of 3:4: 6-triacetyl glucose 
anhydride and its reaction with the alcohol to yield a $-glucoside 
(J., 1928, 3140). 

Attempts were made to retard the rate of isomerisation of 2-tri- 
chloroacetyl 3 : 4 : 6-triacetyl 8-glucosyl chloride by reducing the 
proportion of alcohol and using an indifferent solvent as a diluent. 
The product resulting from condensation at room temperature with 
methyl alcohol in presence of “ active” silver oxide and benzene 
contained a somewhat higher proportion of «-glucoside. The 
process has the disadvantage of requiring a considerable time for 
completion, but was applied successfully to the preparation of 
a-phenylglucoside from 3 : 4 : 6-triacetyl 6-glucosyl chloride. 

It was found subsequently that the preparation of «-glucosides 
could be more suitably effected by employing an alcoholic solution 
of the $-glucosyl chloride in presence of silver nitrate and pyridine 
(compare Schlubach and Schréter, Ber., 1928, 61, 1216), whereby 
the proportion of «-methylglucoside in the product from 2-trichloro- 
acetyl 3 : 4 : 6-triacetyl 6-glucosyl chloride was raised to 90%. An 
increase in the proportion of «-glucoside from 3: 4 : 6-triacetyl 
8-glucosyl chloride was also obtained by the same means. 
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EXxPERIMENTAL. 


Preparation of 2-Trichloroacetyl 3:4: 6-Triacetyl §-Glucosyl 
Chloride (I) —The following is a modification of the procedure 
described by Brigl (Z. physiol. Chem., 1921, 116, 1). Pure dry 
g-penta-acetyl glucose (69-6 g.; 1 mol.) was heated with phosphorus 
pentachloride (151 g.; 4 mols.) in a boiling water-bath till the 
evolution of hydrogen chloride ceased (2} hours). The product was 
fred from acetyl chloride and phosphorus oxychloride under 
diminished pressure, first at room temperature and finally at 100°. 
It is necessary that the heating at 100° should not be prolonged 
unduly, otherwise a dark product may result. The pale yellow, 
viscous residue was transferred while still hot to a crystallising dish, 
cooled somewhat, and covered with ether (100 c.c.). Crystallisation 
commenced soon after contact with the solvent, and was completed 
by keeping over-night in absence of moisture. The crystalline 
mass of crude glucosyl chloride was collected, washed with a small 
volume of ether, and then with ice-cold ethyl alcohol (yield, 24 g.). 

The filtrate, when diluted largely with ether, washed with water 
and dilute sodium bicarbonate solution, dried over calcium chloride, 
and evaporated, left a residue which, after being quickly crystallised 
from a small volume of n-butyl alcohol and washed with ethyl 
alcohol, gave a further yield of fairly pure material (6 g., after being 
freed from alcohol in a vacuum desiccator). 

The pure glucosyl chloride was obtained by crystallisation from 
warm dry ether, from which it separated in long slender needles, 
m. p. 140°. Its stability in the atmosphere and in various solvents 
has already been described (p. 1677), but imperfectly purified 
specimens develop an odour of acetic acid on keeping. When a 
benzene solution was kept in contact with dry silver oxide for 48 
hours no appreciable change of rotation was observed, and 1220 
hours’ contact with suspended silver chloride produced only a 
slight change after removal of the silver chloride, [«]) having risen 
from + 2-5° to + 5-7° * (c = 2-57). 

Preparation of 3:4: 6-Triacetyl 8-Glucosyl Chloride (I1).—This 
substance was prepared by the regulated deacylation of 2-trichloro- 
acetyl 3:4: 6-triacetyl 8-glucosyl chloride by means of a dry 
ethereal solution of ammonia, following Brigl’s directions (loc. cit.). 
The crude product was purified conveniently by dissolving it in the 
minimum of boiling dry ethyl acetate, and transferring the hot 
filtered solution to a freezing mixture, or by allowing it to cool in an 
evacuated vessel. 3:4: 6-Triacetyl ®-glucosyl chloride separated 


* All the values for [a], recorded in this paper were determined in a 2 dem. 
tube. 
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in small glistening platelets, m. p. 152—154° after two such 
crystallisations. Brigl (Joc. cit.) gives m. p. 156—158° after 10 
crystallisations. 


The Behaviour of Acylated 8-Glucosyl Chlorides in Alcohols, 


2-Trichloroacetyl 324: 6-Triacetyl 8-Glucosyl Chloride —(1) In 
methyl alcohol. The rotation of a dilute solution of the 8-glucosyl 
chloride in dry methyl alcohol rises to a maximum, followed by a 
slow fall to an equilibrium value, on keeping at room temperature 
(Fig. 1). The following table records the change of specific rotation 
over a period of 266 hours for a solution (¢ = 1-10) at. 20—23°. 

0-15 1-50 3-88 22-80 26-90 46-80 94-80 118-05 
+13-7° 17°8° 22°8° 66-1° 75-2° 925° 85-3° 76-1° 
191-55 265-80 

66-1° 

After 266 hours, the solution had an acid reaction, and gave an 
immediate white turbidity with dry silver oxide. After being 
warmed with silver oxide till the replacement of the labile chlorine 
was complete, the solution had [«]p + 68-1° calculated on the basis 
of the glucoside formed. 

In another determination of the change of rotation, the solution 
(c = 3-31), originally neutral, showed a faint acid reaction to 
Congo-red after 20 hours and had [«]p + 58-8°. The acidity 
became more pronounced as the rotation approached a maximum 
value. A solution showing the maximum rotation contained 
considerable proportion of glucosyl chloride in addition to free 
hydrogen chloride; it reduced Fehling’s solution, and after being 
shaken in the cold for a short time with silver carbonate till all free 
hydrogen chloride was removed, and then filtered, the solution gave 
a further precipitate of silver chloride on boiling withsilver carbonate. 

In other experiments, methyl-alcoholic solutions of the glucosyl 
chloride were kept until the rotation had attained approximately 
its maximum value, and then shaken with silver oxide at room 
temperature till the replacement of the chlorine was complete. In 
two such experiments silver oxide was added when the solutions 
had [a], + 748° (¢ = 661) and [a], + 77-4° (c= 6-31); the 
solutions resulting after this treatment had [«]p + 88-7° and 
-+ 82-4°, respectively, and contained no free glucosyl chloride. The 
products so obtained were combined, and deacylated with alcoholic 
ammonia. A mixture of «- and $-methylglucosides resulted, which 
yielded by crystallisation from alcohol pure a-methylglucoside, 
m. p. 164—165°, [ap + 155-9° (c = 1-02) in water. The mother- 
liquors, freed a3 far as possible from «-methylglucoside by concen- 





PREPARATION OF a@-GLUCOSIDES FROM $-GLUCOSYL CHLORIDES. 1683 


iration and cooling in a freezing mixture, yielded a crystalline deposit 
of §-methylglucoside, m. p. 95—97°, on nucleation. 

(2) In ethyl alcohol. In ethyl-alcoholic solution the change of 
rotation is slower than in methyl alcohol, the specific rotation rising 
from -+- 7-0° (c = 2-15), 0-63 hour after preparation of the solution, 
to + 445° after 165 hours. The observations were not continued 
over a sufficiently long period for a maximum to be observed or for 
equilibrium to be reached. The addition of dry silver oxide after 
166 hours, followed by filtration when the replacement of the labile 
halogen was complete, gave a solution of [x}p + 91°. It is apparent 
that, even after 166 hours, the solution still contained a considerable 
proportion of unchanged 8-glucosyl chloride. ) 

(3) In n-butyl alcohol. 2-Trichloroacetyl 3: 4 : 6-triacetyl 
3-glucosyl chloride is not readily soluble in n-butyl alcohol free from 
active impurities. The specific rotation of a nearly saturated 
solution (c = 1-0) rose from -+ 4-0° initially to -+ 22-0° after 193-5 
hours. 

3:4:6-Triacetyl 8-Glucosyl Chloride in Alcohols.—3 : 4 : 6-Tri- 
acetyl 8-glucosyl chloride is not readily soluble in methyl or ethyl 
alcohol; consequently, only dilute solutions could be employed. 
The change in rotation is very rapid, a maximum value in methyl 
alcohol being reached after 2 hours, and in ethyl alcohol after about 
Shours. The following table records the change of specific rotation 
with time for solutions of the 6-glucosyl chloride in methyl alcohol 
(¢ = 0-51) at 18—19°. 


3 4 7 9 11 14 19 21 24 
+47-9° 49-0° 61-7° 68-6° 74-5° 84-5° 94-1° 97-0° 106-8° 


29 34 44 54 60 86 247 
+112-7° 123-5° 131-4° 140-2° 141-6° 155-3° = =157-8° 


23°26 47-7 71-7 96°85 120-85 167-85 215-26 
+154-9° 150-9° 137-7° 1381-3° 126-5° = 119-6°  107-8° 


After 4-2 hrs. the solution was found to be acid to Congo-red. In 
another determination, when a solution of the glucosyl chloride in 
methyl aleohol had reached a maximum value of [«]p + 157-2° it 
was shaken with silver carbonate; the resulting solution after 
filtration confained no chloride and had [a]p + 126-1°. The 
‘olution was deacetylated by saturating with dry ammonia at room 
temperature, evaporated under reduced pressure after standing for 
24 hours, and treated with dry ether to remove acetamide. The 
residue was crystalline; and a warm concentrated solution in ethyl 
alcohol deposited erystals of a-methylglucoside on cooling: The 
nother-liquors, freed as completely as possible from «-methyl- 
glucoside by concentration and cooling, were nucleated with 
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6-methylglucoside and yielded a crystalline deposit of this 
glucoside. 

In ethyl alcohol (c = 0-38) at 19°, the specific rotation changed 
as follows : 
t(hrs.)... 0-53 0-60 0-68 1-23 1-25 1-35 1-85 

43-4° 44-8° 55-2° 72-3° 76-8° 80-2° 94-7° 
¢ (hrs.) ... 2-00 3-36 4-0 5-0 9-0 23-0 48:3 
101-6° =126-3° 130-2° 135-5° 143-4° 144-7° = 143-4° 

The solution, which gave only a faint acid reaction to moist 
Congo-red paper, showed no further change in rotation on being 
kept for a further 48 hours. Shaking with finely powdered silver 
oxide until all the halogen had been replaced gave a solution having 
[«]> + 113° calculated to triacetyl ethylglucoside. The solution 
evidently contained an excess of «-glucosyl chloride. 

3:4: 6-Triacetyl «-Glucosyl Chloride.—3 : 4 : 6-Triacety] «-glucosyl 
chloride was obtained admixed with some §$-chloride on keeping an 
acetone solution of the B-compound. The product after removal of 
the solvent under diminished pressure was a gum readily soluble in 
ether ; [a], + 102-2° in acetone. _ 

The solution in dry methyl alcohol at the ordinary temperature 
showed a steady fall in rotation with the liberation of free hydrogen 
chloride. The following table records the change in specific rotation 
for a solution at room temperature (c = 5-95) : 

0-20 0-51 1-93 2-16 2-90 4-0 
+111-9° 108-2° 93-8° 89-4° 87-1° 72-8° 


5-0 6-0 22-9 23-5 24-5 
+63-4° 53-8° 18-8° 17-8° 17-4° 


A portion of the solution, [«]p + 111-9°, was treated with dry 
silver carbonate shortly after being prepared, and the resulting 
solution, free from-chloride, gave [«]) + 54-4°. 

Preparation of «-Glucosides.—(1) By means of “‘ active’’ silver 
oxide. It has been found by Brigl and Keppler (Ber., 1926, 59, 
1588), that 2-trichloroacetyl 3 : 4 : 6-triacetyl 8-glucosyl chloride, 
when heated in methyl alcohol in presence of silver carbonate, gave 
rise to a mixture of «- and 6-glucosides, the proportion of the former 
being approximately 70°, under the most favourable conditions. 
It is now found that a similar yield of «-glucoside results by the use 
of “ active ” silver oxide (Helferich and Klein, Annalen, 1926, 450, 
225) in methyl-alcoholic solution of the 6-glucosyl chloride. 2-Tri- 
chloroacety] 3 : 4 : 6-triacetyl 8-glucosyl chloride (1-188 g.), “« active” 
silver oxide (1 g.), and methyl alcohol (50 c.c.) heated under reflux 
yielded a product which, after deacylation and drying, had 


> 
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{2} + 101-1° in water (c = 1-3), corresponding to the presence of 
(96°, of «-methylglucoside in the mixture. 

(2) In methyl-alcoholic solution of silver nitrate and pyridine. It 
yas found that the proportion of «-glucoside could be increased by 
dfecting the replacement of the chlorine in methyl-alcoholic solution 
containing a slight excess of equimolecular proportions of silver 
sitrate and dry pyridine. Dry methyl alcohol (40 c.c.) and 9-4 ¢.c. 
of a solution of pyridine and silver nitrate in this solvent (theory 
$3 ¢.c.) were added to 1-203 g. of 2-trichloroacetyl 3 : 4 : 6-triacetyl 
sglucosyl chloride. The chloride dissolved, and precipitation of 
silver chloride soon started. The mixture was gently boiled under 
reflux for 3 hours, and made up to 100 c.c.; it then had [«] + 109-3° 
calculated on the basis of the methylglucoside formed. 

The solution of the methylglucoside was evaporated under 
diminished pressure, leaving a colourless gum containing embedded 
in it long white crystals of pyridine nitrate; this was dissolved im 
chloroform, washed with a small volume of water, and evaporated: 
after drying over anhydrous sodium sulphate. 2-Trichloroacetyt 
3:4:6-triacetyl methylglucoside remained as a transparent. 
colourless gum, [«]p + 150-7° (c = 3-48) in ethyl alcohol. It could 
not be induced to crystallise. Deacylation with alcoholic ammonia 
and evaporation under diminished pressure, followed by treatment. 
vith dry ether to remove amides, furnished a crystalline residue of 
crude «-methylglucoside, [«]p + 138-0° in water (c = 1-32), corre- 
sponding to a mixture of 89-6% «- and 10-4% §$-methylglucoside. 
(rystallisation from ethyl alcohol furnished pure «-methylglucoside,. 
nm. p. 164—165°, [«]p ++ 155-2° in water (c = 1-93). 

In a control experiment, the $-glucosyl chloride was heated in 
methyl-aleoholic solution with silver oxide, and after treatment as: 
described above, the resulting mixture of «- and 8-methylglucosides. 
showed [«]) -++ 71-4° in water. 

The following table summarises the results obtained. 


The preparation of methylglucosides from 2-trichloroacetyl 3 : 4 : 6-tri- 
acetyl B-glucosyl chloride. \ 


[a], of [a], of 
acylated deacylated 
Wt. of [a], of glucosides glucosides a-Methyl- 
chloride, Reagent resulting in ethyl in water glucoside,. 
g. employed. solution. alcohol. (c=ca. 1-0). %. 
12552 AgNO, &C,;H;N +106-5° +143-7° +137-0° 88-9 
0-7578 Ag,O +74-6 +112-0 — — 
12029 AgNO, &C;H;N +109-3 +150-7 +138-0 89-6 
1-1233 Ag,O + 62-5 +983 +71-4 54-4 


12906 AgNO, & C,H,;N +1078 +1329  +4142-1 91-6 
217 AgNO,&C;H,N — +141-5 +132-1 86-8 
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The Preparation of «-Methylglucoside from 3:4 : 6-Triacety| 
8-Glucosyl Chloride—(1) In methyl alcohol in presence of silver 
oxide or carbonate. It was found that 3 : 4 : 6-triacetyl §-glucosy] 
chloride reacts with methyl alcohol in presence of “ active ” silver 
oxide or silver carbonate to yield a mixture of triacetyl «- and 
8-methylglucosides. Pure 3:4: 6-triacetyl (-glucosyl chloride 
(1 g.), added to 30 ¢.c. of dry methyl alcohol containing 0-8 g. of 
freshly precipitated dry silver carbonate in suspension, rapidly gave 
a precipitate of silver chloride in the cold. The reaction was 
completed by heating under reflux for 20 minutes. The product, 
after removal of suspended matter, was saturated with dry ammonia, 
and kept for 24 hours. Evaporation of the solution left a residue 
which solidified on trituration with dry ether, and after crystallis. 
ation from ethyl alcohol furnished pure «-methylglucoside, m. p. 165°. 

The use of silver oxide instead of silver carbonate gave similar 
results. The crude methylglucoside resulting after condensation 
and deacylation usually had specific rotations of -+- 90° to +- 100° 
(see later), and on crystallisation from ethyl alcohol yielded pure 
a-methylglucoside; the ethyl-aleoholic mother-liquors yielded 
further crops on concentration. When 4s much of the «-compound 
as possible had been removed, the remaining solution on nucleation 
gave a deposit of B-methylglucoside. 

(2) In methyl-alcoholic solution of silver nitrate and pyridine. A 
higher yield of «-glucoside resulted when the glucosyl chloride was 
allowed to react with methyl alcohol in presence of the equivalent 
amount of the silver nitrate-pyridine reagent (see p. 1685). To 
3: 4: 6-triacetyl B-glucosyl chloride (1-6184 g.) were added 17-2 ¢.c. 
of silver nitrate-pyridine reagent (calc., 17-0 ¢.c.) diluted with 
35 c.c. of dry methyl alcohol. Precipitation of silver chloride com- 
menced very shortly after mixing, and the reaction was completed 
by heating under reflux for 2 hours. After being diluted to 100 c.c. 
and filtered, the solution had [«]p -+- 137-5°. It was evaporated 
under diminished pressure, dissolved ini 50 c.c. of chloroform, washed 
twice with water to remove pyridine nitrate, and dried. Evapor- 
ation of the solvent left a colourless glass, [«], ++ 136-1° (c = 5:37) 
in ethyl alcohol. Deacetylation with alcoholic ammonia yielded 4 
crystalline mixture of methylglucosides, [«]) + 118-3° (c = 1-40) in 
water, from which pure a-methylglucoside, m. p. 164—165°, [«} 
+ 157-5° in water (¢ = 1-0) was obtained by crystallisation from 
ethyl alcohol. 

A control was carried out simultaneously : the @-glucosyl chloride 
was heated in methyl alcohol with silver oxide for 2 hours, and the 
solution filtered and deacetylated, the resulting mixture of «- and 
8-methylglucosides having [«]p + 91-9° in water (c = 1-01). 
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Preparation of a-methylglucoside from 3: 4 : 6-triacetyl 8-glucosyl 
chloride. 
[a], of [a], of 
acylated deacylated 
Wt. of [a], of glucosides  glucosides Methyl- 
chloride, Reagent resulting in ethyl in water glucoside, 
g. employed. solution. alcohol. (c=ca..1-0). %. 
16184 AgNO,&C,H;N +137-5° +136-1° +118-9° 79-4 
0-7473 Ag,O +872 . +100-0 +91-9 71-0 
02200 AgNO,&C,H;N +143-1 aa -- — 
02645 Ag,O + 85-0 


The Preparation of «-Phenylglucoside from 3:4: 6-Triacetyl 
3-Glucosyl Chloride.—Dry silver oxide (1 g.) was added gradually to a 
lution of phenol (10 g.) in dry chloroform containing a suspension 
of 3:4: 6-triacetyl 8-glucosyl chloride (1 g.). The mixture was 
shaken mechanically for 15 hours. After collection of the insoluble 
silver salts, the chloroform solution was evaporated under diminished 
pressure, and the phenol removed by prolonged evaporation in 
aqueous vapour at 40°. The residue, deacetylated with alcoholic 
ammonia, furnished crystalline «-phenylglucoside hydrate, m. p. 
148—150°, [«]p + 143° (c = 1-52) in water, after crystallisation 
from moist ethyl acetate. Acetylation in pyridine solution gave 
2:3:4: 6-tetra-acetyl «-phenylglucoside, m. p. 112° alone or admixed 
with a specimen obtained previously from 3 : 4 : 6-triacetyl glucose 
anhydride (J., 1928, 3147). 


The author wishes to express his indebtness to Professor W. N. 
Haworth, F.R.S., for much valuable advice and for his interest in 
this work. 

University OF BIRMINGHAM, 

EDGBASTON. [ Received, June 19th, 1929.] 





CCXXITI.—Cadmium and Beryllium Peroxides. 


By Tuomas R. PERKINS. 


ALL the metals of Group II of the periodic table have been shown to 
form peroxides of the formula MO, (zinc in the form ZnO,,}H,O) 
with the exception of cadmium and beryllium, whose peroxides 
would indeed be expected to be less stable than the others. Many 
so-called peroxides of cadmium have been prepared containing active 
oxygen ranging from CdQ,., to CdO,., (Haas, Ber., 1884, 17, 2253 ; 

8s, ibid., p. 2595; Kuriloff, Ann. Chim. Phys., 1891, 23, 430; 
lanchot, Ber., 1906, 39, 1170; Eijkman, Chem. Zentr., 1905, I, 
1628), is only a little work has been done on beryllium peroxide, 

M 
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Komarovsky (J. Russ. Phys. Chem. Soc., 1913, 45, 608) having 
obtained some basic peroxides. 

Accordingly, it was decided to make and compare the peroxides 
of cadmium and beryllium. 

Preparation and Examination of Cadmium Peroxide —(l) 4 
method was sought in which cadmium hydroxide could be obtained 
in solution and submitted to mild oxidation by hydrogen peroxide, 
Unlike baryta, cadmium hydroxide was found to be insoluble in 
sucrose solution, but it dissolved slowly in a concentrated solution’ 
of ammonium nitrate, and when this solution was added to 30°, 
hydrogen peroxide a cream precipitate was obtained in small yield; 
this was washed free from hydrogen peroxide and dried in a vacuum 
desiccator over phosphoric oxide. It decomposed explosively into 
cadmium oxide and oxygen on heating. 

Analysis. Cadmium oxide was determined by simple ignition. 
Ammonium nitrate, which the preparation was found to contain, 
could be roughly estimated by a preliminary gentle ignition. The 
“ active ’’ oxygen was determined by dissolving a sample in ice-cold 
dilute sulphuric acid, containing. boric acid, and titrating with 
standard potassium permanganate solution. (Nitric acid may be 
used in place of the sulphuric acid.) A specimen analysis showed 
CdO 80-0, active oxygen 7-42, NH,NO, 7:0%. The remaining 
5—10% in the preparations was assumed to be water, the presence 
of which was demonstrated. 

In the preparations, the method of addition of the reagents, 
excess of hydrogen peroxide, concentration of cadmium solution, 
and the temperature were varied, yet the ratio CdO : O remained 
constant (1-66, 1-72, 1-74, 1-73) corresponding to Cd,O;. Moreover, 
the water content could be decreased by longer desiccation; for 
instance, after 9 days the ratio H,O : O (active) was 0-73 : 0-66, but 
another preparation dried for a month gave a ratio 0-47: 0-72. 
Hence, the peroxide was not a compound of hydrogen peroxide and 
may therefore be formulated Cd,O;,cH,O. The substance was quite 
stable, the percentage of active oxygen showing no change after a 
month. 

(2) To avoid the hydrolysis possible in Method 1, alcoholic potas! 
was added to an alcoholic solution of cadmium bromide containing 
perhydrol; the resulting white precipitate was washed free from 
potassium bromide and then corresponded to CdO, .¢o. 

(3) By adding a solution of cadmium hydroxide in ammonia t 
perhydrol, a pale cream precipitate was obtained which was dried 
and analysed as before. The proportion of oxygen remained 
constant whilst the concentrations of the reacting solutions and th¢ 
excess of hydrogen peroxide were changed within wide limits, 4” 
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corresponded to Cd,O,. Ammonium chloride was present. The 
water was always in too small quantity (about 6%) compared with 
the oxygen to correspond with a compound of hydrogen peroxide, 
and the compound could be formulated Cd,0,,2H,0, i.e., it is a 
“true” peroxide. 

(4) The general method for preparation of metallic peroxides 
consisting in the addition of ethereal hydrogen peroxide to the metal 
alkyl in ethereal solution (Ebler and Krause, Z. anorg. Chem., 1911, 
71, 150) was used, the cadmium dimethyl being prepared from the 
Grignard reagent (Krause, Chem. Zentr., 1918, I, 177). The 
resulting cream precipitate was washed with dry ether and dried; 
it was more explosive on heating than the previous preparations. 


2°0 


0 20 40 60 80 100 120 140 160 
Time, ¢, in minutes. 
(For Graph B, 50 has been added to each time reading.) 


Analysis. Besides cadmium oxide and active oxygen, the 
preparation contained water and a little carbon dioxide, the last two 
constituents being determined by heating in a stream of nitrogen 
(Found: CdO 83-16, active O 7-10, water 7-41, CO, 2-61; total 
100-28%). The concentrations of the reacting ethereal solutions, 
their temperature, and the excess of hydrogen peroxide were varied, 
but the proportion of active oxygen was not affected (e.g., CAO :O = 
1-74, 1-70, 1-71, 1-76, 1-69) and corresponded to Cd,0O;. A low 
temperature merely caused a slow precipitation. When the 
cadmium dimethyl was dissolved in a mixture of absolute alcohol 
(1 vol.) and ether (1 vol.) the apparently similar precipitate exploded 
violently on being dried in a vacuum desiccator. Two preparations 
were carried out in an atmosphere of dry nitrogen. The water 
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content, sometimes in excess of that required to form hydrogen 
peroxide with the active oxygen, was never insufficient for that 
purpose. This shows that we may formulate the compound as 
3Cd0O,2H,0,, i.¢., that it is not a ‘‘true’’ peroxide. This result is in 
accordance with the decreased stability of the preparation. 

(5) Small quantities of peroxide were produced by passing ozone 
through a suspension of finely divided brown cadmium oxide in 
chloroform, a white deposit being formed. Blank experiments on 
the chloroform gave no hydrogen peroxide. 

Other methods. The electrolysis of cadmium chloride with hydrogen 
peroxide in the cathode chamber produced cadmium hydroxide. 
The addition of potassium hydroxide to cadmium chloride solution 
containing hydrogen peroxide, and secondly, the pouring of a 
solution of potassium hydroxide, cadmium chloride, and Rochelle 
salt into perhydrol gave only gelatinous precipitates. 

The Velocity of Thermal Decomposition of Cadmium Peroxides.— 
Still further to illustrate the constitution of the peroxides, their rate 
of thermal decomposition was examined. If two apparently distinct 
peroxides were both only different mixtures of, say, CdO, and Cd0, 
their velocities of decomposition should give identical coefficients. 

The rate of decomposition of the peroxide in an atmosphere of 
oxygen at atmospheric pressure was determined by measuring the 
oxygen evolved in a gas burette, the peroxide being kept at a constant 
temperature in a vapour bath. The levelling of the mercury was 
done accurately with the help of a sulphuric acid manometer ; also 
a phosphoric oxide drying tube was inserted before the gas burette, 
and a smaller one just above the tube in which the peroxide was 
sealed. The large drying tube, manometer, and gas burette were 
finally all immersed in a cylinder of water to protect them from 
sudden changes of temperature and were connected to the reaction 
tube by thick-walled capillary tubing. 

Peroxides from Method 4 were found to decompose unimolecularly 
(characteristic of a heterogeneous reaction) since a straight line was 
obtained by plotting the logarithm of the velocity (in c.c. of oxygen 
at N.7.P. per min.) against the time. The velocity coefficients were 
obtained from the graphs by measuring their slope and using the 
relation k = 2-30(log,98;—log,98)/(t, — ¢,), 8, and 8, being the 
velocities at times t, and ¢,. Thus, in the case of Graph A we find 
k = 2-30 x 0-0146 = 0-0335 (min—1). Similarly, other experi- 
ments gave the values 0-0336, 0-0322, and 0-0335. The temperature 
employed was 128°, amyl alcohol being used in the vapour bath. 

Peroxides from Method 3 were similarly examined and found to 
be much more stable, although they contain more oxygen. This 
supports the conclusions previously reached with regard to their 
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structure (i.e., that they are “‘ true ”’ peroxides). At 156° (bromo- 
benzene being used in the boiler) they decomposed unimolecularly. 
For example (see Graph B), we find k = 2-30 x 0-0202 = 0-0465. 
The values 0-0326, 0-0463, 0-0373 were similarly obtained. 

The points on the left of the graphs correspond to the commence- 
nent of the reaction, those on the right to a period when the reaction 
has become extremely slow (say, 0-05 c.c. of oxygen per min.). 

Beryllium Peroxide——Method 4, which had been found most 
convenient for cadmium, was used with both beryllium dimethyl 
and diethyl. The addition of hydrogen peroxide to the beryllium 
alkyl solution in ether produced a gelatinous precipitate in the first 
case (dimethyl) and a brown coloration and then a solid in the 
second (diethyl). These precipitates gave no hydrogen peroxide 
with dilute acid. 

Summary. 


(1) Cadmium peroxides have been prepared and shown to corre- 
spond to the formule Cd,0;,72H,O; Cd,0,,2H,O; and 3Cd0,2H,0,. 

(2) The last two were shown to decompose unimolecularly. 

(3) Cadmium oxide can be peroxidised by ozone at ordinary 
temperatures. 

(4) The alkyl method of preparation failed to give a peroxide with 
beryllium. 


The author wishes to thank Professor H. B. Baker, F.R.S., in 
whose laboratory these experiments were carried out, for his kind 
interest and advice. 
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CCXXIV.—Electrometric Titration Curves of Dibasic 
Acids. Part III. Substituted Malonic Acids. 


By RicHarp Gane and CHRISTOPHER KELK INGOLD. 


Iv our preliminary survey (J., 1928, 1594) of the possibility of 
measuring the distance between the carboxyl groups of a dibasic 
acid by utilising hydrogen potentials during neutralisation in con- 
junction with Bjerrum’s theory concerning the effect of an ionic 
centre on local hydrogen-ion concentration, we suggested that two 
important disturbing factors would require recognition when inter- 
preting results obtained by this method. 

One is due to solvation and electrostriction, which should render 
the estimated distances too large. This disturbance is expected to 
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be almost universal, and hence difficult to eliminate by any experi- 
mental means; nevertheless, it should depend mainly on the con. 
ditions of measurement, and, for a series of related acids, measured 
in the same way, should be largely independent of the acid, even 
although the estimated distances might not be physically exact. 
A simple illustration of this effect disclosed itself during our 
examination (loc. cit.) of the homologous normal dibasic acids from 
glutaric acid to azelaic acid. Katz’s recent investigation, by X-ray 
methods, on the shape and arrangement of molecules in the liquid 
state (Z. angew. Chem., 1928, 41, 329) indicates a straight con. 
figuration (with zig-zags) for those types of normal-chain molecules 
which are known (Miiller, Shearer) to assume this configuration in 
the crystal, and Caspari has lately shown (J., 1928, 3235) that the 
normal dibasic acids assume the straight configuration in the 
crystal, the increment in the length of the chain for each additional 
methylene group being about 1-26 A.U. Our investigation also 
has revealed a constant increase in the length of the chain for each 
added methylene group; but the value of the increment was 1-73 
A.U., indicating that all the estimated distances are increased in this 
proportion by the effect under discussion. Since the conditions of 
these measurements have been repeated in the present work, the 
same consideration will apply. It corresponds to an effective 
reduction, attributable to solvation, amounting to about 17% in the 
external field of the carboxylate ion. 

The second source of disturbance is that which arises from in- 
ternally propagated polar influences; and in dibasic acids the 
effect of the inductively propagated electron-attraction of one 
carboxyl group on the ionisation of the other is of particular im- 
portance : it tends to make the determined distances too small. It 
is known, however, that even the most powerful polar influences, 
when relayed by induction along a chain of methylene groups, 
rapidly become damped out; for instance, in aromatic substitution, 
the m-orienting effect of the ammonium pole, although large in 
benzylammonium compounds, is smaller in their $-phenylethyl-, 
and almost inappreciable in their y-phenylpropyl-analogues (Coss, 
Ingold, and Wilson, J., 1926, 2440; Goss, Hanhart, and Ingold, J., 
1927, 250; Ingold and Wilson, J., 1927, 810). Similarly, our in- 
vestigation (loc. cit.) of the acids CO,H-[CH,],“CO,H showed that, 
whilst malonic acid exhibits a large anomaly of the expected type, 
with succinic acid the effect is smaller, and with glutaric acid it is 
negligible; that is to say, transmission through three methylene 
groups suffices practically to destroy the inductive effect of the 
carboxyl group. Furthermore, in an experimental comparison of 
alkylated dibasic acids (such as those used in the present work) 
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the inductive polar effect due to the replacement of hydrogen by 
alkyl may assume significance; but this internal polar influence is 
known from independent evidence relating to addition and elimin- 
ation reactions (Lucas and Moyse, J. Amer. Chem. Soc., 1925, 47, 
1459; Lucas, Simpson, and Carter, ibid., p. 1462; Hanhart and 
Ingold, J., 1927, 997; Ingold and Vass, J., 1928, 3125; Fenton and 
Ingold, forthcoming paper) to be so much weaker than that of 
carboxyl that it would almost certainly be reduced to negligible 
dimensions after transmission through two carbon atoms. Thus it 
should be possible, by avoiding alkyl substituents too near the 
carboxyl groups and a too great proximity of these groups, to obtain 
examples substantially free from internal polar disturbances; and 
this we have demonstrated (J., 1928, 2267) by showing that a long 
series of 8-alkylated glutaric acids (in which the carboxyl groups 
should be sufficiently far apart and the alkyl groups sufficiently 
distant from both to secure the desired simplification) are placed by 
measurements of the apparent distance between the carboxyl 
groups in precisely the order indicated by the numerous chemical 
relationships summarised in the hypothesis of valency deflexion. 
Notonly does the order agree, but also the gaps between the successive 
members of the series are related in the expected manner, thus con- 
firming the conclusions already indicated regarding the conditions 
for the practical elimination by damping of the internally trans- 
nitted polar effects of carboxyl and alkyl. 

In these examples we circumvented the solvation disturbance 
by treating the results comparatively, and avoided the internal polar 
factor by a special choice of structure, thus, as it were, isolating the 
spatial relations. In developing these studies it seemed that the 
next case in order of complexity would be one in which the polar 
factor also is allowed effectively to enter, and we therefore turned to 
the alkylated malonic acids. The anticipated consequence was not 
confusion, because sufficient is known of the polarity of carboxyl 
and alkyl groups largely to exclude an arbitrary or indefinite inter- 
pretation. We have followed our former plan for dealing with the 
solvation factor: 

The data recorded in the experimental portion lead to the follow- 
ing values of the apparent distance (r) between the carboxyl groups 
of the malonic acids CRR’(CO,H),. The distances are in Angstrém 


H, Me,H Et,H ProH Pr8,H Me, Et, Pro 
154 164 1:50 147 1:37 145 O71 0-64 


It is necessary now to consider to what extent the results accord 
with the considerations outlined in the foregoing paragraphs. 
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(a) The Order of the Compounds.—For reasons already indicated 
we shall assume that solvation augments the measured distance. 
that the inductive electron-attraction of the carboxyl groups 
diminishes it, and that these effects are nearly constant throughout 
the series studied. It is the internal polar influence of the alky! 
groups on the carboxyl groups that should constitute the main 
variable disturbance to a series of results which otherwise ought to 
correspond to the normal spatial relations. These spatial relations, 
expressed in the hypothesis of valency deflexion, would place the 
compounds in the following order : 

A Be Cc 





fr 


un“~“—_ Sg @F #275 Pees 
- + + H,>MeH>EtH>PrH>PreH>Me,>Et,>Pre, - - - - \ small 


large J 
Now the inductive effect of replacing hydrogen by alkyl is to depress 
the ionisation of the malonic acid molecule; but in the hydrogen 
malonate ion the inductive effect of the negative pole will reduce 
or reverse the polarity of the alkyl substituent, wherefore the 
internal polar influence of this substituent on the ionisation of the 
anion should be reduced or inverted; and this combination of effects 
is equivalent to an increase in the estimated distance r. Further. 
more, we have given reasons for assuming that the polar effect of 
replacing hydrogen by alkyl will become insignificant at the carboxyl 
groups after transmission through two intervening carbon atoms; 
and since, in the above series of acids such an effect is never trans- 
mitted through less than one intermediate carbon atom, it follows 
that only the first carbon atom of each alkyl group (in other words, 
only the $-carbon atoms of the acids) need be counted as contribut- 
ing to the variable polar factor. The disturbance created by this 
factor should, therefore, take the following form : (1) the members 
of group B in the above series should suffer no disarrangement 
amongst themselves; (2) the same should apply to members of 
group C; but, (3) group B as a whole (one 8-carbon atom) should 
undergo displacement to the left in the series relatively to A (no 
8-carbon atom); and (4) group C as a whole (two 8-carbon atoms) 
should be displaced to the left relatively to the new position of group 
B. The determined order bears this out : 


A Cc 
uc in ™ 





| eee 
r » Baz 
eet Mol>H,>IHH>FrH>Me,>PAH>Bt,>Emy -- {small 





B 


(b) The Relative Intervals—The general theory relating to the 
structural influences considered above may be correlated somewhat 
more precisely with the actual numerical results by examining the 
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differences between the figures for the various members of the series 
taken in pairs. The following are some obvious theoretical require- 
ments. The interval between the recorded distances for methyl- 
and ethyl-malonic acid should not be very different from the 
corresponding interval for ethyl- and isopropyl-malonic acid, since 
each difference depends on the same structural change, i.e., the same 
substitution in the same position relative to the carboxyl groups, 
in structurally similar parents. Each of these intervals should 
exceed that given by ethyl- and n-propyl-malonic acids, since this 
last difference depends on a similar substitution in a more remote 
position from the carboxyl groups. The disparity between the 
distances for the dimethyl- and diethyl-acids should exceed that 
shown by the diethyl- and di-n-propyl-acids, and should do so by a 
greater ratio than that of the preceding comparison, because the 
reason there given applies twice over in the present case. The 
interval for the dimethyl- and diethyl-acids should also exceed those 
shown by the methyl- and ethyl-acids and by the ethyl- and iso- 
propyl-acids, because the structural difference represented in the 
last two pairs of acids is present also in the first pair, together with an 
additional difference of the same kind. For similar reasons, the 
difference exhibited by the diethyl- and di-n-propyl-acids should 
exceed that shown by the ethyl- and n-propyl-acids. The extent to 
which these theoretical deductions, which are based wholly on con- 
siderations of valency deflexion, accord with the values obtained by 
observation is shown in the following table, from which it will be 
seen, not only that all the differences are in the right direction, but 
also that the ratios of the differences are divisible into fairly 
distinct groups corresponding with the prediction: the presumed 
identity in order of magnitude is represented by a ratio which is 
very nearly 1; the series of minor inequalities by a group of ratios 
falling between the limits 2 and 6, and the major inequality by 
the ratio 11. 
Predicted relation between Observed differences 

intervals. (A.U.). Ratio 
Interval I. Interval IT. Interval I. Interval II. I/II. 
MeH-EtH > EtH-PréH 0-14 0-13 1 
Me,-Et, > MeH-EtH 0-74 0-14 5 
Me,-Et, > EtH-Préo 0-74 0-13 6 
Et,-Pre, > EtH-PreH 0-07 0-03 2 
MeH-EtH > EtH-PreH 0-14 0-03 ; 

11 


EtH-PrH > EtH-PreH 0-13 0-03 
Me,-Et, >*Et,—Pra, 0-74 0-07 


* The presumed structural cause of inequality No. 5 here applies twice. 


- 


“ID om Cobo 5! 


Electrolytic Dissociation Constants—Only minor modifications 
should be necessary in order to transform the substance of the above 


discussion of the r-values of dibasic acids into an analogous inter- 
3M 2 
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pretation of their electrolytic dissociation constants, with which, of 
course, the r-values are closely connected in the Bjerrum theory. 
We have, for instance, disregarded an expected small alternating 
effect depending on the zig-zags of the alkyl groups. Small altern. 
ations are discernible amongst the dissociation constants of several 
series of aliphatic acids, and are probably to be regarded as a com. 
bined spatial-polar influence closely similar in orgin to what has been 
called the “ direct effect ”’ (Ingold and Vass, J., 1928, 417, 2262; 
Ingold and Ingold, J., 1928, 2249) in its application to aromatic 
substitution. Of the various factors of disturbance anticipated in 
our first paper (loc. cit.) this is the only remaining one, but its 
influence in the cases now considered should be small, if analogy with 
aromatic substitution can be taken as a guide. Furthermore, this 
factor, like all the variable polar disturbances (7.¢., those due to the 
alkyl groups), should be less prominent in the r values, and still less 
prominent in the second dissociation constants of the malonic acids, 
than in their first dissociation constants, partly owing to the sup- 
pression of normal alkyl polarity by the negative pole in the uni- 
valent anion, which ‘reduces the effect on the second dissociation 
constant, and partly because polar disturbances enter into the r- 
values as a kind of mean between those which affect the two dis- 
sociation constants separately : in symbols, A(K,)>A(r)>A(K,), 
where the parentheses denote functions of structure, and the A’s, 
generalised polar differentials. Thus the qualitative relationship 
between the dissociation constants of malonic acid and its alkyl 
derivatives should be as follows. Starting with the normal spatial 
sequence (illustrated on p. 1694), applied in accordance with the view 
that, owing to the proton-repulsion of carboxyl and the proton- 
attraction of carboxylate ion, the local hydrogen-ion concentrations 
will be changed in such a way that proximity of the carboxyl 
groups of an acid will lead to a high K, and a low K,, then, as 
regards K,, we can assert that the polar displacement of the groups 
of acids B and C to the left in the seriés will be more pronounced 
than was found for the r-values, and larger for C than for B, and that, 
if alternation is discernible (which it seems to be), it should be 
more apparent amongst the members of Group B, in which the 
spatial intervals are small, than amongst the gem-compounds of 
group C in which, for reasons already given, these intervals are 
larger; and, as regards K,, we expect comparatively little polar 
disturbance amongst the groups A, B, and C, and no perceptible 
alternation. 

The values of K, and Kg, calculated from our electrometric deter- 
minations, are given in the first table in the experimental section, 
and a brief examination of the figures will show that all the above 
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conclusions are justified. Considering, for instance, the order of 
the compounds in ascending values of K,, it is observed that the 
group of acids B has passed completely over to the left of A, and that 
the first member of group C has attained a position to the left of 
both groups A and B. Again, in the B-series there is a small 
apparent alternation (K x 104 for Me-, Et-, Pr*-acids = 11, 13, 
ll, respectively), but it cannot be perceived in the more spread-out 
values of the C-series (K x 104 for Me,-, Et,-, Pr*,-acids = 8, 62, 
87, respectively). Particularly evident is the fact that all the 
second dissociation constants follow the unaltered spatial sequence, 
although the presence of a small polar disturbance (of the expected 
kind) can be perceived by a study of the relative intervals. Thus 
the figures for the Me,- and Pr8H-acids show that the C-series has 
only just missed overlapping the B-series. Of course, owing to the 
special way in which concentrations and activities enter into the 
constitution of these constants, they are not likely to be identical 
with those which might be obtained by conductivity, partition, 
or catalysis (compare Part I, loc. cit.); nevertheless, the dissociation 
constants determined by any other single method should show a 
similar agreement with the theoretical requirements.* 

We have given these applications of established principles more 
fully than would otherwise have been thought necessary, because 
misapprehension appears still to exist regarding the point of view 
which actuates modern researches on the spatial influences expressed 
by valency deflexion. Hiickel has commented on the anomalies 
presented by the malonic acids, but his view, that the recognition 
of polar influences is an arbitrary escape from difficulty, seems 
scarcely fair; it is, however, less remarkable than that of Lowry 
(Chem. and Ind., 1928, 47, 1150), who, whilst not disputing the 
contended superposition of polar influences, asserts that the 
hypothesis of valency deflexion “‘ would lose most of its value if it 
could only be used as subsidiary to a major hypothesis of polarity.”’ 
Our view is, and always has been, that a competent general theory of 
reactivity cannot neglect either the spatial or the polar factor, and 

* A new series of determinations of K, by conductivity of certain alkylated 
malonic acids has appeared as the proofs come to hand (Vogel, this vol., 
p. 1476). The selection of examples differs somewhat from ours, but the data 
are in excellent agreement with the considerations outlined above. The 


order is 
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that which is “ major’ and which “ subsidiary ” in a given case r 
depends entirely on the structural circumstances of that case. In & at: 
the studies now described it would be hard to say—each factor plays 
its part. Tits 
EXPERIMENTAL. re 
The substituted malonic acids were either purchased or prepared ny 
by known methods, and in all cases carefully purified by repeated § i, 
crystallisation before use. The hydrogen-potential measurements J pz 
were carried out and standardised, and the results calculated, just § rit: 
as described in Part I (loc. cit.). The titres recorded below are in § ?# 
c.c. and the E.M.F.’s in volts.* The remaining data necessary for 
the application of the Auerbach-Smolezyk equation are recorded in i 
the second, third, and fourth columns of the table immediately § 4 
following. The calculated values of K, and K, are in the fifth and Tit 
sixth columns; they refer to the temperature 25°, at which all the § p, 


hydrogen-potential determinations were carried out. Tith 
Original Cone. of Equivalent = 
RR’ in acid conce., NaOH titre Tits 
RR’C(CO,H),. M (mols. /I.). (N).  .. (c.c.). Kyx1l0*%. K,x 10%. pu 
H, 0-04991 1-116 13-42 17:7 43-7 > Titi 
MeH 0-05040 1-116 13-55 10°7; 34:3 Du 
EtH 0-05905 1-596 11-10 12-6; 28-1 
PreH 0-01622 0-1116 43-63 10-7 20-8 
PréH 0-007665 0-1116 20-58 11-7 15-9 ’ 
Me, 0-05560 1-116 10-45 8-27 15:3 
Et, 0-006100 0-1116 16-42 62-3 0-590 0-8 
Pra, 0-003811 0-1116 10-25 86-7 6-342 
~ ‘ ‘ . Titi 
Methylmalonic Acid.—E.M.F. = 0-3733 at titre 0-0 and 0-6970 § p, 
at titre 13-51. Titi 
Titre ...... 0-00 0:50 1:02 1:77 2-70 400 5:02 5-78 PH 
PH sveseeser 2-173 2-305 2-485 2-616 2-827 3-150 3-431 3-694 Titi 
Titre ...... 628 676 7:15 800 9-00 10:00 11-03 11-98 Pu 
alse ed 3-950 4-232 4-462 4-862 5-179 5-430 5-687 5972 F a, 


Titre ...... 13-08 13:16 13-30 13-51 Pu 
Gun |. debs 6-579 6-674 6-836 7-431. 

Ethylmalonic Acid.—E.M.F. = 0-3710 at titre 0-0 and 0-8541l ] 
at titre 11-17. at 
Titre ...... 0:00 0-25 0-48 O88 1-32 1:78 2:27 2-88 7 
OR! crest 2-132 2-205 2-269 2-389 2-520 2-653 2-789 2-956 
Titre ...... 3:35 3-75 420 462 4:98 5:18 550 5:90 r 
Sar” vaskouee 3-092 3-221 3-392 3-571 3-773 3-911 4-181 4-553 Titr 
Titre ...... 6-21 661 7-01 7-42 7:78 829 870 915 Pu 
PH cocveeeee 4-762 4-965 5-130 5-272 5-388 5-536 5-660 5-807 Titr 
Titre ... ... 9-56 9-98 10-60 10-74 10-83 10-87 10-92 11-17 Pu 
PH vveceeese 5-956 6136 6524 6-682 6-815 6-895 6-994 10-310 Titr 

* Those for malonic acid itself are recorded in Part I. In the discussion Pu 


of the theory of the method in Part I reference to Britton’s paper (J., 1925, Tits 
127, 1896) was inadvertently omitted. 
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n-Propylmalonic Acid.—E.M.F. = 0-3888 at titre 0-0 and 0-8179 
at titre 43-73. 





Titre ...00- 0-00 1-05 3-01 4-98 6-98 9-00 10-98 13-00 
re 2-435 2-487 2-576 2-705 2-821 2-944 3-068 3-207 
Titre ..... 14-95 16-98 18-98 19-98 20-98 22-97 25-00 26-96 
PH seereeeee 3-363 3-554 3-809 3-986 4-207 4-670 5-004 5-225 
Titre ...... 29:00 31-01 33-00 35-02 37:00 37:99 39-97 41-91 
PH scivccess 5-408 5-567 5-719 5-891 6-075 6-185 6-455 6-876 
Titre ...00. 42-22 42-44 42-65 43-73 

PE cevsccees 6-959 7-066 7-191 9-698 


isoPropylmalonic Acid.—E.M .F. = 0-3980 at titre 0-0 and 0-8508 
at titre 20-98. 


Titre ...... 000 0-23 40-73 1-19 1-62 2-99 4-00 4-99 
a 2-591 2-616 2-662 2-701 2-739 2-871 2-990 3-093 
Titre ...... 6-00 7-96 8-99 9-98 10-50 10-98 11-45 11-97 
, rn 3-221 3-548 3-814 4340 4-540 4-777 4-964 5-127 
TO cocese 12-50 12-97 14:00 14-99 15-99 17-00 18-00 19-00 
OE. cecscipas 5-260 5-363 5-553 5-717 5-881 6-058 6-259 6-529 
MIO: scones 19-50 19-65 19-74 19-98 20-08 20-64 20-73 20-98 
PE ccccstnas 6-682 6-802 6-856 7-014 7-117 9-428 9-798 10-250 


Dimethylmalonic Acid.—E.M.F.=0-3773 at titre 0-0 and 
0-8623 at titre 10-51. 


Tbe ».0ta0k 0-00 80-20 0-50 1-02 1-50 1-81 2-20 2-62 
Oe SS cntaeaes 2-241 2-301 2-423 2-591 2-765 2-860 2-983 3-108 
FIRES. -sewees 2-98 3°45 4-08 4-47 4:85 5-20 5-55 5-91 
GE  stccvenes 3-223 3-382 3-623 3-830 4-085 4-432 4-782 5-046 
PER sdcsns 6-28 6-69 7-10 7-62 8-22 8-63 8-98 9-48 
PE civdeonsd 5-246 5-418 5-573 5-733 5-912 6-069 6-211 6-445 
ae 9-83 10-02 10-22 10-51 

PR - osescesds 6-674 6-852 7-169 10-440 


Diethylmalonic Acid.—E.M.F. = 0-3858 at titre 0-0 and 0-8389 
at titre 16-78. 


Titre ...... 0-00 0-25 0-50 1-98 3°01 3°55 3-96 4-49 
PG: acccncens 2-385 2-413 2-443 2-559 2-652 2-709 2-754 2-816 
Titre ...... 4:97 5°50 5:97 6-50 7-01 7-53 8-00 8-51 
|. eer 2-885 2-968 3-057 3-178 3-341 3-592 4-096 5-765 
Titre ...... 8-90 9- 50. 10:03 10-50 10-97 11-51 12-00 12-50 
a aE ee 6-185 6512 6-701 6-831 6-955 7-074 7-179 7-288 
en 13-47 14-50 14-97 15°51 16-40 16:45 16:50 16-54 


PW ceri. 0094s 7-491 7-755 7-877 8-107 8-971 9-124 9-266 9-418 


eieies 16-59 16-64 16-68 16-78 
seabenene . 9-731 9-850 10-050 
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Di-n-propylmalonic Acid.—E.M.F. = 0-3960 at titre 0-0 and 
0-8412 at titre 10-56. 

0-52 1:05 155 2-01 250 300 351 
2-593 2-652 2-713 2-780 2-858 2-956 3-077 
4-47 4-78 5-10 5-30 5-50 5-91 6-26 
3-501 3-791 4-782 5-957 6-342 6-735. 6-937 
7-22 7-75 8-22 8-91 9-17 10-16 10-20 
7-319 7-494 7-658 7-893 8-005 8-928 9-034 


10-25 10:29 10:34 10:39 10:42 10:47 10-52 10-56 
9-172 9-309 9-485 9-637 9-764 9-900 10-012 10-090 


We wish to record our thanks to Messrs. W. R. Atkin and F. (. 
Thompson of this University for the kind loan of their apparatus. 
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CCXXV.—The Relative Configurations of d-B-Octanol 
and its Dextrorotatory Halides. The Interconversion 
of the Optically Active B-Octanols by a New Method. 


By ArmManD JosEPH HENRI Hovssa, JosEPH KENyon, and 
HENRY PHILLIPS. 


On treatment with hydrogen chloride, bromide or iodide (Pickard 
and Kenyon, J., 1911, 99, 45), or thionyl chloride or bromide 
(Levene and Mikeska, J. Biol. Chem., 1924, 59, 45; McKenzie and 
Tudhope, ibid., 1924, 62, 551) d-8-octanol yields Ievorotatory 
halides. The configurational relationship of these halides to the 
parent d-alcohol is still unsettled, and hence it has not yet been 
decided whether their formation, by means of the reagents 
enumerated above, is attended by a Walden inversion. The reason 
for this is that sign of rotation and configuration do not go hand in 
hand. For example, di-d-8-octyl sulphite is levorotatory (Hunter, 
J., 1924, 125, 1391), although by its mode of preparation it must be 
considered to have the same configuration as d-8-octanol.* 

By the aid of two chemical methods, which could apparently be 
utilised to determine the relative configurations of any optically 
active secondary alcohol and its halides, evidence has now beet 
obtained that d-8-octanol has the same configuration as the dextro- 
rotatory 8-halogenated octanes. The principle underlying both 
methods is the conversion of a derivative of the optically active 
alcohol into (a) the alcohol or a carboxylic ester of the alcohol, 
(b) a halide, by closely similar reactions. The assumption is made 
that since the alcohol (or ester) and the halide are produced under 

* Dextrorotatory f-octanol is referred to as d-f-octanol. Derivatives of 
this alcohol having the same configuration are considered to have a d-col 
figuration. 
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similar experimental conditions, by reactions of the same type, they 
have the same configuration. Further, if the configuration of the 
derivative used, relative to that of the optically active alcohol, is 
known, then, should a Walden inversion occur, it can be detected. 

In the reactions to be discussed this is possible, since the 
derivatives of d-f$-octanol used—the p-toluenesulphonyl and 
dl-p-toluenesulphiny! derivatives—can be prepared by the following 
methods which ensure that these esters have a d-configuration. The 
sulphinic ester is prepared by the interaction of dl-p-toluenesulphinyl 
chloride and d-$-octanol in the presence of pyridine (Phillips, J., 
1925, 127, 2565) : 


: a 8 OG C. 
CH, CH, 0—-S-C,H, 
oa 


fe 
OO 
CH \O—SC,H, 


During this interaction, only the hydrogen atom of the hydroxyl 
group is replaced and the valencies of the asymmetric carbon atom 
can be assumed to remain undisturbed. Similarly, it is very 
improbable that these valencies will be disturbed during the oxid- 
ation of the sulphinic ester to the sulphonic ester, since this change 
only involves. the addition of an oxygen atom to the sulphur atom. 
The d-8-octyl dl-p-toluenesulphinate and p-toluenesulphonate pre- 
pared from-d-§-octanol by these methods have therefore a d-con- 
figuration. They are both dextrorotatory. 

Method 1. The Conversion of d-8-Octyl p-Toluenesulphonate 
into 1-8-Octyl Acetate and Levorotatory §-Chloro-octane.—When 
heated under reflux with alcoholic solutions of potassium acetate 
and potassium benzoate, d-f$-octyl p-toluenesulphonate yields 
8-octyl acetate and $-octyl benzoate which are both levorotatory 
(Phillips, loc. cit., p. 2565). It can be concluded that a Walden 
inversion occurs during the preparation of these esters, since d-8- 
octanol gives a dextrorotatory acetate on treatment with acetic 
anhydride (Pickard and Kenyon, J., 1914, 105, 830) and a dextro- 
rotatory benzoate with benzoyl chloride and pyridine (Kenyon and 
Pickard, J., 1915, 107, 121). 

The regularity with which the p-toluenesulphonates of optically 
active secondary alcohols yield esters of opposite configuration with 
salts of carboxylic acids is very striking. It was demonstrated for 
the first time with d-benzylmethylcarbinyl p-toluenesulphonate 
(Phillips, J., 1923, 123, 44), and the p-toluenesulphonates of ethyl 
d-lactate (Kenyon, Phillips, and Turley, J., 1925, 127, 399), of 
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l-menthol (Phillips, loc. cit., p. 2566), and of the «- and 6-methyl. 
cyclohexanols (Gough, Hunter, and Kenyon, J., 1926, 2052) have 
since been shown to react in a similar manner. 

Kenyon, Phillips, and Turley (loc. cit.) also found that the dextro. 
rotatory p-toluenesulphonate of ethyl lactate gave levorotatory 
a-halogenated propionates with alkali halides and Grignard reagents 
and suggested that, as in the case of the acyl derivatives, the 
formation of these halogen derivatives was attended by a Walden 
inversion. 

It has now been found that d-8-octyl p-toluenesulphonate * reacts 
in alcoholic solution with lithium chloride to form a levorotatory 
8-chloro-octane and hence this sulphonic ester (as indicated in the 
scheme below) can be converted into a levorotatory acetate and 
chloride by reactions of the same ar 


l- 


Licl 
“eH >C<y <—O Cflpocil ‘S0,-C,H, 
a, °-17-68° 2, +.8-20°° 
L. 


. “tC CO- CH, 
all” —5-64° 
Apart from the unsaturated nature of the acetate ion, as opposed 
to the saturated nature of the chlorine ion, there is no obvious 
reason why the reaction of the ester with lithium chloride should 
follow a different course from that which it follows with potassium 
acetate. This being so, it can be concluded that the levorotatory 
8-chloro-octane is formed with inversion of configuration and there- 
fore has the same configuration as /-8-octanol. 

Method 2. The Conversion of d-8-Octyl dl-p-Toluenesulphinate 
into 1-8-Octanol and Levorotatory 8-Chloro-octane.—It has long been 
known (Otto, Annalen, 1867, 141, 372; Otto and Trager, Ber., 
1891, 24, 485) that p-toluenesulphinic acid reacts with halogens 
according to the equation 

C,H,SO,H + X, = C,H,SO,X + HX. 

Analogous reactions have now been found to take place when 
p-toluenesulphinic esters are treated with aqueous solutions of 
(a) hypochlorous acid, (5) chlorine : 

oh—s C—7,H_,"S0,Cl + ROH 
Oi OOgh aa Pot le ode 
oO C,H,SO,Cl + RCI. 
* To avoid confusion, in the theoretical portions of this paper it is assumed 


that d-B-octanol and its derivatives were always studied. Actually in many 
of the experiments”/-8-octanol and its derivatives were used. 


bar as on 
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These reactions thus provide a means of converting the sulphinic 
ester of an optically active alcohol into the parent alcohol and its 
chloride by reactions of the same type. 

In the scheme below are recorded the experimental results 
obtained with d-8-octyl dl-p-toluenesulphinate. 


. 00 "oH SS H 1. 0,H,S0,Cl 
C,H “hee = it — 6- “” 
H 0-SO-C,H 
a - 24-16° , abe is a CHS oS + C,H,SO,Cl 
— 26-28° 


The formation of /-6-octanol by the interaction of this sulphinic 
ester and hypochlorous acid proves conclusively that a Walden 
inversion has taken place, since d-$-octyl dl-p-toluenesulphinate has 
the same configuration as d-8-octanol. It can be concluded, there- 
fore, that the production of levorotatory $-chloro-octane by the 
interaction of the sulphinic ester with chlorine is also attended by a 
Walden inversion and hence that d-6-octanol has the same configur- 
ation as dextrorotatory §-chloro-octane. This is the conclusion 
also reached from a consideration of the results given by the sul- 
phonate method. The fact that two widely different experimental 
methods lead to the same conclusion increases considerably the 
inherent probability that it is correct. 

The conversion of d-$-octanol into I-8-octanol by the action of 
hypochlorous acid on d-§-octyl dl-p-toluenesulphinate adds a new 
method to those already available by means of which optically 
active secondary alcohols may be interconverted. The older 
methods are the sulphonate method of Phillips (loc. cit.) and the 
method of McKenzie and Clough (J., 1913, 103, 687) which is 
applicable when a phenyl group is directly attached to the asym- 
metric atom. 

A comparison of the action of halogens and of hypochlorous acid on 
d-8-octyl d-p-toluenesulphinate and 1-6-octyl J-p-toluenesulphinate 
has not yet been made. The experiments now recorded were made 
on a d-8-octyl ester prepared by the method most likely to yield 
the compound owing none of its optical activity to the p-toluene- 
sulphinoxy-radical. The results obtained have not therefore been 
influenced by the presence of an asymmetric sulphur atom in the 
sulphinic ester molecule. 

It is unlikely that the action of halogens on d-8-octyl dl-p-toluene- 
sulphonate is greatly modified by variations in experimental con- 
ditions, since in chloroform solution chlorine and bromine give rise 
to halides which are also levorotatory. The rotatory power 
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(a53) Of the §-chloro-octane thus prepared, and the rotatory 
powers of other 8-chloro-octanes prepared during the course of this 
investigation and also by other workers using different methods, are 
recorded in Table I. 
TABLE I. 
Observed rotatory 
power of d-8-chloro. 
Method of preparation of octane obtained 
Authors. d-B-chloro-octane. 


P. and K. HCI on I-alcohol. 
McK. and T. SOCI, on l-alcohol. 
In presence of pyridine. 
L. and M. SOCI, on /-alcohol. 
H., K., and P. In absence of pyridine. 
oe LiCl on l-sulphonic ester. 
ée Cl, + water on l-sulphinic ester. 
a Cl, + chloroform on /-sulphinic 
ester. 


The reaction between /-$-octanol and thionyl chloride in the 
absence of pyridine has been studied and from the value of the 
rotatory power of the 6-chloro-octane obtained (a«%., + 31-0°) 
it can be seen that the presence of. pyridine does not influence the 
magnitude of the rotatory power of the resulting §-chloro-octane, 
The rotatory powers of this compound prepared by the methods 
now described are somewhat low. The cause of this loss of rotatory 
power is unknown, but it may be associated with the fact that 
octylene is a by-product of both reactions. 

In the interaction of d-8-octyl dl-p-toluenesulphinate with halogens 
and hypochlorous acid, octylene is formed in appreciable quantities. 
Its formation accounts for the presence of octane dihalides amongst 
the products of this interaction and possibly also for the presence 
of small quantities of other by-products which have not been 
identified. Since both chlorine and hypochlorous acid are oxidising 
agents, it was thought possible that some of the products obtained 
may have been derived from d-8-octyl p-toluenesulphonate produced 
by the oxidation of the sulphinic ester. It was found, however, 
that both chlorine and hypochlorous acid are without action on the 
sulphonic ester under the experimental conditions employed. 

From the standpoint of the Walden inversion, these reactions of 
sulphinic esters are of particular interest. Investigations of the 
optical properties of p-toluenesulphinic esters (Phillips, loc. cit.) 
have provided experimental evidence that the constitution of the 
p-toluenesulphinoxy-radical can be indicated by a formula such as 
(I) and it is therefore probable that with, for example, chlorine, 
d-8-octyl dl-p-toluenesulphinate would combine to form an inter- 
mediate complex in which the sulphur atom is quadrivalent (IJ). 
It is this intermediate complex which dissociates to give (-chloro- 
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octane and p-toluenesulphonyl chloride. It is possible that inter- 
mediate complexes of analogous constitution are formed during the 


- CeHys 0 - CoH; H Ou. 
CH,“ OxS*C,H, ~*~ CH, O*%8*C,H, 
+ a’ “a 


other reactions leading to the formation of @-chloro-octane. For 
example, the intermediate complexes formed during the interaction 
of hydrogen chloride and of 8-octanol and of lithium chloride and 
3-octyl p-toluenesulphonate could be formulated as in (III) and 
(IV). 


(II.) 


Lit 


CHie., if 0 bigger ey. 
(II1.) Set OO (IV.) 
CH,“ _ \O—H aa z oS NBi ar 
a Cl ++ 


These formule suggest that the linkage between the negative 
radical and the asymmetric carbon atom is weakened by the con- 
version of the negative radical into a group which carries an excess 
positive charge. When this positive group leaves the complex as a 
neutral compound, it takes away two electrons from the octet of the 
asymmetric carbon atom. It is possible that the Walden inversion 
occurs during this process, i.e., prior to the addition of the chlorine 
ion to the carbonium ion. On the other hand, the addition of the 
chlorine ion to the asymmetric carbon atom may occur simultan- 
eously with the withdrawal of the positive group, but on the opposite 
side of the asymmetric complex, as suggested by Gadamer (Chem.- 
Zig., 1912, 36, 1327) and. Lowry (Deuxiéme Conseil de Chemie 
Solvay, 1925, 40). 


A Review of Previous Work bearing on the Relative Configurations of 
d-8-Octanol and its Dextrorotatory Halides. 


The conclusion that d-f-octanol and its dextrorotatory halides 
have the same configuration agrees with that drawn by Pickard 
and Kenyon (loc. cit.) from the fact that the rotatory powers of 
dextrorotatory $-bromo-octane fitted the characteristic diagram of 
d-8-octanol and its derivatives, but did not fit the characteristic 
diagram of J-8-octanol and its derivatives. Levene and Mikeska 
(loc. cit.; see also Levene, Chem. Reviews, 1925, 2, 205), however, 
have put forward the view that. d-$-octanol has the same con- 
figuration as the levorotatory halides, basing this conclusion on the 
following observations. The change C,H,,,OH-——+ C;H,,Br is 
accompanied by a change of sign of rotation, as is also the change 
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C,H,,,SH —~> C,H,,"SO,H. Since no change in configuration can 
be assumed to occur during the oxidation of the thiol group, it is 
assumed that the reversal in sign of rotation is due to the change in 
polarity of the group attached to the asymmetric carbon atom. 
Levene and Mikeska ‘state that since the change in polarity 
-OH—-+>~Br is similar to the change -"SH—~>~SO,H, it can 
be inferred that the reversal in sign of rotation is due to this change 
in polarity and not to any configurative change of the molecule. 
Rule (J., 1924, 125, 1121) has shown that such changes in the polarity 
of groups attached to an asymmetric carbon atom do undoubtedly 
influence the magnitude of the optical rotation of the compound. 
It is, however, difficult to conceive on what theoretical grounds 
Levene and Mikeska conclude that the change -OH —— —Br is 
commensurate with the change ~SH—-+>~-SO,°OH. In recent 
years the relative polarities of groups have received considerable 
attention. It has been shown that the polarities of groups can be 
determined by various methods, including the orienting influence 
which they exert on aromatic substitution, their influence on the 
specific inductive capacities of compounds, such as EtX and PhX, 
and by their influence on the dissociation constants of substituted 
acetic (or benzoic) acids. Francis, Andrews, and Johnson (J. Amer. 
Chem. Soc., 1926, 48, 1624) have also pointed out that if a series of 
monosubstituted benzenes, PhX, is arranged in accordance with 
Holleman’s series for diminishing op-orienting power, the m. p.’s 
and b. p.’s fall through the op-series and rise through the m-series, 
and a similar relation exists for the compounds of the type HX. If, 
now, the group ~SH be inserted in this series, its position being fixed 
by the b. p. (—61°; Steele and Bagster, J., 1910, 97, 2607) and 
m. p. (—82°; Bagster, J., 1911, 99, 1222) of hydrogen sulphide, the 
following series is obtained : 
Negative, op-orienting. Positive, m-orienting 

OH, NH,, SH, Br, Cl, CH;, H. _ CHO, NO,, 8O,H, CO,H. 
From a consideration of this series it can be concluded that OH is 
more negative than SH, which is more negative than Br or Cl. On 
the other hand, the SO,H group is a positive group and hence the 
change SH ——> SO,H is, from the point of view of polarity, a far 
greater change than that of OH —~> Br. 

It is possible to question not only the validity of the assumption 
of Levene and Mikeska, but also their experimental technique. The 
rotatory power of the $-octyl mercaptan was determined in the 
homogeneous state, whereas that of the acid was determined in 
solution. It is well known, however, that both the magnitude and 
the sign of rotation of an optically active compound are dependent 
on the experimehtal conditions under which it is examined. For 
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example, d-8-octyl acetate has [M], + 11-7° in the homogeneous 
state and [M], — 15-4° in solution in carbon disulphide (Pickard 
and Kenyon, loc. cit.). 

In these circumstances it is justifiable to maintain the conclusion 
that d-8-octanol has the same configuration as its dextrorotatory 
halides. It then follows that during the changes 


OH H = OF Br 4%, =©0,H H 
CH, ““on —2-> tH C< a 2 “CHO <on 
d- I. d. 


realised by Pickard and Kenyon (Ber., 1912, 45, 1592), from which 
the d-8-octanol was recovered with little loss of rotatory power, two 
complete inversions of the configuration of the asymmetric molecule 
occurred, and therefore the change C,H,,Br —-> C,H,,"OH is also 
accompanied by a Walden inversion. Evidence is thus forthcoming 
that many reactions take place with inversion of configuration and 
this appears to necessitate a changed attitude towards the Walden 
inversion. It is suggested that, far from being a comparatively 
rare phenomenon, it occurs whenever a group attached to an 
asymmetric carbon atom is replaced, unless a phenyl group is directly 
linked to the asymmetric carbon atom or a carboxyl group is present 
in the molecule. These disturbing factors may, however, lead to 
the occurrence of two inversions during the replacement. Whether 
this is actually the explanation of these exceptions will be the subject 
of future communications. 


EXPERIMENTAL. 


Preparation of Esters of p-Toluenesulphinic Acid by Frankland and 
Aston’s Method.—Ethyl dl-p-toluenesulphinate. The method devised 
by Frankland and Aston for the preparation of ethyl tartrate was 
more convenient and gave better yields of ethyl dl-p-toluenesul- 
phinate than the methods described by Phillips (loc. cit.). Moist 
ethyl alcohol was continuously distilled from a solution of anhydrous 
p-toluenesulphinie acid (65 g.) in ethyl alcohol (200 c.c.) into the 
“drying” flask containing freshly ignited potassium carbonate 
(100 g.) and ethyl alcohol (200 c.c.). From this drying flask the 
alcohol was continuously returned by distillation to the “‘ reaction ”’ 
flask containing the alcoholic solution of the acid. A steady inter- 
change of ethyl alcohol was maintained between the two flasks for 
4—5 hours. The contents of the reaction flask were then poured into 
water and the ethyl dl-p-toluenesulphinate which separated was 
extracted with ether. The ethyl dl-p-toluenesulphinate (63 g.) 
isolated from the dry ethereal extract had b. p. 75—76°/<0-1 mm. 
and n# 1-5309. If, during the preparation, the “ reaction ” flask 
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was heated too strongly (above 125°) or for longer than 5 hours, the 
ester obtained was contaminated with di-p-tolyl disulphoxide. 

Methyl p-toluenesulphinate (27 g.), b. p. 82—85°/<0-1 mm., n3" 
1-5436, was prepared by a similar method from p-toluenesulphinic 
acid (100 g.) and methyl alcohol. 

l-8-Octyl dl-p-toluenesulphinate (10 g.), n3" 1-5038, «33, —28-2° 
(1 = 1-0), was prepared by this method, the reaction mixture of 
l-8-octanol (10 g.) and p-toluenesulphinic acid (20 g.) being diluted 
with benzene, which during distillation carried the water formed in 
the reaction flask into the drying flask. The method, however, 
proved unsuitable for the preparation of the large quantities of 
l-8-octyl dl-p-toluenesulphinate required for this research. This 
ester was therefore prepared by heating together equimolecular 
quantities of J-8-octanol and ethyl dl-p-toluenesulphinate as de. 
scribed by Phillips (loc. cit.), where it was shown that this method 
caused no inversion or loss of rotatory power of the optically active 
8-octyl radical, and gave an ester of the same configuration as that 
given by p-toluenesulphiny] chloride. 

The Interaction of Optically Active-B-Octyl dl-p-Tolwenesulphinate 
with Chlorine, Bromine and Hypochlorous Acid.—(a) With chlorine in 
chloroform solution. A slow stream of dry chlorine was passed for 
1-5 hours into a solution of 1-6-octyl dl-p-toluenesulphinate (15 g.) 
(a3, —28-18° (2 = 1-0), n¥° 1-5054] in chloroform (65 c.c.), and after 
6 days the solution was distilled in a current of steam, and the 
distillate extracted with chloroform. The product obtained from 
the dried extract, on fractional distillation, gave fraction I, b. p. 
65—75°/20 mm., which contained chlorine and had az, +13-6° 
(i = 1-0), n®° 1-4606; fraction II, b. p. 80—105°/20 mm. (mainly 
100° /20 mm.), which contained chlorine and had «3;,, +15-2° (I=1-0), 
n5 1-4563; fraction III, b. p. 110—125°/20 mm. (mainly 125° 
20 mm.), which contained a little sulphur besides chlorine and had a5; 
+15-32° (tJ = 1-0), n® 1-4662; and fraction IV, b. p. 130—145°/ 
20 mm., which contained more than a trace of sulphur besides 
chlorine and had «25;, +10-56° (l = 1-0), n®° 1-4869. 

Fraction I was d-$-chloro-octane containing some dichloro- 
octane. The higher-boiling fractions (II, III, and IV) consisted 
of more highly chlorinated 8-chloro-octanes, as they were similar 
to the products obtained in experiments described below. 

Action of chlorine on octylene. Hydrogen chloride was evolved 
when chlorine (4:8 g.) was passed into a solution of octylene (6 g.) in 
carbon tetrachloride (15 c.c.). The solution was freed from chlorine 
and hydrogen chloride, the solvent removed, and the product 
systematically fractionated. The largest fraction obtained, fraction 
I, which was dichloro-octane, had b. p. 90—115°/21 mm., % 
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14509 : more highly chlorinated products made up fraction II, b. p. 
115—135°/22 mm., nf 1-4691, and fraction III, b. p. 135—155°/ 
22 mm., n} 1-4820. This experiment was repeated, except that 
only sufficient chlorine (3-8 g.) was passed into a solution of octylene 
(56 g.) in carbon tetrachloride to convert the octylene completely 
™ into dichloro-octane. Side reactions again occurred, however, 
and in addition to dichloro-octane, b. p. 93—95°/22 mm., nj" - 
14507 (6-5 g.), a higher-boiling fraction was obtained, b. p. 95— 
120°/22 mm., ni" 1-4606. 

(b) With chlorine water. d-B-Octyl dl-p-toluenesulphinate (48 g.) 
(am, +24-16° (l= 1-0), nf 1-5071), prepared from /-f-octanol 
(ax,, +9-46° (1 = 1-0)}, was shaken with a solution of chlorine 
(11-55 g.; 0-91 mol.) in water (1750 c.c.). This solution of chlorine 
was prepared by passing the gas into water at 0° and was used 
immediately its concentration had been determined. The chlorine 
was at once absorbed and p-toluenesulphonyl chloride crystallised 
from the mixture, which was subsequently distilled in steam. The 
distillate was extracted with ether, and the product obtained from 
the dried extract systematically fractionated. After the removal of a 
small quantity of octylene, three fractions were isolated: Fraction I 
(7 g.), b. p. 72+74°/27 mm., n®’ 1-4271, a, —25-56° (I = 1-0), 
which was mainly /-$-chloro-octane; fraction II, b. p. 75—95°/ 
27 mm.; and fraction III, b. p. 95—110°/27 mm. The /-8-chloro- 
octane (fraction I) was redistilled and was finally obtained having 
b. p. 68—69°/22 mm., nf 14271, and a, —26-28° (J = 1-0). 
Fractions II and III were again distilled and separated into fraction 
(a), b. p. 69—90°/22 mm., nF” 1-4286, a3, —16-64° (7 = 1-0); fraction 
(b), b. p. 90—105°/22 mm., nF 1-4451, aj, —O-81° (J = 1-0); and 
fraction (c), b. p. 10O5—120°/22 mm.., n#" 1-4547, a%f,, —4-84° (1 =1-0). 
These fractions were too small for further investigation. 

(c) With bromine in chloroform solution. Bromine (9 g.) in chloro- 
form (50 ¢.c.) was added to a solution of 1-8-octyl dl-p-toluene- 
sulphinate (15 g.) in chloroform (15 c.c.) at 0°. The product 
obtained, after removal of the dry, bromine-free chloroform, was 
separated by distillation into two fractions : fraction I (7-5 g.), b. p. 
75—80°/20 mm.; fraction II (2-7 g.), b. p. 110—115°/ 20 mm. 
Fraction I was d-8-bromo-octane and after repeated distillation 
was finally obtained with b. p. 76—77°/18 mm., aj, -+24-6° 
(|= 1-0), n®* 1-4398. Fraction II, dibromo-octane, was obtained 
on redistillation with b. p. 114—116°/20 mm., nj 1-4925, and 
tn +2:16° (J = 1-0) (Found: Br, 58-5. Calc. for C,H,,Br,: 
Br, 58-9%). 

Action of bromine on octylene. Bromine (7-7 g.) in chloroform 
(0 c.c.) was added to a solution of octylene (5-4 g.) in chloroform 
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(15 c.c.) maintained at 0°. The product isolated consisted entirely 
of dibromo-octane, b. p. 114—116°/20 mm. and nZ 1-4935. 

(d) With hypochlorous acid. d-$-Octyl dl-p-toluenesulphinate 
(43 g.) [2s +30-76° (l= 1-0), n® 1-5054], prepared from d-8-octano] 
[a3, +9-63°], was shaken with a solution of hypochlorous acid 
(9-44 g.; 1-12 mols.) in water (200 c.c.). This solution of hypo. 
chlorous acid was prepared by the method described in ‘“ Organic 
Syntheses,” Vol. V, p. 31, and its concentration determined in. 
mediately before use. After the ester had been shaken with the acid 
for 45 minutes, the emulsion obtained was cooled in ice; p-toluene. 
sulphonyl] chloride (9 g.), m. p. 70°, then crystallised. The filtered 
solution was distilled in steam for 20 minutes. The non-volatile 
residue was extracted with ether : it consisted of d-8-octyl p-toluene- 
sulphonate (10 g.) and had «j%, +7-64° (J = 1-0) and nj 1-487]. 

The steam distillate was extracted with ether, and the product 
systematically fractionated, three main fractions being obtained: 
fraction I (2-6 g.), b. p. 35—40°/22 mm., which rapidly decolorised 
bromine water and consisted of octylene; fraction II (0-8 g.), b. p. 
68—72°/22 mm., which after redistillation had nf 1-4255 and «x, 
—24-36° (l= 1-0) and was /-8-chloro-octane; and fraction III 
(5-6 g.), b. p. 82—86°/22 mm., which was /-8-octanol and had ai, 
—7-0° (/= 1-0). This /-8-octanol was further purified by redistill- 
ation. It was obtained with n7° 1-4273, «%;, —6-44° (1 = 1-0), and 
was now pure, since on further distillation it (2 g.) had nj 1-4270 
and «j;, —6-60° (J = 1-0). 

This experiment was repeated with d-8-octy] dl-p-toluenesulphinate 
(20 g.) [a2 +26-53° (1 = 1-0), n%* 1-5086] and a solution of hypo- 
chlorous acid (4 g.; 1-02 mols.) in water (132 c.c.). The products 
obtained were similar, being (a) impure octylene, b. p. up to 40°/ 
17 mm., nis" 1-4148, (b) 1-8-chloro-octane, b. p. 56—63°/16 mm., nj 
1-4255, aff, —12-4° (1 = 1-0), and (c) /-8-octanol, b. p. 77—83°/ 
15 mm., nj" 1-4300, af, —7-28° (1 = 1-0). 

In order to prove that the products described above did not arise 
from $-octyl p-toluenesulphonate, into which it was possible that the 
sulphinic ester might have been converted by the hypochlorous acid, 
d-8-octyl p-toluenesulphonate (10 g.) was treated in an identical 
manner with 66 c.c. of the same hypochlorous acid solution. After 
shaking, the mixture was distilled in steam. No volatile products 
were obtained. 

Similarly, in order to prove that the products did not arise by the 
interaction of 8-octanol and hypochlorous acid (the 8-octanol arising 
owing to hydrolysis of the sulphinic ester under the conditions of the 
experiment), d-8-octanol (10 g.) was shaken with 66 c.c. of a solution 
of hypochlorous acid. The mixture was distilled in steam, and the 
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alcohol isolated with ether. It had undergone some change, since it 
could be separated by distillation into two fractions: fraction I, 

b. p. 60—72°/17 mm., ag. +3-32° (1 = 1-0), nZ 1-4194, and fraction 
II, b. p. 75—83°/17 mm., «3, +7-08° (1 = 1-0), nj 1-4260. This 

result is consistent with the view that the d-8-octanol was either 
partly oxidised to the corresponding ketone and/or partly converted 

into /-8-chloro-octane. The amount of reaction which occurred was, - 
however, small and the nature of the products obtained clearly proves 

that in the experiment in which d-8-octyl dl-p-toluenesulphinate was 

used the /-6-chloro-octane and /-8-octanol produced were derived 

from the interaction of the sulphinic ester with hypochlorous acid. 

The Interaction of d-8-Octyl p-Toluenesulphonate and Lithium 
Chloride.—d-6-Octyl p-toluenesulphonate (13 g.) [cjg -+ 8-20° 
(| = 1-0), n%” 1-4940], prepared from d-8-octyl di-p-toluenesulphinate 
by oxidation with potassium permanganate (Phillips, loc. cit., p. 
2586), was heated under reflux for 30 hours with a solution of lithium 
chloride (6-5 g.) in ethyl alcohol (50 c.c.). The reaction mixture was 
poured into water and the oily product which separated was 
isolated with ether. It consisted almost entirely of /-6-chloro-octane 
which, after repeated distillation was obtained (2-5 g.) with b. p. 
70°/26 mm., «2%, —17-68° (1 = 1-0), and nf” 1-4262. 

Interaction of d-8-Octanol and Thionyl Chloride—d-6-Octanol 
(10 g.) [u2%, +9-63° (1 = 1-0)], dissolved in three volumes of light 
petroleum, was slowly added to a solution of freshly distilled thionyl 
chloride (30 g.) in an equal volume of light petroleum maintained at 
0°. After removal of the light petroleum in a vacuum at the ordinary 
temperature the residue was repeatedly distilled; it then gave 
|.8-chloro-octane, b. p. 68°/22 mm., nj” 1-4267, «3%, —36-68°, az, 
—31-0° (J = 1-0). 

The authors wish to express their thanks to the Royal Society and 


to Imperial Chemical Industries, Ltd., for grants which have defrayed 
much of the cost of this investigation. 
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CCXXVI.—The Decomposition of Carbon Monoxide in 
the Silent Electric Discharge. Part III. 


By Ropert WINSTANLEY Lunt and Leonarp SipNEY MuMrForD. 


THE continuation of the experiments described in Parts I and II 
of this series (J., 1925, 127, 2052; 1927, 857) has led to an accumul- 
ation of information relating both to the unresolved controversy 
between Berthelot (Compt. rend., 1890, 110, 609, 684) and Schutzen- 
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berger (ibid., pp. 560, 681; 111, 14) on the formation of the brown 
solid known as Brodie’s suboxide by ozoniser discharges in carbon 
monoxide, and to the recent contention of Ott (Ber., 1925, 58, 
772; J., 1928, 1378) that this brown substance is identical with 
polymerised malonic anhydride (carbon suboxide, C,Q,). 

The first analyses of the brown solid were made by Schutzen. 
berger, who found that at least 1:5% of hydrogen was always 
present despite elaborate precautions to dry the monoxide from 
which the solid had been produced. He also observed that the 
velocity of decomposition became exceedingly slow when dry 
mereury was used instead of aqueous electrolyte for the electrodes, 
and that the decomposition could barely be effected with electrodes 
of metal foil. He concluded that the presence of water was essential 
to the decomposition, and that, under the influence of the electric 
field, either hydrogen or water was transported through the glass 
containing walls to the reaction space. The slight decomposition 
observed in experiments with metallic electrodes was consequently 
attributed to traces of water initially in the apparatus. 

Schutzenberger’s analyses also indicated an excess of oxygen, 
much greater than the equivalent of the amount of hydrogen found, 
and a deficit in the amount of carbon. Whén the monoxide was 
replaced by nitrogen no water was found after six hours’ discharge. 
These results were thought to establish that oxygen and hydrogen 
only were transported into the reaction space, where the hydrogen 
combined with the monoxide, and that carbon was transported 
outwards. In the experiments with nitrogen, however, no attempts 
were made to prove the entry of oxygen and hydrogen into the 
reaction space. 

It is interesting to note that Schutzenberger’s hypothesis may 
have been suggested by Warburg’s discovery some years previously 
of the electrolytic transport of sodium through the walls of a highly 
evacuated glass bulb (Wied. Ann., 1884, 21, 622; 1890, 40, 1). It 
will be shown that the production of malonic anhydride (carbon 
suboxide) during the decomposition of carbon monoxide in the 
discharge affords a satisfactory explanation of Schutzenberger’s 
results. 

Berthelot criticised the work of Schutzenberger on the ground 
that the presence of water was due to the insufficient drying of the 
initial reactant and of glass and mercury surfaces; he held that the 
extremely hygroscopic nature of the solid product accounted for its 
water content, and discountenanced Schutzenberger’s hypothesis, 
but he omitted to discuss the results which were thought to establish 
the ‘‘ electrolytic transport” of oxygen and of carbon through the 
ozoniser ‘wails. 
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Meyer reinvestigated Schutzenberger’s claim in 1913 (Ber., 46, 
1110), using water electrodes, and hydrogen in place of carbon 
monoxide. He. found that the amount of water which was trans- 
erred through the walls of the ozoniser, if any, did not exceed 
)}0001 g. in 5 hours; this is approximately 1/100 of the amount 
reported by Schutzenberger. 

Experiments have, therefore, been carried out to determine the 
influence of the nature of the electrodes on the velocity of decom- 
position, in which both mercury and electrolyte electrodes were 
employed with the same ozoniser, care being taken to ensure that 
the condensation in each case took place under identical electrical 
conditions. Analyses of the products of decomposition were made 
in order to establish that this process can occur in the absence of 
water. In order to obtain.a true estimation of the water actually 
present in the solid and not that absorbed during its manipulation, 
it is essential that the combustion of the solid must be effected 
without removing it from the ozoniser; for this purpose a new 
type of ozoniser has been devised. 


ExPERIMENTAL. 


The general disposition of the apparatus was identical with that 
described in Part II of this series, with the addition of phosphoric 
oxide tubes in the outlet tube of the circulator in order to ensure 
the dryness of the gas returning to the main system: the reaction 
vessel and the apparatus immediately adjoining it were, however, 
of a different type and are shown in Fig. 1. 

The vessel B, which contained the gas while it was subjected to 
the discharge, was a Siemens type of-ozoniser, constructed of soft 
glass, in which it was possible to effect the combustion of the brown 
solid produced therein. In all experiments the inner electrode 
served as the» high-tension .electrode, the outer electrode being 
earthed and also water-cooled. The dimensions of the ozoniser 
were: length, 45-7 cm.; external diameter of outer and inner 
tubes, 2-54 and 1-7 cm., respectively. Heating of the ozoniser 
during baking-out processes and combustions was effected by a 
cylindrical furnace which could be slipped over it from beneath. 
The furnace consisted of a tube of fire-clay, wound on the outside 
with nichrome wire and placed in a tin case packed with asbestos ; 
its temperature was measured by means of a platinum—platinum- 
thodium thermocouple. 

As in the former experiments, an automatic Sprengel pump 
circulated the gas continuously through the discharge, the gas on 
leaving the reaction vessel being led through the trap A which could 
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be immersed in liquid air, and then to the circulator. A mercury 
manometer, M, was attached to the system as before. 

Oxygen-free carbon monoxide was produced by the method 
described previously, in which recrystallised formic acid was allowed 
to drop into an evacuated flask containing warm concentrated 
sulphuric acid. The gas was passed over solid caustic potash and 
phosphoric oxide and was finally stored under pressure over dry 
mercury. 

The electrical technique was identical with that described in 
Part I of this series. 

Fie. 1. 
Circulating gases enter this apparatus at b and leave at a. 














SF 


Reaction-velocity Experiments.—The whole of the apparatus from 
the manometer to the gas container was continuously evacuated for 
several hours by means of an oil pump connected through several 
phosphoric oxide tubes to the tube y, the ozoniser being heated to 
400°: the vacuum was then tested over 24 hours. In order to 
ensure the dryness of all the gas admitted.to the apparatus, the 
following procedure was adopted. The trap A was immersed in 
liquid air and tap 7, closed ; a small amount of carbon monoxide 
was then allowed to enter via tap 7', from the gas holder. This 
gas had been in contact with phosphoric oxide for some time and 
was allowed to remain in A for some minutes before being admitted 
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(via T,) to the ozoniser and manometer section. When pressure 
equilibrium had been attained, tap 7’, was closed and the process 
repeated until the apparatus was filled with monoxide at a pressure 
approximating to 500 mm. at room temperature. The electrolyte 
levels, which unavoidably altered slightly during an experiment, 
were adjusted as carefully as possible in order to obtain constant 
initial electrode dimensions. The voltage was maintained constant 
by frequent adjustment of the governing resistances, but fluctu- 
ations of the order of 2$°% in the main supply were unavoidable. 

The pressure was recorded at one-minute intervals for the first 
15 minutes, and thereafter at longer intervals. The results are 
shown in Table I, the electrode material for Expts. I, II, and III 
being dilute sulphuric acid, and for Expt. IV dry mercury: the 
experiments were carried out successively without removing the 
solid produced. 

TaBLeE I. 


Potential applied to reaction vessel, 8-0 kilovolts, r.m.s. 


Time Time 
(mins.). I. II. Hi. (BV; (mins.). I. II. Ill. IV. 


Pressure (mm.). Pressure (mm.). 


0 504-5 502-5 505-0 505-9 25 469-0 466-1 466-2 475-0 
5 500-0 497-5 500-0 501-0 30 462-0 460-0 459-1 469-0 
10 490-5 489-0 490-5 495-0 45 446-0 444-0 443-0 451-0 
15 483-0 481-5 482-3 488-0 60 (435-5) 432-0 430-1 435-0 
20 «=476-0 473-5 473-5 481-3 75 422-5 423-9 421-0 423-0 


It will be seen that, despite the difficulty of obtaining identical 
conditions for these experiments, the results indicate that the 
velocity is independent of the nature of the electrode. This is in 
agreement with the results of Berthelot, and the contention of 
Schutzenberger that the velocity is specific to the electrode material 
must therefore be attributed to variations in the potential applied 
to the electrodes, a quantity which neither author attempted to 
measure. 

These experiments also show that with mercury or with elec- 
trolyte electrodes, carbon monoxide, dried finally by slow passage 
through a spiral immersed in liquid air, decomposes readily in the 
ozoniser. Since the ozoniser had been evacuated at 400° previous 
to Expt. I, the only water present is that combined in the glass of 
the ozoniser and that carried over from the liquid-air trap. Unless 
it be assumed that the discharge liberates water from the glass, it is 
clear that decomposition takes place in the presence of an amount 
of water exceedingly small compared with that cited by Schutzen- 
berger as essential to the decomposition. 

Prolongation of the discharge revealed points of some interest : 
after the first 90 minutes, the pressure—time curves begin to diverge 
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slightly, the condensation velocity in each successive experiment 
being slightly greater than in the previous one. This phenomenon 
may be connected with the observation that in these experiments 
the brown solid was not deposited on the walls of the ozoniser as 4 
film, as was the case when the streaming method was employed, but 
formed ‘ centres,” and in the succeeding experiments the fresh 
solid was deposited on these nuclei, leaving the clear portions of the 
walls comparatively free from the condensed solid. 

Further, no evidence was obtained for the existence of an equi. 
librium indicated by a cessation of pressure change which has bee 
reported by most previous workers: in Expt. IV, after 18 hour 
discharge, the pressure was still falling at a steady, albeit small, rate, 

It is interesting to note that a difference in location of the external 
“‘ corona ” or purple glow which occurred on the outermost ozoniser 
surface was attendant upon the change in electrode material. In 
Expts. I—III (acid electrodes) the glow occurred at the level of the 
upper surface of the inner electrode, and in Expt. IV (mercwy 
electrodes) at the surface of the outer electrode, although the inne 
electrode was, in all cases, of identical length, its upper surface 
being several cm. above that of the outer electrode. 

Water Content of the Solid Phase——In these experiments, which 
were performed in order to determine the atomic ratio H : C in the 
brown solid resulting from the decomposition of carefully dried 
carbon monoxide, the procedure was as follows. The decomposition 
was carried out at approximately 500 mm. pressure, the gas being 
circulated at about 24 litres per hour. The potash tubes were cut 
out, all condensable gaseous products being collected in the liquid- 
air trap. As the pressure fell, amounts of monoxide were added 
from the calibrated gas holder until a measured volume had been 
used. The final addition was made so that the total pressure was 
about 5% higher than the required final pressure. 

In order to determine the time at which the discharge was to be 
discontinued, i.e., when the measured volume of monoxide had beet 
condensed, corrections were necessary for the actual liquid-air level, 
and for loss of monoxide during circulation. The discharge was 
switched off just before the completion of a run, to allow the ozoniser 
to attain room temperature, and then resumed until the pressutt 
had fallen to the calculated value. 

The liquid-air level correction was determined by plotting the 
pressure of a given volume of gas, which read 500 mm. at a givel 
level, as a function of the liquid-air level. The correction for the 
loss of carbon monoxide was necessitated by the fact that, if the 
monoxide alone was circulated in the system, a small but constat! 
decrease in pressure occurred amounting to 25 mm. in 20 howl 
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The cause of this disappearance is as yet unknown: no dioxide is 
produced in the process, but it was noticed that the walls of the 
outlet tube of the circulator became coated in places by a white film. 

At the finish of a run, the white solid mass in the liquid-air trap 
was allowed to evaporate (via tube 8) successively through a bubbler 
containing about 25 c.c. of a solution of dry aniline (1 vol.) in dry 
xylene (2 vols.), a weighed potash bubbler as used in combustions, 
and lastly, a tube containing soda-lime. The gases were finally 
swept out of the tubes by means of a dry nitrogen stream: a pre- 
liminary test showed that no increase in weight of the potash 
bubbler occurred when a carbon dioxide-free gas was passed through 
the system; hence an estimation of the carbon dioxide produced in 
the reaction could be effected. 

Combustion. The carbon monoxide remaining in the apparatus 
from tap 7’, to tap 7';, together with the nitrogen in the trap, was 
removed by passing through the apparatus a slow stream of oxygen. 
This oxygen, prior to its entry via tube «, was led through strong 
potash solution, concentrated sulphuric acid, a tube containing 
| copper oxide heated to dull redness, several tubes packed with 

phosphoric oxide, and finally a weighed pentoxide tube. A blank 
showed that this last tube suffered no increase in weight after an 
hour’s passage of oxygen. To tube y were attached by means of 
pressure tubing two weighed pentoxide tubes, a combustion tube 
containing 8’’ of heated copper oxide, a potash bubbler, and a soda— 
lime tube. 

The most difficult procedure was the complete removal of the 
acid constituting the inner electrode: neglect to do this effectively 
in the preliminary experiments caused breakage of the ozoniser. 
The difficulties were overcome in the following manner. A length 
of very fine quill tubing was inserted in the inner compartment and 
connected by supported pressure tubing to the water pump; in 
this way the bulk of the acid was removed, the remainder being 
removed by washing out successively with water, alcohol, and ether. 
Finally the tube was completely dried by being maintained at 100° 
in the earlier parts of the combustion, while a gentle stream of dry 
nitrogen was passed through the quill tubing. 

The temperature, as indicated by the thermocouple, was then 
allowed to rise slowly until it reached 400°, at which it was main- 
tained for about an hour. At the end of that time the combustion 
was complete; the current controlling the heating was switched off, 
and the oxygen stream allowed to continue until the ozoniser had 
attained room temperature. 

The desired atomic ratio of the solid could then be calculated 
from the increments in weight of the pentoxide tubes and the 
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potash bubbler. The results of certain experiments are contained 
in Table II. 
TABLE II. 
CO de- co, co, H,O 
composed produced resulting from Ratio, 
Expt. (c.c. at N.T.P.). (g-). combustion (g.). H:C. 
NS 233-0 0-1030 0-3480 0-0114 0-1631 
I 284-7 0-1305 0-3456 0-0079 0-1116 
II 283-1 0-0757(?) 0-3812 0-0005 0-0064 
III 288-6 0-1052 0-3935 0-0048 0-0596 
IV 288-0 0-1102 0-3880 0-0005 0-0063 


S = Schutzenberger’s data. 


An interesting phenomenon occurred during the combustion in 
Expt. I, but was not noticed in succeeding experiments. At 200°, 
a purple-red substance appeared to be condensing in the form of 
liquid drops into the upper part of the ozoniser, i.e., that above the 
furnace ; its colour gradually became black, and then it apparently 
solidified ; finally it was oxidised with the residue inside the furnace 
as the temperature rose. 

Discussion. 


The water content of the brown solid obtained in Expts. II and IV 
has thus been shown to be of the order of 5 x 10+“ g., the corre- 
sponding atomic ratio H:C being 6-3 x 10°. These values are 
extremely small compared with those obtained by previous workers. 
Lunt and Venkateswaran (Part IT, loc. cit.), who carried out com- 
bustions of the solid in the usual manner, obtained values of H:C 
varying from 0-67 to 0-78, whereas those obtained by Schutzen- 
berger were of the order of 0-1; the last author effected estim- 
ations by disconnecting the reaction vessel at the end of a run, 
weighing, and wrapping the whole in platinum foil before inserting 
it in a large tube in which the combustion was done in the ordinary 
way. The high values obtained by previous workers must therefore 
be attributed mainly to the absorption of water vapour from the 
atmosphere during manipulation of the solid. In view of the 
intensely hygroscopic nature of the solid, it is surprising that 
Schutzenberger should obtain a value as low as that quoted. 

The water contents shown in Table II correspond to the decom- 
position of about 300 c.c. of monoxide in a total volume of approxim- 
ately 25 litres of gas which had passed through the discharge. If 
comparison be made with Schutzenberger’s results, it will be seen 
that the amount of water associated with the decomposition is 
1/100 of that which that author thought to be essential, or 1/30 if 
the comparison be made with reference to the total volume of gas 
decomposed in the two cases. Direct evidence thus shows that 
decomposition takes place in the presence of an amount of water 
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exceedingly small in comparison with that held by Schutzenberger 
to be essential. 

It is interesting to consider what amounts of water could have 
been conveyed by the circulating gases to the ozoniser during the 
discharge and in the subsequent manipulation prior to and during 
the combustion. Although the gas initially in the circulating system 
had been previously dried by passage over phosphoric oxide, and 
allowed to enter the ozoniser only after passage through a spiral 
immersed in liquid air, the direction of circulation (see Fig. 1) was 
such that the gas flowed over 1 metre of phosphoric oxide before 
again being fed into the ozoniser: the maximum partial pressure 
of water is therefore that due to the oxide. This has been shown 
by Morley (J. Amer. Chem. Soc., 1904, 26, 1173) to correspond with 
a content of less than 1 mg. of water vapour in 40,000 litres. . The 
velocity of circulation was approximately 24 litres per hour and 
the duration of experiment 10 hours : it is thus clear that no appre- 
ciable amount of water could have been conveyed to the ozoniser 
in this way. Since the carbon monoxide added to the circulating 
stream, viz., 288 c.c., and the oxygen used during combustion, 
viz., 2 litres per hour for 6 hours, were also dried by slow passage 
over a long column of phosphoric oxide before being admitted to 
the ozoniser, it is impossible to ascribe the water content of 5 x 104 
g. to the residual moisture in these gases. 

Since the ozoniser had been previously evacuated at 400°, it is 
extremely improbable that a further evolution of water is produced 
by the thermal effects of the discharge, but the possibility must not 
be overlooked that the electrical discharge itself may effect a further 
telease of the water combined in the glass. The fact that Meyer 
(loc. cit.) showed that no such phenomenon occurred in the case of 
his experiments on hydrogen may be due to his use of a relatively 
weak induction-coil discharge. The action of the more intense 
discharge employed in these experiments is being further inves- 
tigated, for the data now available indicate that this type of dis- 
charge is capable of releasing appreciable amounts of water from the 
glass walls of the ozoniser, since the only remaining source of water 
is that combined in the glass. 

Examination of the Solid Phase—It was decided to carry out cer- 
tain preliminary experiments in order to confirm the properties of 
the brown solid as described by previous workers. Some of the 
solid, prepared and collected as in Part II of this series, was there- 
fore shaken with water and warmed; carbon dioxide was evolved 
and a deep brown, acid solution smelling of caramel was obtained, 

ogether with a dark brown, insoluble residue which could not be 


i er off. After boiling, therefore, the fine insoluble particles 
3N 
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were allowed to settle and the brown solution was decanted off. 
The residue was periodically boiled and agitated with water during 
19 days, at the end of which period the water had assumed a pale 
yellow tinge but the residue had become black. The brown solution 
was also boiled periodically, and it is important to note that during 
each ebullition fine black particles closely resembling carbon separ. 
ated out; after these had settled the solution was decanted off and 
the process repeated; after this treatment had been continued for 
some time the solution gradually attained an eosin-red colour by 
transmitted light. It had also clarified and when diluted was of an 
orange colour. With a series of electrolytes this diluted solution 
formed brown amorphous precipitates, but these redissolved com. 
pletely to give a brown solution, when treated with dilute sulphuric 
acid. 

Experiments were then performed to confirm the identity of the 
acid obtained in the aqueous solution of the solid: after decolor. 
isation, as described by Lunt and Venkateswaran, the solution gave 
the reactions of oxalic acid. By extraction with dry ether ina 
Soxhlet apparatus, the solid resulting from the evaporation to 
dryness of an aqueous solution of 1 g. of the brown solid yielded a 
small quantity of colourless crystals, m. p. 98—99°. In view of the 
similarity of these results to those obtained by previous workers, 
no further evidence seems to be necessary to establish that the 
acid discovered by Brodie is oxalic acid. 

The Production of Malonic Anhydride.—Ott (loc. cit.) described 
the production of unimolecular malonic anhydride, C,0,, by the 
action of the silent electric discharge upon carbon monoxide. He 
did not state the electrical conditions employed, but experiment 
shows that C,0, is produced under the same conditions as those 
obtaining for the experiments of Table II. 

The condensable gases from the discharge were collected in the 
vessel A, cooled in liquid air, and allowed to evaporate, and the 
gases were then driven by a nitrogen stream through a bubbler 
containing a solution of dry aniline in dry xylene; the white flakes 
obtained, when washed with ether and dried, had m. p. 224°, mixed 
m. p. with malonanilide (m. p. 223°), 224—225°. The formation 
of C,O, in the gaseous phase is thus definitely confirmed. 

This discovery sheds interesting light upon the Schutzenberger- 
Berthelot controversy. Schutzenberger found that nearly half of 
the oxygen which was necessary to convert the monoxide into the 
dioxide was not accounted for at the expense of the monoxide con- 
densed ; as the remaining gas was pure monoxide, he concluded that 
this excess oxygen had been conveyed through the glass from the 
exterior under the action of the discharge : but this conception had 
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also to explain the simultaneous disappearance of 8—10 mg. of 
carbon. If it be assumed that unimolecular C,0, was obtained in 
Schutzenberger’s experiments, it may readily be seen that the 
estimation of this substance as carbon dioxide explains the anomalous 
results obtained. For, let the mass of C,0, produced be 2 g., and 
the total mass of gas estimated as CO, be m g., then the apparent 
loss of carbon will be given by the expression : 


12(m — x)/44 + 367/68 — 12m/44. 


Schutzenberger found this to amount to 8 to 10 mg. Solution of 
the equation gives x = 0-039 g. Hence, the apparent introduction 
of oxygen will amount to 0-039(32/44 — 32/68) = 0-0103 g.—a value 
in good agreement with those obtained by Schutzenberger, viz., 
0-:015—0-016 g. 

It would appear, therefore, that the discovery that malonic 
anhydride is produced when carbon monoxide is subjected to the 
action of the silent electric discharge offers a satisfactory explanation 
of the results which gave rise to the protracted controversy between 
Berthelot and Schutzenberger. 

Polymerised Malonic Anhydride.—Diels and Wolff (Ber., 1906, 
39, 689), in announcing their discovery of malonic anhydride, 
pointed out that this substance, whether in the liquid or gaseous 
state, polymerised to form a dark red amorphous substance of the 
approximate formula (C,0,),, although it also contained some 
hydrogen. Subsequently, Diels and Meyerheim (Ber., 1907, 40, 
355) showed that the polymeride was very hygroscopic and that in 
dissolving in cold water it liberated carbon dioxide. This observ- 
ation seems to have received no confirmation from subsequent 
workers. Diels was struck by the similarity of the polymeride to 
the brown solid obtained by Brodie, but as little was known regarding 
either substance, speculation was useless (‘‘ Die Kohlensuboxyde,” 
Donath and Burian, Stuttgart, 1924). Experiments have been made 
by the present authors to ascertain how far the similarity holds. 

A quantity of malonic anhydride was prepared by the method of 
Diels and Meyerheim (loc. cit.) as modified by Edwards and Williams 
(J., 1927, 855); the gas was liquefied by means of an alcohol-solid 
carbon dioxide bath in a tube which was subsequently sealed off 
and placed in the ice chest for a day. At the end of that time the 
bulk of the malonic anhydride had polymerised ; a brownish-black 
solid having a somewhat crystalline appearance had taken the 
place of the liquid, while from the gaseous phase the polymeride 
had separated in brown centres together with a light brown film 
which extended over the surface of the glass. On admitting air to 
the tube this film immediately became coloured a fine red. 
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With cold water, the freshly prepared polymeride partly dissolved 
forming a rich carmine-red liquid which was slightly acid; carbon 
dioxide was evolved and the solid dissolved completely on warming. 
The caramel-like smell characteristic of the aqueous solution of the 
brown solid was not observed. Experiment showed that carbon 
dioxide was the only gas evolved and that approximately 1 mol. was 
evolved when 3 mols. of the polymeride (calculated as C,0,) were 
treated with water. On treating the solution with electrolytes, ¢.g., 
solutions of sodium chloride, silver nitrate, etc., and boiling, coagul- 
ation occurred with the deposition of red-brown flocks, the solution 
being completely decolorised. Further, by dialysis through a 
collodion membrane complete coagulation occurred. The polymer. 
ide on standing became less soluble in cold water, but on boiling 
complete solution always took place. It may be presumed that 
the eosin-red colour of the solution is due to the presence of colloidal 
carbon. It has been mentioned that the aqueous solution of the 
polymeride was faintly but distinctly acid. Williams and Edwards, 
who took great care to obtain pure malonic anhydride, also state 
this to be the case (private communication). It was therefore 
important to discover if oxalic acid had been produced as in the 
case of the solid obtained from carbon monoxide. 

On evaporation of the solution to dryness on the water-bath, a 
brownish-black residueswas obtained which on treatment with 
water gave a slightly acid solution which decolorised acid per- 
manganate, but when neutralised gave no precipitate with calcium 
chloride. Dialysis experiments gave no further evidence. As a 
final experiment, the solid remaining after evaporation to dryness of 
a solution of about 2 g. of the polymeride was extracted with dry 
ether in a Soxhlet apparatus. On evaporation of the ether, no 
oxalic acid crystals were obtained, as was the case with the solid 
obtained by means of the discharge, but only a yellow resinous 
material. : 

Polymerised malonic anhydride, therefore, on treatment with 
water yields carbon dioxide, an eosin-red solution which contains 
colloidal particles, and traces of an acid which is not oxalic 
acid. 

Nature of the Solid Phase-—Since the discovery of malonic 
anhydride, many workers have called attention to the similarity 
between its polymeride and the brown solid obtained by the 
decomposition of carbon monoxide by the silent electric discharge. 
Ott (loc. cit.) suggests that the brown solid is polymerised malonic 
anhydride since the weight of this substance which would be formed 
according to the equation 400 = C,0, + CO,, calculated from the 
observed amount of carbon dioxide produced, is found to be 
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approximately equal to the sum of the weights of the gaseous 
malonic anhydride produced_and of the brown solid deposited. 

The malonic anhydride which is produced in the discharge may 
obviously suffer polymerisation and partial decomposition, since 
at 37° the thermal decomposition is rapid ; and it may be anticipated 
that the action of the discharge would be to accelerate both these 
processes. The brown solid is therefore probably a mixture which 
contains some polymerised malonic anhydride. Decomposition of 
the anhydride itself would result in the formation of carbon: a 
mechanism is thus provided which would account for the origin of 
the small black particles which constitute the insoluble residue of 
the brown solid, and of those which separate from the brown solution 
on boiling. It remains to account for the extremely hygroscopic 
nature of the brown solid, and for its reaction with water giving 
oxalic acid. In two experiments a ring of white solid was observed 
at the bottom of the ozoniser; this is in agreement with the observ- 
ation of Schutzenberger (Compt. rend., 1890, 110, 560). It is 
conceivable that this white substance will account for those proper- 
ties of the brown solid just mentioned. It has not yet been possible 
to determine the conditions under which’ _ phenomenon is 
eee 

Summary. 


Experiments with reference to the Schutzenberger—Berthelot 
controversy concerning the decomposition of carbon monoxide in 
the silent electric discharge have shown that the velocity does not 
depend on the nature of the electrodes, that decomposition takes 
place readily even when elaborate precautions are taken to exclude 
moisture, and that the presence of malonic anhydride in the decom- 
position products offers a simple explanation of the analytical 
results of Schutzenberger. It has also been shown that the brown 
solid produced from carbon monoxide in the discharge is not 
identical with polymerised malonic anhydride. 


The authors wish to tender their thanks to the Advisory Council 
of the Scientifie and Industrial Research Department for a grant to 
each of them, and to Professor F. G. Donnan, F.R.S., for his’ 
continued interest in the development of this research. 
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INORGANIC AND Puysicat CHEMISTRY, 
Untversity CotieGr, Lonpon. (Received, April 3rd, 1929.] 
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CCXXVII.—The Adsorption of Fumaric and Maleic 
Acids by Pure Charcoals. 


By Harotp JouN PHELPs. 


IN a recent investigation (Phelps and Peters, Proc. Roy. Soc., 1929, 
A, 124, 554) it was shown that the adsorption of succinic, propionic, 
or hexoic acid at different hydrogen-ion concentrations is roughly 
proportional to the amount of un-ionised acid present, as calculated 
from the accepted values of the dissociation constants. It was 
concluded, therefore, that the adsorption proceeded predominantly 
through the medium of un-ionised molecules. There was, however, 
no evidence that this statement is strictly true for dibasic acids. 
The results obtained with succinic acid showed that the adsorption 
did not become zero until such a hydrogen-ion concentration was 
reached as corresponded with the complete ionisation of both 
carboxyl groups. The dissociation constants of succinic acid are, 
however, too nearly the same for us to generalise as to the behaviour 
of dibasic acids of which the two constants are widely different. 

Further confirmation of these results has been sought in the 
study of the effect of hydrogen-ion concentration upon the adsorp- 
tion of fumaric and maleic acids, since these should show character- 
istic differences if the adsorption were determined by the electrical 
state of the particles concerned. The dissociation constants of 
maleic and fumaric acids respectively are given in the literature 
as Ka, =1-17 x 10? and 93 x 10¢ (Ostwald, Z. physikal. 
Chem., 1889, 3, 694), and Ka, = 2-0 x 107 and 1-18 x 10° 
(Chandler, J. Amer. Chem. Soc., 1908, 30, 170). Thus it will be 
seen that one of the carboxyl groups of maleic acid is relatively 
strongly acid while the other is very weak: three possibilities 
therefore arise with this acid. (1) If the anion produced by the 
primary ionisation is not adsorbed, the adsorption should fall 
rapidly in solutions more alkaline than, say, pg 2-5. (2) If, on the 
other hand, only the doubly ionised molecule escapes adsorption, 
then the adsorption should fall off between p, 5-5 and 7-5 approx- 
imately. (3) If the singly ionised molecule is adsorbed to a less 
degree than the neutral molecule, and the doubly ionised molecule 
is not adsorbed at all, then the adsorption should fall more or less 
gradually from py, 1-5 to py 7. The results to be described indicate 
that the third of these possibilities represents the truth. 

The dissociation constants of fumaric acid are so similar that 
one would expect its adsorption to be affected by hydrogen-ion 
concentration in almost the same way as that of a monobasic acid. 
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The results obtained suggest that possibility (2) is the most probable, 
ie., only the doubly ionised molecule escapes adsorption. 


ExPERIMENTAL. 


The general technique of the adsorption experiments was identical 
with that previously employed. 20-C.c. samples of 0-2% solutions 
of the acids together with suitable small volumes of sulphuric acid 
or sodium hydroxide were made up in every case to 22 c.c. and 
shaken with 200 mg. of charcoal, which, like that used previously, 
had been purified by Miller’s method (J. Physical Chem., 1926, 30, 
1031). 

The samples of fumaric acid (m. p. 286°) and maleic acid (m. p. 
131°) used were obtained from the British Drug Houses, Ltd. 

Fumaric and maleic acids were estimated by the method of partial 
titration, which depends on the fact that the total acid titratable 
over a region not greatly removed from neutrality is almost wholly 
weak acid even in presence of relatively large amounts of strong 
acid (van Slyke and Palmer, J. Biol. Chem., 1920, 41, 567; Harris, 
Proc. Roy. Soc., 1924, B, 95, 440). This method had been used for 
the estimation of propionic and hexoic acids (see above), and in these 
cases practically all the acid could be accounted for by the titratable 
acidity between the colour changes of bromophenol-blue and thymol- 
phthalein. In the cases of fumaric and maleic acids, however, only 
a part of the total acid was found by titration between these limits. 
The percentage decrement in this amount was taken as a measure 
of the adsorption that had taken place. This value was open to 
error from two sources. (1) It is the sum or difference (according 
to the initial pg) of two titration values each of which is open to the 
normal errors of observation; these errors were shown to be not 
greater than 2% of the total amount of acid present in the solutions 
originally, and thus make the values of the percentage adsorption 
liable to this degree of error asa maximum. (2) The acid titratable 
between the limits specified may be influenced by the amount of 
sodium salt present, with the result that the titres of solutions of 
different initial hydrogen-ion concentration may not be strictly 
comparable; experiment showed, however, that this was not the 
case, for a series of titrations of maleic acid solutions which had been 
neutralised to varying extents and which covered the whole range 
studied (with the exception of one experiment at py 1-5) showed no 
greater deviation than 3%. In the more acid experiments, a third 
source of observational error is introduced, since a correction must 
be made for the residual strong acid titrated between py 4 and 11. 
Only in the most acid solutions was this correction found to be 
hecessary. 
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Results.—The results of the adsorption experiments are shown in 
the two curves in Fig. 1, which represent the adsorption of fumaric 
acid (circles) and maleic acid (crosses) plotted against py. As the 
two acids were used in solutions of similar concentrations (the 
actual strengths were maleic acid 0-035N, and fumaric acid 0-029))), 
the adsorptions are given as percentages of the amount originally 
present in order to make the two curves as comparable as possible, 
It will be seen that the adsorption of maleic acid, which is nil in 
solutions more alkaline than py 7, rises steadily with increasing 
hydrogen-ion concentration up to pq 1-5, the most acid solutions 

with which it was possible to work. The 

Fia. 1. adsorption of fumaric rises from nil at 

about py 7 to become maximal at about 
ONP Pu 37. 





Discussion. 

The hydrogen-ion concentrations at 
which the various carboxyl groups of the 
two acids will be 50%, dissociated can be 
calculated from the values of the dissoci- 
ation constants given above. They are: 
for the primary dissociation of maleic acid, 
Pu 1-95, for the secondary dissociation, 
Pu 6-70; for the primary dissociation of 
fumaric acid, p, 3-03, and for the secondary 
dissociation, py 4°75. Thus the adsorption 

s—=J «oof': maleic acid is nil at a py at which the 
4 8 secondary carboxyl is only 50%, dissoci- 
ated, and has not reached a maximum at 
& Py at which the primary carboxyl group 
is 50% dissociated. In the case of fumaric 
acid, the adsorption has already reached a maximum at a py at 
which the primary carboxy] is still 50°, dissociated, and is half 
maximal at a py at which the secondary carboxy] is half dissociated. 
The adsorption of maleic is nil, or very low, at a pg at which the 
secondary carboxyl group is still considerably dissociated, and 
further, the adsorption is still rising in solutions of such acidity that 
this group is wholly undissociated. 

These results seem consistent with the view that in the case of 
fumaric acid only the doubly ionised molecule escapes adsorption, 
while in the case of maleic acid the product of the primary ionisation 
is absorbed to a less degree than the neutral molecule, and the 
doubly ionised molecule is scarcely adsorbed at all. 

In our previous work (loc. cit.) a view was expressed that 
adsorbed molecules are held at the charcoal surface by chemical 























© Fumaric acid. 
x Maleic acid. 
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or pseudo-chemical valencies of the type postulated by Langmuir. 
It seems to be a not improbable assumption that the oxygen of the 
carboxyl group may provide the means by which the carboxylic 
acids are held at charcoal surfaces. The presence of an un-ionised 
carboxyl group would thus be necessary for adsorption to take place. 
In the case of dicarboxylic acids, therefore, the adsorption might 
be expected to follow the ionisation of the weaker carboxyl group, 
except in so far as the presence of an electric charge is per se an 
obstacle to adsorption. 

Since the accepted formula for maleic acid represents the two 
carboxyl groups as-lying on the same side of the carbon—carbon 
double link, there is every reason to suppose that the stronger 
carboxyl group hinders adsorption more on account cf its proximity 
to the weaker un-ionised group than from any other cause. Peters 
and the author (loc. cit.) suggested also that the water sheaths 
commonly supposed to surround most ions might inhibit their 
adsorption by purely physical “‘ blocking ” which would prevent 
intimate contact between the ion and any surface it might approach. 
Although this view is in the highest degree speculative, it may be 
pointed out that the results here described are consistent with it. 
In the case of the singly charged maleate ion the weaker un-ionised 
carboxyl group might be imagined to be “ blocked ”’ by the water 
sheath of the adjacent ionised group. 


In conclusion, I would like to express my sincere thanks to 
Professor Peters, not only for his interest in this work, but also for 
his continual inspiration in the past. 


THE DEPARTMENT OF BIOCHEMISTRY, 
OxFoRD. [Received, May 9th, 1929.] 





CCXXVIII.—The Combination of Hydrogen and Oxygen 
on the Surface of Platinum. 


By ReernaLtp Paut DonNELLY and Cyr. Norman HINSHELWOOD. 


THE experiments described in this paper were made with two 
independent objects. In the first place, since the homogeneous 
combination of hydrogen and oxygen between 500° and 600° is a 
chain reaction (Proc. Roy. Soc., 1929, A, 122, 610), it seemed possible 
that as the temperature of a platinum wire in a mixture of the two 
gases is gradually raised to the explosion point the reaction might 
cease to be purely heterogeneous, and reaction chains, initiated by 
the heterogeneous reaction, might spread into the gas. Although 


certain interesting observations have been made which are not easy 
3N2 
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to explain except by assuming that chains are propagated, no 
conclusive proof can be said to be forthcoming. 

In the second place, we wished to make kinetic measurements at 
ordinary pressures in order to compare them with the results 
obtained by Langmuir. (Trans. Faraday Soc., 1922, 17, 621) at low 
pressures. Such a comparison seemed likely to throw light upon a 
question of some general importance raised by an observation of 
Schwab. Hinshelwood and Burk (J., 1925, 127, 1114) had found 
that the decomposition of ammonia on tungsten at ordinary pressures 
was unretarded by the products of reaction, but Schwab (Diss,, 
Wiirzburg, 1927; Z. physikal. Chem., 1927, 128, 161), working at 
low pressures, found a retardation, and concluded that since results 
valid at low pressures could obviously not be extrapolated to higher 
pressures, the simple Langmuir adsorption theory fails to account 
adequately for the kinetics of heterogeneous reactions. He inter. 
prets the changing behaviour in terms of a theory that multi. 
molecular adsorption layers are formed; but an alternative, and in 
some ways preferable, explanation of the fact that a heterogeneous 
reaction may appear to proceed according to a different law ina 
different region of pressure is provided by Taylor’s theory (Proc. 
Roy. Soc., 1925, A, 108, 105) that the catalytic surface possesses 
centres of varying activity. At low pressures the amount of gas 
may be small enough to be accommodated on the most active centres, 
which, in virtue of their activity, are more likely to be susceptible 
to poisons, and may even be poisoned by too large a pressure of the 
reacting gases. At higher pressures, where the total adsorption is 
much greater, the less active centres, being much more numerous, 
contribute the greater proportion of the total reaction. Since they 
may possess different adsorptive properties, the kinetic relationships 
may change completely. 

The experiments to be described show, first, that the reaction 
follows a different law at normal pressures from that found by 
Langmuir at low pressures, and secondly, that active centres of 
different kinds do, in fact, exist on the platinum wire. These two 
results in conjunction lead us to believe that, in general, if the law 
which a heterogeneous reaction follows changes with pressure, the 
centres upon which reaction predominates also change. 

The apparatus was the same as that described in previous investig- 
ations of catalytic reaction on heated wires (J., 1925, 127, 327, 806). 
The reaction vessel was a cylindrical bulb of about 100 c.c. capacity, 
with a platinum wire about 15 cm. in length sealed along its axis. 
The bulb, placed so that the wire was vertical, was surrounded by 
ice, and all measurements of pressure were taken at 0°. It was 
connected by capillary tubes of negligible internal volume to 4 
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capillary manometer on which the progress of reaction could be 
measured, and through taps to a vacuum pump and to gas holders 
containing oxygen, hydrogen, and any other gas which it was 
desired to introduce. Small glass spirals containing water and 
immersed in ice were inserted between the taps of the reaction vessel 
and the gas holders in order that the oxygen and hydrogen might 
be saturated at 0° at the beginning of the reaction and thus possess a 
constant water content throughout its course. This precaution, 
however, appears to have been unnecessary. 

The temperature of the wire was determined from its resistance, 
which was controlled by an ammeter, voltmeter, and rheostat. 
The rate of reaction was measured by observing the fall in pressure 
caused by heating the wire for a suitable interval. 

The oxygen was generated by heating potassium permanganate 
in a completely evacuated apparatus, and was purified by passage 
over caustic potash and phosphoric oxide. The hydrogen used was 
electrolytic hydrogen from a cylinder, freed from oxygen and 
carbon dioxide by passage, first over a glowing filament and then 
through caustic potash and phosphoric oxide inan all-glass apparatus, 
previously evacuated. 

The catalytic activity of the wire was liable to vary, and in order 
to guard against systematic errors arising from this cause, the 
following procedure was adopted in determining how the rate of 
reaction varied with the pressures of the different gases. The 
pressure of one gas was varied over as large a range as possible, that 
of the other being kept constant. Between each pair of experi- 
ments of such a series “ blank” experiments with a standard 
pressure of hydrogen and oxygen were made. The observed rate 
in any experiment, divided by the average of the rates of the 
“blank ’” experiments preceding and following it, gave a relative 
value which would be unaffected by a gradual drift in the activity 
of the wire. By careful treatment of the wire, such drift could 
actually be reduced to an almost negligible amount in the course of 
a given series of experiments; but if between two series the wire had 
been subjected to any unusual treatment, considerable changes 
often occurred. 

The curves representing the complete course of the reaction are 
given in Fig. 1, which is plotted from the data given in Table I. 

After a short period of induction, the curves are almost linear over 
4 considerable range, and the slope of the linear part of the curve 
is used as a measure of the rate of reaction. 

A comparison of the curves for excess of oxygen and excess of 
hydrogen suggests that the rate of reaction is independent, of the 
pressure of hydrogen and dependent on that of oxygen. That the 
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TABLE I. 
[¢ = time (in minutes), x = total change in pressure (in mm.).] 
142° (Wire 2). 143° (Wire 1). 142° (Wire 2). 


H, = 100 mm. H, = 200 mm. H, = 102 mm. 
O, = 102 mm. O,= 56mm. O,= 54mm. 
t. x. ° x. t. : . x. t. x. 
39 12 56 4 61 = 106 
48 126 25 866 145 67 1165 
54 37~—Ss 81 25-5 74 126 
60 152 50-3 90 36-5 84 135 
63 65 101 48 90 14 
66 §=6153 93-5 106 61 96 148 
76 112-6 74 102 = 151 
84 108 1525 
94 


rate is independent of the hydrogen concentration is confirmed by 
the following table, where in each case, rates of reaction are given 
relatively. 


143° (Wire 1). 142° (Wire 2). 
O, = 200 mm. O, = 50 mm. O, = 100 mm. O, = 100 mm. 
H,,mm. Rate. H,,mm. Rate. H,,mm. Rate. H,,mm. Rate. 
50 0-99 100 (1-00) 13-5 1-0 100 (1-00) 
100 1-16 200 1-07 22 1-05 200 1-03 
200 (1-00) 300 1-07 100 (1-00) 300 1-10 
250 1-02 400 1-07 300 1-09 350 1-20 
300 0-84 500 1-22 500 1-33 
400 1-24 
500 0-82 


The rate of reaction increases with the pressure of oxygen, the 
increase being less marked at higher pressures than at the lowe 
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(see Table II). There is, however, no evidence of definite saturation, 
except in one series of experiments in which the wire was in an 
abnormally active state. The form of the curves (see Fig. 2) varies 
considerably with the state of the wire, but is always similar to that 
which would beobtained bysuperposition of two Langmuir isotherms, 
one with a small saturation limit soon reached, and the other with a 
much larger saturation limit less easily reached (see inset in Fig. 2). 


Fig. 2. 
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Taste IT. 
143° (Wire 1). 
H, = 200 mm. H, = 300 mm. H, = 100 mm. 
O,, mm. Rate. O,, mm. Rate. O,, mm. Rate. 

60 0°55 38 0-47 50 0-72 
100 (1-00) 54 0-49 . 
200 1:35 100 0-81 (1-00) 
300 1-50 150 (1-00) 1-16 
400 1-58 200 1-22 1-15 

300 1-25 
350 1-35 


142° (Wire 2). 150° (Wire 2). 
H, = 100 mm. H, = 100 mm. 
Rate. O,, mm. Rate. 


143° (Wire 1). 115° (Wire 1). 


101° (Wire 2). 
H, = 100 mm, 
O,, mm. Rate. 


0-60 100 

(1-00) 250 
315 1-95 500 
500 2-70 


(1-00) 100 (1-00) 
2-21 200 1:72 
3-79 300 1-85 

500 2-83 


According to Langmuir, the rate of reaction at low pressures and 
below 300° is directly proportional to the pressure of oxygen and 
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inversely to that of hydrogen. This indicates that hydrogen dis. 
places oxygen from those centres on which reaction predominates, 
The present results, on theother hand, show thatat normal pressures, 
although hydrogen saturates the surface, it does not displace oxygen 
to any appreciable extent, since the rate is independent of the 
pressure of hydrogen over the whole range. 

The form of the curve expressing the relation between rate and 
oxygen pressure shows that oxygen itself is adsorbed, and does not 
react merely by striking adsorbed hydrogen—a process which would 
lead to a strictly linear relation. The centres, therefore, on which 
hydrogen and oxygen are adsorbed cannot be the same. Further, 
the exact relation between rate and oxygen pressure varies con- 
siderably with the state of the surface. This fact renders improbable 
the suggestion that the oxygen is adsorbed in a second layer on the 
primary hydrogen layer, for the constant nature of the surface thus 
presented to the oxygen should give a constant form of curve. How- 
ever this may be, the surface on which reaction takes place is not 
the same at normal pressures as that at the low pressures of the 
Langmuir experiments. ‘ 

Several experiments of different kinds were made to see if evidence 
could be found that propagation of chains from the wire into the 
gas occurred. At first an attempt was made to discover whether 
the relation between the rate of reaction and the pressure of hydrogen 
or oxygen changed with increasing temperature in such a way as to 
indicate that spreading of chains into the gas took place. The only 
significant result of these experiments was that the maximum rate 
at which reaction could take place on the wire without causing 
ignition of the gas was rather surprisingly small, being only 4% per 
minute with Wire 1 and 200 mm. of hydrogen and 100 mm. of 
oxygen. 

It was next found that the presence of nitrogen or argon definitely 
lowered the temperature to which the wire could be heated without 
causing explosion from about 200° to 180°. With 400 mm. of 
nitrogen and less than 50 mm. of oxygen the gas mixture did not 
explode, but at a temperature where the reaction in absence of 
nitrogen would still have been fairly slow, a very rapid surface 
reaction took place, raising the wire to incandescence. It was found 
too that nitrogen or argon caused an acceleration of the isothermal 
reaction, 300—500 mm. increasing the rate of reaction by 20—30%. 
A similar effect of these foreign gases is characteristic of the homo- 
geneous combination of hydrogen and oxygen, in which it is due to 
the lengthening of chains, and the result obtained here suggests that 
there may be some homogeneous reaction spreading out from the 
wire. 
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It is a little difficult to see how argon or nitrogen could accelerate 
the heterogeneous reaction itself. It should be mentioned that the 
effect was independent of the total conductivity of the gas mixture. 

Experiments were next made on the influence of small amounts 
of nitrogen peroxide, since this gas is known to initiate reaction 
chains very readily in mixtures of hydrogen and oxygen at higher 
temperatures. Its only effect, however, was to poison the hetero- 
geneous reaction, 0-5 mm. of nitrogen peroxide reducing the rate to 
about half. The explosion temperature was correspondingly 
raised. 

PrysicaAL CHEMISTRY LABORATORY, 


BaLLion COLLEGE AND TRINITY COLLEGE, 
OxForRD. [Received, July 10th, 1929.] 





CCXXIX.—The Light Emission from the Phosphor- 
escent Flames of Ether, Acetaldehyde, Propaldehyde, 
and Hexane. 


By Harry Jvuitivs Eme.évs. 


Ix 1882 (J., 41, 363), W. H. Perkin, senr., showed that when a 
mixture of air with the vapour of ether or one of a number of other 
organic substances was allowed to impinge on a heated copper 
ball, a very faintly luminous bluish flame played round the surface, 
provided that the latter was not quite hot enough to cause normal 
ignition. Interest in this phenomenon was revived by the dis- 
covery that substances giving such a flame have a tendency to 
promote “‘ knocking ’’ when used as motor fuels, whilst many 
“anti-knocks ”’ inhibit the flames. The chemical changes were 
first studied by Perkin (loc. cit.), who recognised that little carbon 
dioxide was formed. Callendar found that in the combustion of 
a hexane-air mixture at 300°, 67% of the product consisted of 
“aldehydes,” the other products being carbon monoxide and 
dioxide, hydrogen, ethylene, unsaturated substances, water, acids, 
and tar. Later, Mardles and his co-workers published similar 
analyses of the reaction products from ethyl ether, acetaldehyde, 
amylene, and hexane (J., 1928, 812; Trans. Faraday Soc., 1928, 
%, 574), and Berl, Heise, and Winnacker isolated acraldehyde 
from the oxidation products of hexane (Z. physikal. Chem., 1928, 
139, 453). The nature of the light emission from these flames 
attracted little attention; indeed, it was not clear wliether the 
normal flame spectrum was to be expected, whether the different 
flames would give different spectra, or whether all would give some 
hew spectrum characteristic of the phosphorescent combustion, 
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just as the Swan bands and water bands characterise the hot flames, 
The spectrum of the phosphorescent ether flame has already been 
described (Emeléus, J., 1926, 2948), and this investigation is an 
extension of that observation. 


The Spectra of the Phosphorescent Flames of Acetaldehyde, 
Propaldehyde, and Hexane. 


Acetaldehyde and propaldehyde were redistilled from material 
supplied by the British Drug Houses, and boiled at 20—22° and 
67—69° respectively. The n-hexane, prepared by fractionating 
commercial hexane in a 5-ft. column filled with copper turnings, 
boiled at 68-8—69-0°. The liquids and air used were all undried. 
The apparatus and method used in photographing the above 
spectra were the same as those used for ether (Emeléus, loc. cit.) 
A small Hilger quartz spectrograph and a large-aperture quartz 
instrument were used (Emeléus and Purcell, J., 1927, 788). 
Exposures in the first case varied from 150 to 250 hours, and from 
20 to 80 hours for the faster instrument. Approximate tem- 
perature measurements were made by inserting the bulb of a small 
thermometer in the luminous zone. The ‘temperatures recorded 
were for acetaldehyde 220—250°, for propaldehyde 290—310°, 
and for hexane 300—360°. In each case the luminosity first 
became noticeable in the form of pulses as the silica tube AB 
(Fig. 2, loc. cit.) was gradually heated, and then gave place 
to a steady bluish-white glow. At higher temperatures inter- 
mittent, flashes of blue flame passed down the tube. These were 
visible in daylight, and were taken to indicate the beginning of 
normal ignition. The steady glow was observed over a ten- 
perature range of approximately 100°, and could be maintained 
without difficulty during the long periods needed to give satis- 
factory photographs. The nature of the flame did not appear to 
depend on conditions (e.g., it was not appreciably altered by cooling 
the bubblers containing hexane in ice), but the composition of the 
vapour—air mixture was not controlled. 

The phosphorescent flames of acetaldehyde, propaldehyde, and 
hexane all gave the same band spectrum, consisting of a series 
of bands degraded towards the red between 5000—3360 A. The 
plates were measured and also compared directly, and the spectrum 
was proved to be identical with that previously described for the 
phosphorescent ether flame. The wave-lengths of the band heads 
for the latter have already been recorded (loc. cit.). There was no 
indication of other band systems. 

As far_as has been ascertained, this spectrum does not correspond 
with any hitherto recorded system associated with carbon. AX 
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attempt was made to excite it by passing a discharge through a 
stream of acetaldehyde vapour at a pressure just high enough to 
maintain a discharge, external electrodes being used, but this 
gave no indication of the bands. There is a certain correspondence 
with the “ blue bands” described by Marsh in the Tesla spectra 
of a number of organic substances (J., 1923, 123, 2147), but this 
is not sufficient to establish the identity. The problem. of associ- 
ating the light emission with some definite stage of the reaction 
is one which is made more difficult by the fact that the end products 
afford but little indication of the intermediate stages. One possi- 
bility, however, appeared to warrant further investigation : ‘ alde- 
hydes ’’ are known to be among the reaction products in each case. 
Now the phosphorescent flame of acetaldehyde itself gave the 
characteristic glow spectrum, and it was.thought that in the phos- 
phorescent flames of ether, propaldehyde, and hexane, acetaldehyde 
might be formed as an intermediate. It was first shown that 
acetaldehyde was not completely oxidised in its phosphorescent 
flame. The reaction products of the other three flames were then 
examined for acetaldehyde by Stock’s method of vacuum fraction- 
ation (Ber., 1914, 47, 154; 1917, 50, 989; 1918, 51, 983). 


Investigation of the Reaction Products. 


The following determinations of the vapour pressures of acet- 
aldehyde, ether, and propaldehyde at low temperatures were made 
for subsequent use in identifying these substances during the 
fractionation. The same pair of pentane-filled thermometers was 
used throughout this work. Values for hexane are given in Landolt- 
Bornstein’s tables. 


Acetaldehyde. 

Temp. —97° —74° —659° -—-48° -—37° .—23°. —14° 0° 
V.p.(mm.) 3 75 0619 33 59 103 171 337 
Ether. 

Temp. ~65° —54° —94° -—34° —26° —19° —14° —8° 0° 
V.p.(mm.) 2 5 95 21 37 55 17 114. 190 
Propaldehyde. 


Temp. —55° —39° —27° 0° 
V.p.(mm.) 7 16 29 133 


Three experiments were carried out to determine if acetaldehyde 
vapour was completely oxidised. An air stream from a cylinder 
was divided and measured by two calibrated flow-meters, That 
through one passed through acetaldehyde in a weighed bubbler, 
cooled in ice. From the readings of the flow-meters and the loss 
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in weight of the bubbler, the mean composition of the gas mixture 
was calculated. The vapour-air mixture passed through a heated 
tube of Jena combustion glass (30 cm. long, 1 cm. internal diameter), 
the furnace temperature being recorded by a thermometer attached 
to the outside of the tube. The reaction product was collected in 
three U-tubes, the first of which was cooled in ice, whilst the others 
were immersed in liquid air. The third U-tube was fused on to 
the vacuum fractionation apparatus already described (Emeléus, 
J., 1928, 1944). When a sufficient quantity of the reaction product 
had collected, the flow-meters were sealed off, and the whole 
apparatus (including the fractionation apparatus) was evacuated. 
The reaction product was then distilled into the fractionation 
apparatus. 

The method of splitting up the mixture for the purpose of 
isolating acetaldehyde, if present, was to distil off in vacuum a series 
of fractions at gradually increasing temperatures, so chosen that 
the vapour pressure of the mixture was always 1—3 mm. The 
lowest distillation temperature employed was — 130° to — 120°, 
at which carbon dioxide and similar products were completely 
removed, whilst acetaldehyde was non-volatile. The low-tem- 
perature baths were made by cooling an ether—alcohol mixture 
(2:1 by vol.) with liquid air. The U-tube E (Fig. 2, J., 1928, 
1944) was immersed in liquid air, and in the high vacuum there 
was a rapid distillation from D (containing the mixture) to E, 
which was continued as long as appreciable quantities of con- 
densate formed in E. The connecting valve V’ (Fig. 2, loc. cit.) 
was then closed, the vapour pressure of the condensate in E recorded 
at suitable temperatures for purposes of identification, and the 
volume measured,- after which the fraction was stored. The 
temperature of the bath round D was now raised until the vapour 
pressure was again 1—3 mm., a second fraction was distilled off 
and examined, and so on. Difficulty arose when the mixture to 
be fractionated became solid, in that volatile material was held back 
until the melting point was reached. This was partly overcome 
by melting the solid prior to distillation, and then recooling it to 
the distillation temperature. In this way most of the volatile 
material was evolved and not appreciably reabsorbed. The altern- 
ative method of fractional condensation was not employed. In 
some cases certain fractions were recombined and refractionated 
to obtain a better separation. 

In each of the three experiments with acetaldehyde it was possible 
by the above method to isolate fairly pure unchanged acetaldehyde. 
Details of the first of these experiments are given below as being 
typical of these and subsequent separations. 
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Combustion of Acetaldehyde, I. 
Temp. = 240° + 2°. Concentration = 10% by vol. 
Wt. of acetaldehyde oxidised = 1-37 g. 
The reaction product was divided into the following fractions : 


Temp. Time. Vol. of distillate. 
(1) —118° to —104° 45 mins. 225 ~—se.c. (gas) 
(2) — 98° to — 80° a 6-0 ,, 


(3) — 80° to — 70° — 85 ,, 
(4) Residue — 1-30 c.c. (liquid) 


Vapour-pressure measurements. The vapour pressure determin- 
ations made with the above fractions were as follows : 

(2) — 60°, 24 mm.; —36°, 47 mm.; —25°, 73 mm.; —16°, 112 mm. 
(3) — 63°, 55 mm.; —42°, 70 mm. 
Residue —29°, 22 mm. 

Fraction (1), which distilled at a temperature below that at 
which acetaldehyde was appreciably volatile (about — 95°), con- 
tained carbon dioxide and other similarly volatile products, and 
was not further examined. 

Fractions (2) and (3) were combined and refractionated, giving 
the following fractions : 

Temp. Time. Vol. of distillate. 

(1A) —94° to —90° 70 mins. 2-45 c.c. 

(2A) —90° to — 85° 10 ,, 8-64 ,, 

(3A) Residue — 1-80 ,, 

The total volume of (2) and (3) was 14-5 c.c., whereas that of 
(1A), (2A), and (3A) was only 12-9 c.c. Similar losses of material 
were found to take place throughout this work and were attributed 
to polymerisation: after a series of distillations the U-tubes 
frequently contained small amounts of gum-like products. 

The vapour-pressure measurements for the above fractions were 
as follows : 

(IA) —80°, 34 mm. 

(2A) —45°, 43 mm.; —37°, 50 mm.; —26°, 83 mm.; —21°, 106 mm.; 

— 18°, 123 mm. 

(3A) —65°,6mm.; —55°, 11 mm.; —38°, 27 mm. 

The values for (2A) lie just below the curve for pure acetaldehyde. 
The process of purification of the acetaldehyde was not carried 
beyond this point. The results of the other two experiments with 
acetaldehyde were of a similar nature, showing incomplete oxidation 
of the aldehyde, and all three are summarised below. 

Wt. of alde- Mixture Unchanged alde- 

Temp. hyde used, g. strength. hyde, % (app.). 
240° 1-37 10% 2 
280—290 2-84 20 1 
300 5-95 48 15 
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Results for Propaldehyde, Hexane, and Ether —The observations 
with these substances were made in exactly the same manner, 
Three experiments with propaldehyde were carried out under the 
following conditions : 


Mixture strength, C;H,O used, 
g 


% by vol. r Temp. 
I 27 1-13 260—270° 
II 19 3°38 225 
Til 19 * 1-08 200 


* Oxygen used instead of air. 


In each of these experiments unchanged propaldehyde was 
isolated, but there was no acetaldehyde present in the oxidation 
product. A similar negative result was obtained in two experi- 
ments on the oxidation of hexane, although unchanged hexane 
was again isolated. The conditions of these experiments were as 
follows: Mixture strength, (1) 16%, (2) 14% by vol.; wt. of 
hexane used, (1) 2-51 g., (2) 4:57 g.; temp., (1) 300° + 5°, (2) 
370° + 5°. 

Two experiments were next made with ether, and in both cases 
acetaldehyde was definitely isolated. The conditions were as 
follows : 

(1) Mixture strength, not recorded ; temp., 250—270°; 0-40 c.c. 
of impure acetaldehyde isolated. 

(2) Mixture strength, 55% by vol.; wt. of ether used, 3-54 g.; 
temp., 270°. In experiment (2), 0-33 c.c. of a liquid, with a vapour- 
pressure curve corresponding closely with that of acetaldehyde, 
was obtained; moreover, the fractions on each side of this (vol. = 
0-72 c.c.) had vapour pressures near those of acetaldehyde, of 
which they contained a considerable proportion. The total quantity 
of acetaldehyde was estimated to be of the order of 10%, of the 
weight of ether burned; and ca. 10% of the ether remained un- 
oxidised and was separated from the reaction product. 

These results leave little doubt as to the formation of acet- 
aldehyde in the combustion of ether, but not in that of hexane 
and propaidehyde. Possibly the extension of the investigation 
to a wider range of concentrations and temperatures would have 
given positive results for the last-named substances also, or acet- 
aldehyde may have been formed as an intermediate and then 
completely oxidised; an alternative is that it played no essential 
part in the luminous oxidation of hexane and propaldehyde. The 
following facts favour the latter view. The formule of the sub- 
stances, as ordinarily written, show that, whereas acetaldehyde 's 
a probable oxidation product of ethyl ether, there is no obvious 
reason why it should be formed in the incomplete oxidation of 
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either of the other two substances. Mardles (loc. cit.), moreover, 
found that in the oxidation of hexane, lead tetraethyl and ethyl 
alcohol had a marked inhibiting action on the glow and chemical 
change, whereas in the oxidation of acetaldehyde their action was 
sight. At present, therefore, the evidence appears to indicate 
that acetaldehyde is not an essential intermediate concerned with 
the light emission in these reactions. 

This subject still presents many unsolved difficulties. One of 
these is the question of the origin of the light emission. It is 
also quite unknown whether the light emission in these flames is a 
secondary and somewhat accidental effect, or whether the mole- 
cules which radiate are in any way connected with the “active ” 
molecules and the “ peroxides,” the existence of which has been 
postulated in connexion with the mechanism of the reaction. 

A further interesting point is the speculation that other flames 
of this type (e.g., the phosphorescent flames of paraffin wax, tur- 
pentine, and amylene) will all be found to give this same spectrum, 
which may indeed prove to be characteristic of this type of 
combustion of carbon compounds. 
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CCXXX.—Polysaccharides. Part IV. The Constitution 
of Xylan. 
By Horace ArtHuR Hampton, WALTER Norman Hawortu, 
and Epmunp LanGury Hirst. 


Ix these studies, emphasis has been placed on the need for quantit- 
ative experiments connecting the preparation of derivatives of the 
polysaccharides with the formation of their cleavage products. 
Equally important also is the application of methods which are 
designed to elucidate the structural character of the latter through 
the isolation of crystalline derivatives of their oxidation products. 

In the growing plant, glucose units in cellulose are to a consider- 
able extent converted into xylose residues with the consequent 
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formation of xylan. This link with cellulose invests the subject of 
xylan with a special interest. 

The chemistry of the pentosans owes much to the pioneer experi- 
ments of Tollens and his co-workers, who isolated the so-called 
wood gum from various cellulosic materials and recognised that a 
constituent sugar in this pentosan was xylose. The early con. 
troversies on the question whether xylan contained only xylose 
residues have persisted almost to the present time. Difficulties arise 
in the ultimate analysis of specimens of xylan, and some recent 
papers have been devoted to the problem of elucidating the empirical 
formula, and the expressions (C;H,O,), and (C,)>H,,0,), have been 
advanced (Schorsch, Papier-Fabr., 1927, 25, 576; Heuser and 
Schorsch, Cellulose Chem., 1928, 9,109). Under certain conditions 
xylan retains sodium hydroxide, and appears to form the compound 
(C5;H,O,),,NaOH, corresponding to the formula of the hydrate 
(C;H,O,).,H,0 which is involved in the expression (C,)H,,0,),. 
There is no evidence that sodium hydroxide combines with xylan 
other than in an exceedingly labile form of union, since the alkali 
can be eliminated by various solvents. Similarly a specimen of 
anhydrous xylan can be prepared by desiccation at 112° in a vacuum. 
But the analysis of this anhydrous specimen is complicated by the 
fact that it rapidly regains moisture from the atmosphere during 
subsequent operations (Johnson, J. Amer. Chem. Soc., 1896, 18, 
215). By the method of estimating separately the carbon and 
hydrogen, and then the moisture content of an air-dried sample of 
xylan, we have reached the conclusion that the empirical formula 
(C;H,0,), is substantiated. 

The whole of the present work has been conducted on specimens 
of xylan extracted from esparto cellulose by the application of the 
usual reagent, dilute alkali (Thomsen, J. pr. Chem., 1879, 19, 146; 
Wheeler and Tollens, Annalen, 1889, 254, 307; Irvine and Hirst, J., 
1924, 125, 15). The xylan content was 31%, and the yield of pure 
xylan from this source 25%; under average conditions of atmo- 
spheric humidity it retained about 11% of moisture. Specific tests 
for lignin and furan compounds showed that these were absent. 
Complete hydrolysis with dilute nitric acid (Heuser and Jayme, J. pr. 
Chem., 1923, 105, 232) gave 93% of the theoretical yield of crystalline 
xylose. It is evident, therefore, that xylan is composed entirely of 
xylose residues. The highest yield previously obtained was 85% 
(Heuser and Jayme, loc. cit.). 

Hitherto the attempts to prepare dimethyl xylan appear to have 
resulted in the formation of products which have little relation to 
the original xylan, since the doubtful operation of heating in sealed 
vessels under pressure with silver oxide and methyl iodide was 
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introduced (Heuser and Ruppel, Ber., 1922, 55, 2084; Komatsu, 
Inoue, and Nakai, Mem. Coll. Sci., Kyoto Imp. Univ., 1923, 6, 25). 
This procedure leads to syrupy or low-melting substances having a 
dextro-rotation, and these we have found (see experimental section) 
to be mixtures of degraded products. 

A review of the methods and of the experimental results of these 
authors convinced us that they were not in possession of a genuine 
dimethyl xylan. The specific rotation of their product, obtained in 
poor yield, is given as + 30-4°, whereas xylan is strongly levorot- 
atory. Hydrolysis of such a product could not be expected to lead 
to a satisfactory decision on the constitution of xylan, inasmuch as 
it was clearly a mixture of substances which had suffered profound 
modification in structure. We have observed that on hydrolytic 
cleavage this dextrorotatory substance gives rise to trimethyl, as 
well as to dimethyl and monomethy] xyloses. 

The earlier claim to have determined the distribution of the free 
hydroxyl groups in xylan (Komatsu, Inoue, and Nakai, Joc. cit.) is 
based on the examination of a cleavage fragment regarded as 2 : 3- 
dimethyl xylose, which the authors omitted to characterise. Their 
oxidation of this fragment led to the isolation of gums of doubtful 
homogeneity, the identification of which was attempted by methods 
that were inherently incapable, owing to the variety of possible 
interpretations, of attaining a decisive result. 

Exhaustive experiments which we have instituted with the view 
of determining the conditions of methylation of xylan have shown 
that non-homogeneous mixtures are frequently encountered unless 
the appropriate conditions herein described are adhered to. In 
agreement with Heuser and Ruppel we have not found it possible 
to complete the methylation with methyl sulphate and sodium 
hydroxide in a reasonable number of operations without introducing 
drastic treatment. On the other hand xylan has now been com- 
pletely methylated in two operations, with potassium hydroxide and 
methyl sulphate in the cold, to give a dimethyl xylan in almost 
quantitative yield, and this product is formed as a white solid having 
a specific rotation of — 92° in chloroform as compared with the 
rotation of — 109-5° for anhydrous xylan dissolved in dilute alkali. 
It is insoluble in water, stable to alkali, and non-reducing. 

Hydrolysis of the dimethyl xylan (I) with methyl-alcoholic 
hydrogen chloride led to the isolation of a dimethyl methylxyloside 
in a yield of 90%. The proof that this was, indeed, 2 : 3-dimethyl 
methylxylopyranoside (II) was developed in the following way. 
First, the substance was submitted to further methylation, and the 
resulting trimethyl methylxyloside was hydrolysed to give crystal- 
line 2 : 3 : 4-trimethyl xylose (III) (xylopyranose), which was iden- 
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tical with a specimen previously prepared from methylxyloside 
(Hirst and Purves, J., 1923, 123, 1352; Haworth and Jones, J, 
1927, 2349; Haworth and Morton, in the press) and has been shown 
to possess the six-atom ring. The yield of this sugar was 81%, slight 
losses having occurred through the formation of furan derivatives by 
secondary oan introduced by the mineral acid. 


H-OMe H-OH 
e H-C are H-C-OMe 
iad ? uot MeO-C ‘+H 


| 4 1e-0- | H: pec OMe 
| H, Ja H, 
(I.) (II.) Lt 


Secondly, the 2 : 3-dimethyl methylxyloside was hydrolysed to 
give 2 : 3-dimethyl xylose (IV) (yield, 85°), which, although not yet 
obtained in a crystalline condition, gave a crystalline anilide. 

From a further specimen of the 2 : 3-dimethyl methylxyloside the 
corresponding lactone was prepared by hydrolysis and oxidation 
with bromine water. The 2:3-dimethyl y-xylonolactone (V), 
although a liquid, gave in high yield the crystalline phenylhydrazide 
of 2: 3-dimethyl xylonic acid. Similarly the p-bromophenylhydr- 
azide of 2: 3-dimethyl xylonic acid was isolated as a crystalline 
substance. 

The dimethyl xylose failed to give an osazone, but since it gave rise 
to 2:3:4-trimethyl xylose on complete methylation it could not 
have been 2 : 5-dimethyl xylose. Again, the ready formation of a 
y-lactone from the corresponding dimethyl xylonic acid showed that 
position 4 was not occupied by a methyl group, and inasmuch as 
the above phenylhydrazide was not identical with the 3 : 5-dimethyl 
derivative obtained by one of us in the course of previous work 
(Haworth and Porter, J., 1928, 611) it now became evident that the 
methyl groups could only be situated in the 2 : 3-positions. 


H-OH co 
H-(-OMe H-C-OMe H-C-OMe | 
MeO:C-H  —-» MeO-C-H casey “Eo 


H-C-0OH H: H- 





H, CH,-OH CH,OMe 
(IV.) (V.) (VI.) 


Complete confirmation of these views on the structure of the 
lactone derived from the 2 : 3-dimethyl xylose was supplied by the 
following observations. The rate of hydrolysis of the lactone, fol- 
lowed polarimetrically, was exceedingly slow and equilibrium i 
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aqueous solution was approached only after 400 hours. This 
behaviour (see earlier papers) is characteristic of y-lactones. The 
corresponding change of 2 : 3-dimethyl xylonic acid to the lactone 
was similarly studied, and it appeared that at equilibrium an aqueous 
solution contained approximately 58% of unchanged lactone. 
Furthermore the 2 : 3-dimethyl +y-xylonolactone gave rise on com- 
plete methylation to the 2 : 3 : 5-trimethyl y-xylonolactone (VI). The 
properties of this compound were in complete agreement with those 
already determined by Haworth and Porter (loc. cit.), and moreover 
the lactone gave the corresponding crystalline phenylhydrazide 
identical with that which had been prepared by those authors. It 
was, therefore, evident that positions 4 and 5 were unmethylated in 
the original 2 : 3-dimethyl xylose derived from dimethyl xylan, and 
that, although the sugar assumed the pyranose form, the lactone 
derived from it passed into the furanose type by ring displacement, 
a behaviour which is common to such partly methylated sugars. 

An endeavour was made to isolate other dimethylxylosides from 
partly methylated xylan, but in all cases the only dimethyl sugar 
obtained was the 2 : 3-isomeride. Monomethyl and unsubstituted 
xylose were also present in the products, and it is evident that, as 
with starch and cellulose, there is no preferential methylation of the 
hydroxyl groups in xylan. 

From these experimental results the conclusion is drawn that, in 
xylan, the hydroxy] positions 2 and 3 are not involved in the mutual 
union of the conjugated xylose residues, and that positions 4 and 5 
are occupied either in the linking of units or in ring formation. 
Although the evidence for the pyranose structure (six-atom ring) is 
still not definite, yet the properties and especially the stability of 
the polysaccharide incline us to the view that it is the pyranose 
form of xylose which is present in xylan. It appears evident that 
8-xylose residues only are concerned in the xylan complex, since the 
specific rotation of pure xylan (— 109°) is analogous to that of 
$-methylxyloside (— 67°) but very different from that of «-methyl- 
xyloside (+ 153°). The contiguous units of xylan may be repre- 
sented by the following scheme : 


H OH H mus 


oH shay 
~O—-/ on i Ke 
Mh 04% 0K a uN DoK i Ds H 
i OH — if OH 
re this is compared with the structural plan for cellulose which 
is based upon the constitution of cellobiose, it will be seén that xylan 
differs from cellulose only in the absence of the side chain -CH,-OH 
from each xylopyranose unit. 
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The projection diagram of a model of this scheme for xylan is 
shown below (Fig. 1), the hydrogen atoms being omitted. The 
shaded circles represent carbon atoms, and the unshaded, oxygen 
atoms. 

A more compact conformation of this model may be attained by 
the simple device of rotating the hexagon units round the valency 
positions at the glucosidic oxygens. Several ways of accomplishing 
this change of conformation are possible whilst maintaining the 
hexagons in approximately the same plane. One of these forms is 
indicated in Fig. 2. 


At this stage we are not able to advance definite views on the 
molecular complexity of xylan, but experiments are being directed 
to this end. 

EXPERIMENTAL. 

Preparation of Xylan from Oran Esparto.—Esparto cellulose was 
specially prepared for us from Oran esparto grass by Mr. A. J. C. 
Aikman, B.Sc., in the laboratories of the Guardbridge Paper Com- 
pany, Ltd. After removal of the lignin from the wax-free esparto 
with dilute sodium hydroxide solution under the mildest possible 
conditions, the material was bleached, again under mild conditions, 
and then thoroughly washed with water. The resulting esparto 
cellulose was colourless, retained when air-dry about 8% of moisture, 
and when boiled with 12% aqueous hydrochloric acid yielded fur- 
furaldehyde equivalent in amount to a pentosan content of 31%. 

Esparto cellulose (500 g.) was extracted with boiling 12°% aqueous 
sodium hydroxide (5000 c.c.) for 12 hours. The hot mixture was 
then poured through a Buchner filter funnel. A layer of cellulose 
soon formed which acted as an efficient filter bed and a second 
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filtration through this gave a clear brown liquid free from cellulose 
fibres. To the filtrate, cooled to 35°, an equal volume of methylated 
spirit was added cautiously with continuous stirring. The granular 
powder obtained was kept for 12 hours before being separated from 
the supernatant liquor by decantation, after which it was triturated 
with a mixture of equal volumes of glacial acetic acid and alcohol, 
then with cold water, alcohol and ether in quick succession. The 
xylan was dried at room temperature in a vacuum desiccator (yield, 
125 g.). 

Xylan prepared in this manner was usually colourless, but was 
occasionally yellowish. In the latter case it was dissolved in 12% 
aqueous sodium hydroxide and recovered from the alkaline solution 
by precipitation with alcohol and trituration with acetic acid, water, 
alcohol and ether in the manner first described. 

Xylan from esparto cellulose retained 10-7% of moisture when 
air-dry under average conditions of humidity. It was neutral to 
litmus, without action on boiling Fehling’s solution, insoluble in 
cold water, but soluble in dilute aqueous sodium hydroxide : 
[«}* — 109-5° in 2-5% aqueous sodium hydroxide (c = 0-89, calcul- 
ated as moisture-free material). The same rotation was observed in 
8% aqueous sodium hydroxide. A Zeisel estimation revealed that 
no methoxyl groups were present in xylan. On analysis 5-151 mg. 
gave 7-609 mg. CO,, 2-94 mg. H,O and 0-01 mg. ash. The moisture 
content, estimated by drying in a vacuum at 110°, was 10-7%. 
From these figures the percentage composition of dry ash-free xylan 
was calculated to be C, 45-2; H, 5-8 (C;H,O, requires C, 45-4; 
H, 61%). 

Hydrolysis of Xylan to Xylose—Xylan (2-32 g. dry-weight) was 
boiled for exactly one hour with 3% nitric acid (111 ¢.c.) according 
to the method of Heuser and Jayme (loc. cit.). The xylan had then 
dissolved, and the reaction was stopped by cooling the solution to 0° 
and neutralising the acid with barium carbonate. The neutral 
solution was evaporated to dryness at 60°/15 mm., and the residue 
extracted several times with boiling absolute alcohol. After 
removal of most of the alcohol under diminished pressure, pure 
xylose crystallised (2-30 g.), and from the mother-liquor a further 
0-15 g. was obtained, making in all 2°45 g. or 927% of the theoretical 
quantity. The properties of the xylose thus obtained were identical 
with those recorded for the pure sugar, m. p. 142°. An aqueous 
solution (c = 1-27) showed : [a}!° + 72° (7 minutes after dissolution 
in water), 62-6° (10 mins.), 51° (15 mins.), 43-2° (20 mins.), 37-2° 
(25 mins.), 31-8° (30 mins.), 26-3° (40 mins.), 21-0° (60 mins.), 19-3° 
(equilibrium value after 70 mins.); whence k, + k, = 26-9 x 10° 
(in minutes and decimal logarithms) and [a = + 100° (initial 





1746 HAMPTON, HAWORTH, AND HIRST: POLYSACCHARIDES. 


value). The latter figure is in exact agreement with the observations 
of Parcus and Tollens (Annalen, 1890, 257, 175). 

Methylation of Xylan with Methyl Sulphate and Potassium Hydr. 
oxide.—When xylan (2-5 g.) was heated with 45°, aqueous potassium 
hydroxide (220 c.c.) it was usually found that complete solution did 
not take place unless a small quantity of water (15—20 c.c.) was 
added to the mixture. This alkaline solution of xylan was treated 
with methyl sulphate (200 c.c.) at room temperature, with continuous 
mechanical stirring, the addition occupying 5 hours; thereafter the 
temperature was raised to 100° for hour. The hot, slightly alkaline 
solution was filtered through fine muslin, which retained the partly 
methylated xylan (OMe, 33%) in the form of a white solid con- 
taminated with potassium sulphate. It was found to be inadvisable, 
owing to the tendency of the methylated xylan to become gummy, 
to attempt further purification at this stage, except in certain experi- 
ments where, for the purpose of obtaining a specimen for analysis, 
the method described below was employed. The crude product 
was therefore re-methylated immediately by treating it under the 
same conditions as before with 45% aqueous potassium hydroxide 
(220 ¢.c.) and methyl sulphate (200 c.c.). During this process 
dimethyl xylan separated as small white nodules, which, after the final 
heating for 1 hour at 100°, were separated from the boiling solution 
by filtration, washed several times with boiling water until free from 
sulphate, and dried by heating for 2 hours at 100°/10 mm. The 
product was a white solid fibrous in structure, which had no action 
on boiling Fehling’s solution and showed no tendency to become 
gummy when treated with either hot or cold water (yield, 95% of the 
theoretical, calculated on ash-free material). 

The ash content (1-4%, consisting mainly of iron oxide and silica) 
could be reduced considerably by dissolving the substance in a small 
volume of chloroform, filtering the solution, and precipitating the 
dimethyl xylan by the addition of an excess of dry ether. The 
precipitate was washed with ether and dried in a vacuum desiccator. 
Dimethyl xylan was thus obtained as a white powder, m. p. 194— 
196° (slight decomp.), [«]§* — 92° in chloroform (¢ = 0-5). It was 
easily soluble in cold chloroform, tetrachloroethane, benzene oF 
glacial acetic acid, soluble in warm carbon tetrachloride, very slightly 
soluble in boiling methyl alcohol, and insoluble in water, alcohol, 
ether, acetone or light petroleum (Found: ©, 52-1; H, 7-3; OMe, 
38-7; ash, 0-9. C,H,,0, requires C, 52-5; H, 7-6; OMe, 38-75%). 

Hydrolysis of Dimethyl Xylan—Dimethy] xylan (4-03 g., ash-free) 
was hydrolysed by boiling it with 1-2% methyl-alcoholic hydrogen 
chloride (250 c.c.). The dimethyl xylan was almost insoluble in acid 
methyl alcohol and the rate of dissolution varied with the physical 
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condition of the material used. Very finely divided material dis- 
solved completely in about 7 hours, whereas coarser particles required 
at least 15 hours. The boiling was continued until the resulting 
solution attained a constant rotation. In the present experiment 
this was found to be [«]f" + 54° (calculated as dimethyl methyl- 
xyloside), but at other times, when different concentrations of 
hydrogen chloride had been used, slightly different values were 
recorded (compare Hess, Micheel, and Littmann, Annalen, 1928, 
466,115). In every case, however, the equilibrium rotation of the 
resulting dimethyl methylxyloside in methyl alcohol . containing 
08% of hydrogen chloride was found to be [a]f”+ 43°. The acid 
was next neutralised with silver carbonate, and the filtered solution 
evaporated to a syrup at 60°/12—15 mm. This was dissolved in 
ether and filtered to remove a minute mineral residue. After 
removal of the ether the resulting syrup (4-35 g. or 90% of the 
theoretical amount) was distilled under diminished. pressure, giving 
3-96 g. of 2:3-dimethyl methylxyloside, b. p. about 80°/0-04 mm., 
ni” 14581, [«JR* + 61-8° in methyl alcohol (c = 1-2); [a] + 43°, 
equilibrium value after being heated in a sealed tube for 5 hours at 
100° with 0-8% methyl-alcoholic hydrogen chloride (Found : OMe, 
47-9. Cale. for C,H,,0,; : OMe, 48-2%). 

Proof of the Constitution of 2: 3-Dimethyl Methylxyloside.—The 
experiments described in the following paragraphs were designed to 
provide evidence concerning the constitution of the dimethyl methyl- 
xyloside obtainable from methylated xylan. They were carried out 
with (a) dimethyl methylxyloside from dimethyl xylan, (b) dimethyl 
methylxyloside from partly methylated xylan (see below), and (c) 
dimethyl methylxyloside from the methylated and partly hydrolysed 
xylan obtained by following the instructions of Heuser and Ruppel 
(loc. cit., see below). In all cases the experiments followed a precisely 
similar course and it will be sufficient to describe in detail one 
typical series. 

Methylation of 2 :3-dimethyl methylayloside. Dimethyl methyl- 
xyloside (3-9 g.) was treated in the usual manner with silver oxide 
and methyl iodide (yield, 3-9 g.). The operation was repeated and 
the product then distilled, giving trimethyl methylxyloside (3-6 g.), 
b.p. about 65°/0:02 mm., nis’ 1-4403 (Found: OMe, 58-5. Calc., 
60-2%). The distillate was treated with 3% aqueous hydrochloric 
acid (1-02 g. of substance in 25 c.c. of solution) for 1 hour at 100° in 
order to hydrolyse the trimethyl methylxyloside. During the 
hydrolysis a trace of furfuraldehyde was detected by means of the 
colour reaction with aniline acetate. (This is usual, but the amount 
of decomposition is very small when the reaction is carried out under 
the mild conditions prescribed.) The acid was neutralised with 
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barium carbonate, the solution evaporated to dryness, and the 
trimethy] xylose extracted from the residue by means of boiling ether, 
Removal of the ether left a solid crystalline mass (0-77 g. or 81° of 
the theoretical). One recrystallisation from ether sufficed to give 
large rectangular prisms of 2 : 3 : 4-trimethyl xylose, m. p. 89—92°, 
alone or when mixed with an authentic specimen prepared from 
xylose (Carruthers and Hirst, J., 1922, 121, 2299). No evidence 
could be obtained of the presence of any substance other than 
2:3: 4-trimethyl xylose. 

2: 3-Dimethyl xylose and its anilide. When the 2 : 3-dimethy| 
methylxyloside was heated at 100° with 3° aqueous hydrochloric 
acid, the initial specific rotation decreased regularly to a constant 
value [a] + 25° (c = 1-1, calculated as free sugar). During the 
hydrolysis a detectable quantity of furfuraldehyde was formed 
{aniline acetate test). The solution was neutralised with barium 
carbonate, evaporated to dryness at 60°/15 mm. and the product 
extracted from the solid residue with boiling ether. On evaporation 
of the ether 2 : 3-dimethy] xylose was left as a viscid syrup (yield, 
85%) which readily reduced warm Fehling’s solution; nj’ 1-4783, 
[«]}®” + 22-6° in water 6 minutes after dissolution (c = 3-5), [«]¥ + 
24° (constant value). It could not be crystallised, but a crystalline 
anilide was obtained from it by boiling for 2} hours a dilute alcoholic 
solution of the sugar (1 part) and aniline (7 parts). When the solvent 
was evaporated, the anilide slowly crystallised. After 3 days the 
excess of aniline was removed by washing with cold dry ether and 
the solid residue was recrystallised from ethyl] acetate containing a 
little light petroleum, forming long needles, m. p. 146° (yield, 50% 
of the theoretical) (Found : C, 61-7; H, 7-5; N, 5-6; OMe, 245. 
C,3H,,0,N requires C, 61-6; H, 7-6; N, 5°5; OMe, 24-5%). The 
value [a]is’ + 185° (in ethyl acetate, c = 0-76) was constant for 24 
hours; but mutarotation proceeded rapidly in ethyl acetate contain- 
ing 4-3 g. of acetic acid per 100 c.c. (compare Baker, J., 1928, 1979), 
and after 60 minutes the rotation was constant at + 65-5°. Mean 
k, + kp = 4-7 x 10° (in mins., and logarithms to the base 10). 

2: 3-Dimethyl y-xylonolactone. A solution of dimethyl methyl- 
xyloside (3-06 g.) in 3% aqueous hydrobromic acid (41 c.c.) was 
heated for 1 hour at 85° and then maintained at 75° during the 
addition of bromine (3-8 c.c.). After 16 hours the reducing action 
towards Fehling’s solution had disappeared and the excess of 
bromine was removed by aeration. The solution was neutralised 
with silver oxide, and the dissolved silver precipitated by addition 
of the exact quantity of hydrochloric acid. The silver chloride 
coagulated on warming and the solution could then be filtered readily. 
Removal of the water under diminished pressure left a syrup which, 
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after being heated for several hours at 100°/15 mm., was dissolved in 
ether. The filtered solution was evaporated to a syrup (yield, 2-59 g.), 
which was distilled, giving 2 : 3-dimethyl y-xylonolactone as a colour- 
less uncrystallisable liquid (2-44 g.), b. p. about 115°/0-02 mm., 
ni® 1-4640, [a]R* + 97° (initial value in water, c = 1-2) (Found : 
C, 47-8; H, 6-9; OMe, 34-4. Cale. for C,;H,,0; : C, 47-7; H, 6-9; 
OMe, 35-:2%). 

Phenylhydrazide. When the lactone (1 mol.) was heated on the 
water-bath with an ethereal solution of phenylhydrazine (1 mol.), 
the corresponding phenylhydrazide was obtained. This crystallised 
after repeated trituration with dry ether (yield, 79%) and then 
separated from ethyl acetate, containing a little light petroleum 
(b. p. 40—60°), in rosettes of needles, which were insoluble in ether 
or light petroleum but readily soluble in water, alcohol, or ethyl 
acetate; m. p. 107—108°; m. p. 86—89°, when mixed with a sample, 
m. p. 96°, of the phenylhydrazide of 3: 5-dimethyl xylonic acid 
(Haworth and Porter, loc. cit.); [«]# + 30° in alcohol (c = 0-5) 
(Found: C, 55:2; H, 70; N, 10:1; OMe, 21-3. Calc. for 
Ci3Hy90;N.: C, 54-9; H, 7-0; N, 9-9; OMe, 21-8%). 

The corresponding p-bromophenylhydrazide was prepared in a 
similar manner. It crystallised readily when triturated with dry 
ether and was recrystallised from ethyl acetate containing a little 
light petroleum, forming long silky needles, m. p. 150—151° (yield, 
80%) (Found : C, 43-0; H, 5-4; N,8-0; OMe, 16-3. C,,H,,O;N,Br 
requires C, 43-0; H, 5-3; N, 7-70; OMe, 17-1%). 

Hydrolysis of 2 : 3-dimethyl y-xylonolactone. The specific rotation 
of 2 : 3-dimethy] xylonic acid, when determined in the usual manner, 
was found to be [a]? + 30-4° in water (c = 1, calculated as lactone), 
and the conversion of the acid into the lactone was followed polari- 
metrically. The reaction velocities were very small and the 
behaviour throughout was exactly similar to that observed with 
other y-lactones.. The equilibrium value [«]#” + 69° was reached in 
about 400 hours from the lactone side, and the proportion of lactone 
then present was approximately 58%. For the conversion of the 
lactone into the acid at 20° the value of the velocity coefficient k,+hk, 
was approximately 3-0 x 10-3 (in hours and decimal logarithms). 


Lactone to acid. Acid to lactone. 


t (hrs.). [alp . % Lactone. t (hrs.). [ap - % Lactone. 

0 +97° 100 0 +30-4° 0 

24 89 86-5 24 36-8 9-6 

48 85-7 84-5 72 46-1 23-6 

96 81-4 76-6 96 50-5 30-2 

144 77-2 70-3 144 56-2 38-8 

264 71:3 61-5 264 60-5 45-3 

384 69 58 500 62-1 48-6 
500 69 58 700 63 49 
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Conversion of 2 : 3-dimethyl y-xylonolactone into 2 : 3 : 5-trimethyl 
xylonolactone. The dimethyl lactone (1-3 g.) was treated twice with 
‘methyl iodide and silver oxide and then distilled, giving 2 : 3: 5. 
trimethyl y-xylonolactone as a mobile colourless liquid (1-1 g.), 
b. p. about 84°/0-03 mm., nf" 1-4426, [«]}f;, + 100° (initial in water, 
c= 1-5). The corresponding acid gave [«]}%,, -+ 41° in water (c = 
1-3, calculated as lactone). Further proof of the identity of this 
lactone was obtained by preparing from it in good yield the corre. 
sponding phenylhydrazide. This crystallised from benzene in 
rosettes of needles, m. p. 89°, alone or when mixed with an authentic 
specimen of the phenylhydrazide of 2 : 3: 5-trimethyl xylonic acid 
prepared by Haworth and Porter (loc. cit.). 

Methylation of Xylan with Sodium Hydroxide and Methyl Sulphate. 
—Methy] sulphate (130 c.c.) was added slowly with efficient stirring 
to a solution of xylan (8-67 g.) in 30% aqueous sodium hydroxide 
(225 c.c.) maintained at. 85°. After the addition of sufficient 
sulphuric acid (50%) to neutralise almost the whole of the residual 
alkali, the solution was boiled ; methylated xylan then separated and 
was collected by filtering the hot liquid through muslin. The amount 
of methylated xylan remaining in the filtrate was usually negligible. 
The crude methylated xylan was dried and powdered by trituration 
under cold ether (yield, 13-1 g.). It contained methylated xylan 
(8-23 g.; yield, 83% of the theoretical), sodium sulphate (2-75 ¢.), 
sodium methyl sulphate (1-22 g.), silica (0-47 g.), and moisture 
(0-53 g.). The amount of silica was estimated by oxidising a weighed 
portion with nitric acid and weighing the insoluble residue. The 
sodium sulphate was determined by precipitating with barium 
chloride an aliquot portion of the filtrate from the silica estimation. 
The sodium methyl sulphate remaining in the filtrate from the last 
operation was converted into sodium sulphate by boiling with con- 
centrated alkali solution and then estimated in the usual way. 
Alternatively, an aliquot portion of the filtrate from the silica estim- 
ation was boiled with alkali and the total sulphate estimated, the 
amount of sodium methyl sulphate being obtained by difference. 
The same value was obtained by both methods. 

The crude methylated xylan (5 g.) was freed from sodium methyl 
sulphate by boiling for 3 hours with 7° sodium hydroxide solution 
(120c.c.). After neutralisation with 50% sulphuric acid the solution 
was evaporated to dryness on the water-bath. The residue, after 
being dried for several hours at 60°/10 mm., was repeatedly extracted 
with boiling chloroform. The filtered chloroform solution when 
evaporated under diminished pressure gave a glassy solid (2:7 g-); 
which was again dissolved in chloroform. Addition of ether now 
yielded a white flocculent precipitate of purified methylated xylan, 
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which was collected, washed with ether, and dried in a vacuum 
desiccator (yield, 2-3g.). Ash content, 1-2% (Found : OMe, 29-2%); 
[a]; — 85° in chloroform (¢ = 0-27), [«}” — 116° in water (c = 0-33). 

The partly methylated xylan was treated on numerous occasions 
under very varied conditions with methyl sulphate and sodium 
hydroxide, but in no case could the methoxyl content be raised 
beyond 30%. 

Hydrolysis of methylated xylan (OMe, 29%). When the above 
partly methylated xylan was boiled with 1-2% methyl-alcoholic 
hydrogen chloride, solution was completed in 26 minutes. At this 
stage the high levorotation of the original product had fallen to zero 
and after a further 108 minutes a constant value [«]# + 74° was 
reached, equivalent to [a]? + 62° calculated on the amount of 
hydrolysed material. This value is intermediate between the 
equilibrium values, now determined under similar conditions, for 
2: 3-dimethyl methylxyloside, +- 43°, and methylxyloside, -++ 76°. 

An experiment made with 10-9 g. of methylated xylan yielded 
12/1 g. (92% of the theoretical yield) of hydrolysed product in the 
form of a mobile liquid which gave on distillation (a) 0-12 g., b. p. 
85—95°/0-01 mm. (Found: OMe, 54-0%)—this was probably 
decomposed material; (6) 7-0 g. of 2 : 3-dimethyl methylxyloside, 
b. p. 110—118°/0-03 mm., nif’ 1-4570, [a] + 43° (equilibrium in 
methyl alcohol containing 1% of hydrogen chloride; ¢ = 4-7) 
(Found : OMe, 47-8%); (c) 3-2 g. of monomethyl methylxyloside, 
b. p. about 140°/0-03 mm., nif" 1-4753, [a] + 63° (equilibrium value 
in methyl alcohol containing 0-8°% of hydrogen chloride; c = 1-6) 
(Found : OMe, 34:0. Cale., 34-99%); (d) undistillable residue, 1-1 g. 
These figures indicate that the methylated xylan was an inseparable 
mixture or solid solution containing, in effect, dimethyl xylan (60%), 
monomethy] xylan (25%), and unmethylated xylan (15%). 

Treatment of Partly Methylated Xylan with Methyl Iodide and 
Silver Oxide—Attempts to obtain dimethyl xylan by treating the 
partly methylated substance with methyl iodide and silver oxide 
under slight pressure (l0—15 cm. of mercury) were unsuccessful 
(compare Heuser and Ruppel, loc. cit.). Surprising and unexpected 
results were, however, obtained in experiments in which these 
reagents were employed at 90—100°, the reaction being conducted in 
sealed tubes as described by Heuser and Ruppel. Finely divided 
methylated xylan (4 g.; OMe, 29%,) was mixed with silver oxide 
(20 g.) and placed in a Carius tube with methyl iodide (32 c.c.), 
special care being taken to ensure thorough mixing of solid and 
liquid. After 3 days at 100° the considerable gas pressure was 
released. The contents of the tube were then extracted with boiling 
chloroform and on removal of the solvent a stiff syrup remained which 

30 
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vigorously reduced Fehling’s solution (yield, 4 g. Found: OMe, 
35:1%). After one further methylation with methyl iodide and 
silver oxide (yield, 4-2 g. from 3-9 g.) the reducing action had dis. 
appeared and the methoxyl content had risen to 43-8%. When 
this material was heated in a vacuum, a considerable portion of 
it (9-6 g. from 16-9 g.) was found to be volatile. Distillation 
commenced when the bath temperature was 73°/0-1 mm., con- 
tinued steadily while the temperature was raised slowly to 150°, 
and ceased entirely at 175/0:1 mm. A clear transparent gum 
remained, which set when cold to a hard glass. 

Examination of the volatile portion. This was divided into three 
portions by fractional distillation: (a) 4:46 g., mainly 2:3:4- 
trimethyl methylxyloside, b. p. 65°/0-1 mm., nif" 1-4420, [«]Jp° + 19:5° 
in water (c = 1:44). This was neutral to litmus and non-reducing 
until hydrolysed with acid. Treatment of a weighed sample with 
excess of hot N/10-sodium hydroxide solution showed that lactones 
or esters were present, if at all, in negligible amounts (Found : OMe, 
56-6. Calc. for C,H,,0,; : OMe, 60-2%). 

(6) 3-72 G., mainly 2: 3-dimethyl methylxyloside, b. p. 95— 
105°/0-1 mm., nj 1-4551, [«]f +- 35-2° in water (c = 1-37). This 
was neutral to litmus, non-reducing until after hydrolysis with acid, 
and contained negligible quantities of oxidation products (Found: 
OMe, 48-2. Calc. for CgH,,0,; : OMe, 48-2%). 

(c) 0-9 G., b. p. 120—160°/0-1 mm., nj 1-4630. This was very 
viscous, reduced Fehling’s solution, and was evidently an incom- 
pletely methylated portion. 

Fractions (a) and (6b) together constituted 91% of the volatile 
portion of the methylated xylan. That they were in reality xylose 
derivatives was proved by obtaining from them in good yield 
crystalline trimethyl xylose. For this purpose the remainder of 
(a) and (6) (7-7 g. in all) was methylated twice in the usual way by 
Purdie’s reagents. The product (7-2.g.) was a colourless mobile 
liquid having the properties of 2:3 : 4-trimethyl methylxyloside, 
b. p. 115°/17 mm., nif" 1-4407 (Found : C, 51:7; H, 8-8; OMe, 58:2. 
Cale. for C,H,,0, : C, 52-5; H, 8-8; OMe, 60-2%). 

The distillate was hydrolysed with 3° aqueous hydrochloric acid 
for 1 hour at 100°. When the product was extracted in the usual 
way, crystalline 2 : 3 : 4-trimethyl xylose was obtained in good yield, 
m. p. 90—93° alone or when mixed with an authentic specimen. 
When it was heated with 1% methyl-alcoholic hydrogen chloride, 
the equilibrium rotation, calculated as trimethyl methylxyloside, 
was [«]®" + 50°, in agreement with the value previously recorded. 

It was thus apparent that treatment of methylated xylan in 
sealed tubes at 90° with methyl iodide and silver oxide resulted in 
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extensive hydrolysis, unaccompanied, however, by oxidation. An 
explanation was thus afforded of the statements of Heuser and 
Ruppel and of Komatzu, Inoue, and Nakai that the specimens of 
dimethyl xylan prepared by them became solid only after being 
heated for some days at 80° in a vacuum. It is obvious that 
hydrolysis had occurred in the course of their experiments and that 
during the drying process a portion of the volatile products escaped. 
Examination of the solid residue. The residue left after removal 
of the volatile portions of the methylated xylan was a clear trans- 
parent glass, which was very hygroscopic. It corresponded exactly 
to the substances described by Heuser and Ruppel and by Komatzu, 
Inoue, and Nakai as dimethyl xylan, and the analytical figures were 
in fortuitous agreement with those required for dimethyl xylan 
(Found: C, 51-8; H, 7-9; OMe, 38-2. Cale. for C,H,,0,: C, 
52:5; H, 7-6; OMe, 38-8%). The specific rotation, [«]>” + 20° in 
chloroform (¢ = 1-1), was slightly lower than that recorded by the 
earlier authors and this indicated that the material now described 
had been separated more completely from the accompanying 
hydrolysis products. In confirmation of this view it was found that 
in another experiment, after very prolonged heating in a high 
vacuum, the solid residue showed [a]? + 14-5° in chloroform 
(c= 1-6). In the latter case little or no trace of trimethyl xylose 
was obtained on hydrolysis, whereas the specimen with [«]f" + 20° 
gave rise to some 12% of trimethyl xylose, and therefore could not 
have been completely free from hydrolysed products. The hydro- 
lyses were carried out and the products identified by the methods 
described above. The solid material ([{«]?" + 20°) gave after treat- 
ment with methyl-alcoholic hydrogen chloride 2 : 3 : 4-trimethyl 
methylxyloside (14% by weight), 2:3-dimethyl methylxyloside 
(57%), monomethyl methylxyloside (22%), and a glassy residue 
(15%) (total yield, 85% of the theoretical). The solid ([«]f° + 14°) 
gave under similar conditions 2 : 3-dimethyl methylxyloside (50%), 
monomethyl methylxyloside (28%), and a solid residue (20%). 
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CCXXXI.—T he Synthesis of meso-Alkyl and meso- Aryl 
Anthracene Derivatives. Part VI. 


By Epwarp pg Barry Barnett and Norman FREDERICK 
Goopway. 


In Part V (this vol., p. 20) it was shown that the dihydroanthranol 
obtained by the action of magnesium phenyl bromide on 1 : 5-di- 
chloro-9-benzhydrylanthrone was isomerised by heat. An examin. 
ation of the corresponding unchlorinated compound has failed to 
reveal any tendency to undergo a similar change. Like the corre. 
sponding 1 : 5-dichloro-compound, however, 9-benzhydrylanthrone 
gives erratic results on treatment with Grignard solutions. In 
most cases, resinous products only were obtained, although the 
preparation of 9-methyl(or benzyl)-10-benzhydryl-9 : 10-dihydro. 
anthranol-9 takes place smoothly. These, however, differ from 
the corresponding 1 : 5-dichloro-compounds by undergoing trans- 
annular loss of water and not of benzhydrol and thereby passing 
into the 9-alkyl-10-benzhydrylanthracene. The phenylbenzhydry!- 
dihydroanthranol mentioned above, on treatment with an acid, 
gave a fluorescent product which was probably 9-phenyl-10-benz- 
hydrylanthracene; its poor power of crystallisation, however, 
rendered its purification impossible. 

2-Methyl-9-anthrone (I) (prepared by loss of water from 4’-methy!- 
diphenylmethane-2-carboxylic acid; Limpricht, Annalen, 1901, 
314, 241) gave as a rule only resinous products on treatment with 
Grignard solutions, but 2 : 9-dimethylanthracene (II) (in poor yield) 
and 9-benzyl-2-methylanthracene (III) (in excellent yield) were 
obtained from it. This is in harmony with the general rule that 
magnesium benzy! chloride reacts most smoothly with an anthrone. 


CO CH,Ph 


- Oo" Oto 


(I.) CH, (II.) 


2:9-Dimethylanthracene differs materially from 9-methyl- 
anthracene in its behaviour towards bromine. For instance, 
Barnett and Matthews (Ber., 1926, 59, 1429) showed that the 
latter is first brominated to 10-bromo-9-methylanthracene (IV) 
and that further bromination leads to lateral substitution (V) and 
finally to the formation of a : 10-dibromo-9-methylanthracent 
tetrabromide (VI) : 
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‘CH, - ‘CH,Br -CH,Br 
(Hic CoH CH < oC Hy CoH < [>CoHa Br, 
r 


(IV.) yh (VI.) 

2:9-Dimethylanthracene on the other hand yields first a mono- 
bromo-compound containing a reactive bromine atom (formation 
of piperidino- and anilino-derivatives) which, in view of its deep 
yellow colour, is undoubtedly 9-bromomethyl-2-methylanthracene 
(VII). The further action of bromine on this leads to the facile 
formation of a dibromo-compound in which the new bromine atom 
is non-reactive and to which formula (VIII) is assigned. 


CH,Br C-CH,Br CH,Ph 
CHy< [oat gMe[2] C,.H< | >CoHable C,H <[>Cith Me 


(VII.) (VIII.) (IX.) 


9-Benzyl-2-methylanthracene, on the other hand, on bromin- 
ation resembles 9-benzylanthracene (Cook, J., 1926, 2160) and 
gives 10-bromo-9-benzyl-2-methylanthracene (IX), the further action 
of bromine being very sluggish and consisting in addition and not 
substitution. The additive compound was not obtained in the 
pure state but was almost certainly a.dibromide. In the latter 
respect 10-bromo-9-benzyl-2-methylanthracene differs from 10- 
bromo-9-benzylanthracene, as this gives a tetrabromide (Cook, 
loc. cit.), but resembles 2-chloro-10-bromo-9-benzylanthracene 
(Barnett and Wiltshire, J., 1928, 1822). 

3-Methyl-9-anthrone (X) has been described by Liebermann 
and Mamiock (Ber., 1905, 38, 1792) and by Padova (Ann. Chim., 
1910, 19, 395) as being obtained by the reduction of 2-methyl- 
anthraquinone with tin and hydrochloric acid in acetic acid solu- 
tion. The former investigators give the melting point as 80—84° 
(the analysis recorded indicates an impure product), and the latter 
86—88°. Experience renders it improbable that 3-methyl-9- 
anthrone would differ materially in melting point from the isomeric 
2-methyl-9-anthrone (m. p. 103°), and an investigation of the 
reduction product of 2-methylanthraquinone obtained both by the 
tin-hydrochloric acid method and by the aluminium powder- 
concentrated sulphuric acid method (D.R.-P. 201,542) has shown 
that the product is undoubtedly a mixture of isomerides (compare 
Barnett and Matthews, J., 1923, 123, 2549, on the similar mixture 
of isomerides obtained by the reduction of 2-chloroanthraquinone). 
From this mixture it is possible by fractional crystallisation from 
methyl aleohol to obtain 3-methyl-9-anthrone, which melts when 
pure at 101° (depressed by addition of 2-methyl-9-anthrone). The 
very similar solubility of the two anthrones and the exceedingly 
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poor power of crystallisation exhibited by the mixture render the 
preparation of 3-methyl-9-anthrone very laborious and the yield 
of pure product obtained does not exceed 5% of the weight of the 
crude mixture. However, by acetylating the crude mixture, 
repeatedly crystallising the resulting anthranyl acetates (X1), and 
hydrolysing the product, the pure anthrone is obtained in yields 
amounting to 10% of the weight of 2-methylanthraquinone reduced. 


co 
-O-COMe 
(X.) C,H,<|*>C,H,Me (X1) 


H, 

On treatment with magnesium methyl iodide, 3-methyl-- 
anthrone gives 3: 9-dimethylanthracene in poor yield, and this 
reacts with bromine in exactly the same way as the isomeric 
2 : 9-dimethylanthracene, giving first the w-bromo-compound (XII) 
and then the dibromo-compound (XIII). 


I CH,Br CH,Br 


(XIL) C,H,< aCe sH,Me[3] - C Hac] Sa Me (XIIL) 


The monobromo-compound reacted at once with piperidine with 
evolution of heat, the product being completely soluble in dilute 
hydrochloric acid to give a fluorescent solution. 

9-Benzyl-3-methylanthracene was obtained in good yield from 
3-methyl-9-anthrone and magnesium benzyl chloride. It behaved 
towards bromine in the same way as the isomeric 9-benzyl-2-methyl- 
anthracene. 

The results obtained by the bromination of the above @-methyl- 
ms-methyl(and benzyl)anthracenes are difficult to explain. In 
every case bromination obviously takes place by the preliminary 
formation of an unstable dibromide (XIV), which can then lose 
hydrogen bromide in two directions : 


‘CH,Br C°CH, Br-C-CH,R 1Sx Ph 
_ >x <— X< SX <— X< SX pi Ril | |>x 


aa ) oo . poy ¥ (XV.) 


Transannular loss of hydrogen bromide by the benzyl com- 
pound leads to (XV), but in the case of the methyl compounds 
loss of hydrogen bromide must first lead to the formation of the 
methylene derivative (XVI), subsequent migration of the bromine 
atom resulting in the production of (XVII) (compare Cook, Ber. 
1927, 60, 2366; J., 1928, 2798; Barnett and Goodway, Ber. 
1929, 62, 423). Since in the benzyl compound the phenyl group 
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should lead to increased reactivity of the methylene hydrogen 
atoms, the mode of loss of hydrogen bromide by the two dibrom- 
ides is the reverse of what would be expected. The course of the 
reaction is obviously profoundly influenced by the methyl group 
in the side ring, but theoretical speculations on the nature of this 
influence cannot be indulged in profitably at present. 


EXPERIMENTAL. 


The reaction between 9-benzhydrylanthrone and a Grignard 
reagent was carried out by adding the finely powdered anthrone 
(5-4 g.) to the reagent (3 mols.) in a freezing mixture, keeping the 
whole for 2 hours at the ordinary temperature, and pouring it on 
a mixture of ice and solid ammonium chloride. In some cases the 
whole of the dihydroanthranol was brought into solution by the 
addition of ether; in others, where the dihydroanthranol was only 
sparingly soluble, part of it remained undissolved. 

10-Benzhydryl-9-methyl-9 : 10-dihydroanthranol-9, obtained from 
9-benzhydrylanthrone and magnesium methyl iodide and recrystal- 
lised from aqueous acetone and from. benzene-light petroleum, 
formed colourless crystals, m. p. 216° (Found: C, 89-3; H, 6-5, 
C,,H,,0 requires C, 89:3; H, 6-4%). 

10-Benzhydryl-9-methylanthracene, prepared from the above di- 
hydreanthranol by heating for an hour on the water-bath with glacial 
acetic acid containing hydrochloric acid, separated from benzene— 
light petroleum in colourless crystals with a strong violet fluores- 
cence (Found: OC, 93-8; H, 63. CygH.. requires C, 93-85; H, 
615%). 

10-Benzhydryl-9-benzyl-9 : 10-dihydroanthranol-9, obtained from 
9-benzhydrylanthrone and magnesium benzyl chloride, formed 
colourless crystals, m. p. 181°, from aqueous acetone (Found : 
C, 89-9; H, 6-1. C,,H,,0 requires C, 90-2; H, 6-1%). 

10-Benzhydryl-9-benzylanthracene, prepared from the above di- 
hydroanthranol by heating for an hour on the water-bath with 
acetic acid containing hydrochloric acid, separated from aqueous 
pyridine and from benzene-light petroleum in colourless crystals, 
m. p. 236° (Found: C, 94-1; H, 6-1. C,,H,¢ requires C, 94-0; 
H, 60%). 

9-Phenyl-10-benzhydryl-9 : 10-dihydroanthranol-9, obtained from 
9-benzhydrylanthrone and magnesium phenyl bromide, formed 
colourless crystals, m. p. 222°, from aqueous acetone and from 
benzene-light petroleum (Found : C, 90-3; H, 6-0. C3g3H 3,0 requires 
C, 90-4; H, 5-9%). 

2-Methyl-9-anthrone (1).—This was obtained by reducing toluoyl- 
benzoic acid with zine dust and ammonia in the same way as benzoyl- 
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benzoic acid (Barnett, Cook, and Nixon, J., 1927, 504) and subse. 
quently closing the ring by treatment with cold concentrated 
sulphuric acid (Limpricht, loc. cit.). The latter process is accom. 
panied by considerable loss by sulphonation and the yield does 
not exceed 50%. The pure anthrone (recrystallised from methyl 
alcohol) melts at 103° and not at 100° as stated by Limpricht. 

2-Methyl-9-anthranyl acetate (XI), obtained from the above 
anthrone by the pyridine-acetic anhydride method (Barnett, 
Cook, and Matthews, J., 1923, 123, 389, 2640) and recrystallised 
from acetic acid and from benzene-light petroleum, was slightly 
yellow and melted at 143° (Found: C, 81-3; H, 5-8. C,,H,,0, 
requires C, 81:6; H, 5-6%). 

2-Methyl-9-anthranyl methyl ether, obtained by methylating the 
anthrone in boiling alcoholic alkaline solution with methyl] p-toluene- 
sulphonate (Barnett, Cook, and Matthews, J., 1923, 123, 2001), 
formed colourless crystals, m. p. 77°, from methyl alcohol (Found : 
C, 86-2; H, 63. C,gH,,0 requires C, 86-5; H, 63%). 

3-Methyl-9-anthrone (X) and 3-Methyl-9-anthranyl Acetate (X1).— 
2-Methylanthraquinone was reduced by the aluminium powder- 
concentrated sulphuric acid method, and the dried crude product 
acetylated by heating on the water-bath with pyridine (2 c.c. per g.) 
and acetic anhydride (1 c.c. per g.). After an hour the solution 
was heated to boiling, cooled, the excess of acetic anhydride destroyed 
by the cautious addition of water, and the whole diluted with a 
large volume of water. The dark solid obtained, after repeated 
crystallisation from alcohol (animal charcoal), became colourless; 
it then melted at 139° (constant) and depressed the m. p. of the 
2-methyl-9-anthranyl acetate described above. For analysis 4 
sample was recrystallised from benzene-light petroleum (Found : 
C, 81-5; H, 5-7. C,,H,,0, requires C, 81-6; H, 5-6%). 

Potassium hydroxide (1 part) in 50% aqueous solution was slowly 
added to 3-methyl-9-anthranyl acetate (3 parts) in boiling alcoholic 
solution, nitrogen being passed through the flask in order to prevent 
oxidation. After boiling for 10 minutes, the solution was cooled, 
acidified with hydrochloric acid, and diluted with water. The 
resulting solid was recrystallised from methyl alcohol and was 
then slightly yellow and melted at 101°; it was identified as 3-methy/- 
9-anthrone. For analysis a sample was recrystallised from benzene- 
light petroleum (Found: C, 86-4; H, 5-8. C,;H,,0 requires (, 
86-5; H, 58%). 

2 : 9-Dimethylanthracene (I1),—The anthrone (11 g.) was added 
to magnesium methyl iodide (3 mols.) in a freezing mixture and, 
after remaining over-night at the ordinary temperature, the whole 
was decomposed with ice and solid ammonium chloride in the 
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usual way. The oil left on evaporation of the washed ethereal 
solution was heated on the water-bath for a few minutes with 
acetic acid containing hydrochloric acid, and the solid obtained 
on cooling and dilution was crystallised several times from methyl 
alcohol and finally from light petroleum. It was then yellow and 
melted at 85° (yield, 3 g.) (Found: C, 93-0; H, 6-8. C,.H,, 
requires C, 93-2; H, 68%). The poor yield is largely due to the 
enolising action of the Grignard solution, but the use of 2 or 5 mols. 
of magnesium methyl iodide failed to improve it. Part of the 
unchanged anthrone can be removed by washing the ethereal 
solution several times with very dilute sodium hydroxide solution, 
but the solubility of the sodium salt of the anthranol in ether 
renders impracticable the removal of the whole of it by this method. 

3: 9-Dimethylanthracene, obtained from 3-methyl-9-anthrone and 
magnesium methyl iodide exactly as described above, formed 
slightly yellow crystals from methyl alcohol and from light petrol- 
eum. It melted at 85° and depressed the m. p. of 2 : 9-dimethyl- 
anthracene (Found : C, 93-1; H, 6:9%). 

9-Bromomethyl-2-methylanthracene (VII).—Bromine (2-4 g.; 1 
mol.) in 5 c.c. of carbon disulphide was. slowly added to 3 g. of 
2: 9-dimethylanthracene in 10 c.c. of carbon disulphide cooled in 
a freezing mixture. The bromine was taken up instantly, but 
very little hydrogen bromide was evolved until the solution was 
allowed to reach the ordinary temperature. When the evolution 
had ceased, most of the carbon disulphide was evaporated in a 
current of air, and light petroleum added. The resulting solid, 
after recrystallisation from benzene-—light petroleum and from 
benzene, formed deep yellow crystals, m. p. 150° (with violent 
decomp. to a red liquid) (Found: C, 67-2; H, 4-6. C,,H,,Br 
requires C, 67-4; H, 4-6%). 

When 8 : 9-dimethylanthracene was treated with bromine under 
the above conditions, a yellow product was isolated which melted 
with violent decomposition to a red liquid at 145°. Analysis, 
however, suggested that this monobromo-compound (XII) was not 
quite free from dibromo-compound and insufficient material was 
available to enable thorough purification to be effected (Found : 
C, 66-4; H, 4°7%). 

10-Bromo-9-bromomethyl-2-methylanthracene (VIII) was obtained 
by adding bromine (1 mol.) to a suspension of the above mono- 
bromo-compound (VII) in carbon disulphide at the ordinary tem- 
perature. It was also obtained, together with unchanged material, 
on one occasion when the bromination of 2 : 9-dimethylanthracene 
was carried out by the addition of 1 mol. of bromine at the ordinary 
a After recrystallisation from benzene it formed 

02 
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yellow crystals, m. p. 190° to a red liquid (Found: C, 52-8; H, 
3-45. C,gH,.Br, requires C, 52-75; H, 3-3%). 
10-Bromo-9-bromomethyl-3-methylanthracene (XIII), prepared in 
the same way from (XII), formed yellow needles, m. p. 186° to a 
red liquid (Found: C, 52-7; H, 3-4%). 
9-Piperidinomethyl-2-methylanthracene.—When 1 g. of 9-bromo- 
methyl-2-methylanthracene, suspended in 5 c.c. of chloroform, was 
treated with 1 c.c. of piperidine in 5 c.c. of chloroform, a clear 
solution was formed at once with evolution of heat. After an 
hour the chloroform was evaporated; the residue, having been 
washed with methyl alcohol, separated from aqueous alcohol in 
almost colourless crystals, m.-p. 128° (Found: C, 87-0; H, 8-2. 
C,,;H,,N requires C, 87-2; H, 7-95%). 
9-Anilinomethyl-2-methylanthracene—A mixture of 1 g. of 9.- 
bromomethyl-2-methylanthracene and 5 c.c. of aniline, which 
reacted at the ordinary temperature, was heated for a few minutes 
on the water-bath. The solid obtained on cooling and dilution 
with methyl alcohol, after recrystallisation from aqueous alcohol, 
was very pale yellow and melted at 159° (164° after solidifying 
and re-heating) (Found: C, 88-7; H, 6-7. C,,H,,N requires (, 
88-9; H, 6-4%). 
10-Bromo-9-piperidinomethyl-2-methylanthracene was prepared 
from 10-bromo-9-bromomethyl-2-methylanthracene (1-5 g.) and 
1-5 c.c. of piperidine in 30 c.c. of chloroform. The solid obtained 
by concentrating and cooling the solution, after being washed with 
methyl alcohol and recrystallised from alcohol, was pale yellow 
and melted at 167° (Found: C, 68-6; H, 6-4. C,,H,.NBr requires 
C, 68-5; H, 6-0%). 
10-Bromo-9-piperidinomethyl-3-methylanthracene, similarly _ pre- 
pared, formed long, silky, yellow needles, m. p. 140° from alcohol 
(Found: ©, 68-5; H, 6-3. C,,H,.NBr requires C, 68-5; H, 6-0°). 
10-Bromo-9-anilinomethyl-2-methylanthracene, prepared from | g. 
of 10-bromo-9-bromomethyl-2-methylanthracene and 5 c.c. of 
aniline and isolated in the same way as the preceding anilino- 
compound, separated from alcohol in pale yellow crystals, m. p. 144° 
(Found : C, 70-1; H, 5-1. C,,H,,NBr requires C, 70-2; H, 4:8%). 
9-Benzyl-2-methylanthracene (III).—This was prepared in the 
usual way from 2-methyl-9-anthrone and magnesium benzyl chlor- 
ide, the dihydroanthranol not being purified but at once converted 
into the anthracene by heating on the water-bath with acetic acid 
containing hydrochloric acid. The yield was 9 g. from 11 g. of 
the anthrone, and the substance separated from methyl alcohol in 
almost colourless crystals, m. p. 139° (Found: C, 93:5; H, 6-4. 
C,,.H,, requires C, 93-6; H, 6-4%). 
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9-Benzyl-3-methylanthracene, prepared from 3-methyl-9-anthrone 
in exactly the same way as the above, formed almost colourless 
crystals, m. p. 101°, from methyl alcoho! and from light petroleum 
(Found: C, 93-5; H, 6-6%). 

10-Bromo-9-benzyl-2-methylanthracene (IX).—This was prepared 
in the same way as 9-bromomethyl-2-methylanthracene (bromine, 
3-2 g., in carbon disulphide, 5 c.c.; 9-benzyl-2-methylanthracene, 
5-6 g., suspended in 20 c.c. of carbon disulphide). The solid pre- 
cipitated by the light petroleum separated from benzene as a bright 
yellow, crystalline powder, m. p. 164° (Found: C, 73-3; H, 4:8. 
C..H,,;Br requires C, 73-1; H, 4:7%). 

10-Bromo-9-benzyl-3-methylanthracene, similarly obtained from 
9-benzyl-3-methylanthracene, formed pale yellow crystals, m. p. 
139°, from benzene-light petroleum. It is much paler in colour 
and much more soluble than the isomeride described above (Found : 
C, 73:2; H, 49%). 

Both the above bromo-compounds were recovered unchanged 
after boiling for an hour with piperidine in chloroform solution 
and after heating for an hour on the water-bath with aniline. 


One of the authors (E. de B. B.) desires to express his thanks 
to Imperial Chemical Industries, Ltd., for a grant from which 
some of the expenses of this research have been met. 
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CCX XXITI.—-Synthesis of Some Phenyl Styryl Ketones 
and Related Compounds. 


By NicHoias MicHAEL CULLINANE and Davip PHILPOTT. 


One of the recognised methods for the synthesis of flavones is the 
action of sodium or potassium hydroxide on the dibromides of 
o-acetoxy- or o-hydroxy-phenyl styryl ketones. The possibility of 
the formation in this way of 5:7 : 2’ : 4’-tetrahydroxyflavone was 
therefore investigated. The structure of this flavone was attributed 
by Dunstan and Henry (Phil. Trans., 1901, 194, 515) to lotoflavin, 
the yellow colouring matter of Lotus arabicus, but the recent 
synthesis of the flavone by Robinson and Venkataraman (this 
vol., p. 61; compare Cullinane, Algar, and Ryan, Proc. Roy. Dublin 
Soc., 1928, 19, 77) throws considerable doubt on this view. It 
frequently happens, however, that, instead of flavones, the isomeric 
benzylidenecoumaranones are produced in reactions of this kind. 
Kostanecki and Tambor (Ber., 1899, 32, 2263) consider that the 
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ease of formation of a 5- or a 6-membered ring in such cases depends 
upon the stability of the acetyl group of the o-acetoxychalkone 
dibromide. If the acetate is easily hydrolysed, the first product isa 
free hydroxychalkone dibromide (I), which by the further action 
of alkali loses hydrogen bromide, giving a flavone (III). If the 
acetate is hydrolysed with difficulty, hydrogen bromide is first 
eliminated in the chain, and the resulting «-bromohydroxychalkone 
(IV) yields a benzylidenecoumaranone (V). 


OH CHRBr 
34 | XOe pa 
CO—CHBr 
(I.) (II.) 
OH CHR 


0 
hte 
av | YCCHR 
CO—CBr CO 


However, this explanation was found to be unsatisfactory, for many 
o-hydroxychalkones are readily converted into benzylidenecou- 
maranones. Furthermore it was shown by Auwers and Anschiitz 
(Ber., 1921, 54, 1543) that it is possible in certain cases to obtain 
either a flavone or a coumaranone from the same o-hydroxy- or 
o-acetoxy-chalkone by altering the experimental conditions. For 
instance, 2-hydroxy- or 2-acetoxy-phenyl 4-methoxystyryl ketone 
dibromide (VI), on treatment with sodium hydroxide in the cold, 
gives 4’-methoxyflavone (VII), and in the heat 4’-methoxybenzyli- 
denecoumaranone (VIII). 


A C-CgH,OMe 
OR CHBr-C,H,-OMe it co/CH (VIL) 


oben He Se ¢ . 


peak 5 oH Cots OMe 
(VIII) 


According to these authors, in the formation of flavone an inter- 
mediate substance (II) is produced, and actually such a compound 
has been isolated by them. In the formation of coumaranone the 
intermediate production of (IV) was indicated. It was concluded 
that both reactions go on simultaneously, the velocity of each being 
affected by the external conditions, and by the nature and position 
of the substituents in both benzene nuclei. 

Many examples are known of the influence of substituents upon 
the formation of 5- or 6-membered rings in the above-mentioned 
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type of reaction, -It is noteworthy that when the chalkone is a 
phloroacetophenone derivative the production of a coumaranone is 
favoured. Furthermore, on bromination of such a chalkone 
bromine is liable to enter the phloroglucinol nucleus (compare 
Kostanecki and Tambor, Joc. cit.; also Tambor, Ber., 1911, 44, 
3219). Inthe present investigation analogous results were obtained. 
2-Hydroxy-4 : 6-dimethoxypheny] 2 : 4-dimethoxystyryl ketone (IX) 
was prepared by the condensation of phloroacetophenone 4: 6- 
dimethyl ether and 2 : 4-dimethoxybenzaldehyde. On bromination 
of the chalkone it was found that bromine had entered the nucleus, 
for the bromide on treatment with alkali (even under conditions 
which, according to the experiments of Auwers and Anschiitz, loc. 
cit., favoured the production of flavone) was converted into a 
bromo-derivative of a tetramethoxybenzytidenecoumaranone, from 
analogy with the results of previous investigators probably 
3:5:2' : 4’-tetramethoxy-4-bromobenzylidenecoumaran-2-one (X). 

Phloroacetophenone trimethyl ether was combined with salicyl- 
aldehyde, yielding 2 : 4: 6-trimethoxyphenyl 2-hydroxystyryl ketone 
(XI). This compound was readily converted by Robinson’s method 
into 2’: 4’ : 6’-trimethoxyflavylium chloride (X11). 


OH OMe 


MeO Me ~ i 
OMe C:CH{ OMe 
Br og” 


(Ix.) OMe COCH:CHE OMe OMe (X.) 
OMe 


Au ox 
Nile (XIL.) 
sa 


EXPERIMENTAL. 


2-Hydroxy-4 : 6-dimethoxyphenyl 2 : 4-Dimethoxystyryl Ketone (1X). 
—This compound was prepared by the condensation of phloro- 
acetophenone 4 : 6-dimethy] ether and 2 : 4-dimethoxybenzaldehyde. 
The aldehyde can be obtained by Gattermann’s method from 
resorcinol dimethyl ether (Gattermann, Annalen, 1907, 357, 369; 
compare Liebermann and Lindenbaum, Ber., 1908, 41, 1612). It 
can also be readily obtained in very good yield by the following 
method, which avoids the use of anhydrous hydrogen cyanide. 

Resorcylaldehyde-aniline, C,H,(OH),"CH(OH)-NH-C,H, (formed 
by the combination of formanilide and resorcinol), on hydrolysis 
with 5% sodium hydroxide solution, yields {-resorcylaldehyde 
(Dimroth and Zéppritz, Ber., 1902, 35, 995). This substance (8.g.) 
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was mixed with methyl] sulphate (70 c.c.), and a 50% solution of 
potassium hydroxide in water added in small portions with vigorous 
shaking until the mixture was permanently alkaline, the temperature 
being kept below 60°. A further 30 c.c. of methyl sulphate were 
then added and the above process was repeated, addition of alkali 
being continued until the mixture was strongly alkaline. Water 
was then added to the product and the precipitate was collected, 
washed with water, and recrystallised from alcohol, giving 2 : 4. 
dimethoxybenzaldehyde, m. p. 71°. The original filtrate was 
acidified and extracted with ether, but no residue was left after 
evaporation of the solvent, indicating that complete methylation 
had taken place. 

For the preparation of the chalkone, phloroacetophenone 4 : 6- 
dimethyl ether (4 g.) afid 2:4-dimethoxybenzaldehyde (3-6 ¢,) 
were dissolved in 30 c.c. of alcohol and potassium hydroxide 
(6 g. in 8 c.c. of water) was added. The solution was kept at 60° 
for 12 hours and then in a warm place over-night. The product 
was diluted with water, and acidified with 5°% acetic acid while the 
mixture was cooled. The yellow oily solid obtained, after being 
washed with water, soon solidified completely, and then crystallised 
from alcohol in yellow needles (4 g.), m. p. 128° (Found: C, 65-7; 
H, 5-8. Cale. for CygH,,0,: C, 66:3; H, 5-8%). The chalkone 
was slightly soluble in ligroin or ether, but readily soluble in hot 
alcohol, acetic acid, chloroform, or acetone. On addition of con- 
centrated sulphuric acid the crystals became red and dissolved to a 
deep red solution. This substance is mentioned by Kostanecki and 
Tambor (Ber., 1904, 37, 792), who give the m. p. as 152°. 

3:5: 2’ : 4’-Tetramethoxy-4-bromobenzylidenecoumaran-2-one (X ?). 
—To a solution of the chalkone (4 g.) in chloroform (15 c.c.) cooled 
in a freezing mixture, bromine (2-5 g.) in the same solvent (1 vol. of 
bromine to 9 vols. of chloroform) was added drop by drop with 
continuous shaking, hydrogen bromide being evolved. The mixture 
was kept over-night in the freezing mixture; the bromide had then 
partly separated. The product remaining after evaporation of the 
chloroform was washed with hot alcohol; the residue; a reddish 
powder readily soluble in acetone or chloroform, decomposed at 
about 230°. It was not further purified but was treated directly 
with alkali. Alcohol (150 c.c.) was added to the bromide (1 g.) and 
6 c.c. of 50% aqueous sodium hydroxide were poured into the hot 
mixture. The liquid was boiled for 10 minutes, and the yellow 
precipitate produced was collected after a while and washed with 
boiling alcohol and acetone. From a solution of the residue in 
chloroform, the benzylidenecoumaranone was obtained by evaporation 
of the solvent. It crystallised from acetone—chloroform in small, 
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bright yellow leaflets, not melting below 300° (Found: Br, 18-9. 
(,9H,,0,Br requires Br, 19-0%). The substance was only slightly 
soluble in benzene, alcohol, or acetone, but dissolved readily in 
chloroform. The solution in concentrated sulphuric acid was 
purplish-red. 

2:4:6-Trimethoxyphenyl 2-Hydroxystyryl Ketone (XI1).—This 
was prepared from phloroacetophenone trimethyl ether (2 g.) and 
salicylaldehyde (1-3 g.) in alcohol (20 c.c.), and potassium hydroxide 
(5 g. in 5 c.c. of water) in the same way as the preceding chalkone. 
It crystallised from hot alcohol in yellow prisms (1-5 g.), m. p. 
205-5° (decomp.) (Found: C, 68-4; H, 5-6. C,,H,,0, requires C, 
68:8; H, 5:-7%). The chalkone was slightly soluble in benzene, and 
readily soluble in ether, alcohol, or acetone. On treatment with 
concentrated sulphuric acid the crystals first became red and then 
dissolved, giving an orange solution. The solution in sodium 
hydroxide was bright yellow. 

2': 4’ : 6'-Trimethoxyflavylium Chloride (XI1).—Into a solution 
of the ketone (XI) in 40 c.c. of glacial acetic acid (a dark red colour 
developed on warming), dry hydrogen chloride was passed for 4 
hours. After 24 hours, the flavylium chloride partly separated, and 
the remainder was precipitated by the addition of much ether. The 
product, which was obtained in excellent yield, consisted when pure 
of red, woolly, hygroscopic needles, m. p. 162°. It may be recry- 
stallised from methyl alcohol-concentrated hydrochloric acid 
(Found: Cl, 10-8. C,,H,,0,Cl requires Cl, 107%). The salt is 
only slightly soluble in water or dilute hydrochloric acid, giving a 
deep yellow solution, decolorised by sodium hydroxide. The 
solution in concentrated sulphuric acid is orange. The chloride is 
not very soluble in acetone (orange solution), but is readily soluble 
in methyl or ethyl alcohol, or acetic acid (orange-red solution in 
each case). 

The ferrichloride was precipitated by addition of a hot solution 
of ferric chloride in concentrated hydrochloric acid to a boiling 
solution of the flavylium chloride in acetic acid. Recrystallisation 
from acetic acid yielded reddish-brown prisms, m. p. 198° (Found : 
Fe, 11-5. C,,H,,0,Cl,Fe requires Fe, 11-3%). The product was 
moderately readily soluble in hot acetic acid. 


THe TatemM LABORATORIES, UNIVERSITY COLLEGE, 
CARDIFF. (Received, July 8th, 1929.] 
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CCXXXITI.—The Interaction of Carbon Tetrabromide 
with Sulphur and Seleniwm. 


By Henry Vincent Arrp Briscoz, JoHN BuTrEeRy PEEL, and 
JoHN RicHarD ROWLANDS. 


Barta has studied the action of carbon tetrabromide on. sulphur 
(Ber., 1905, 38, 3067) and selenium (Chem.-Zig., 1906, 810). In 
the former experiment an intimate mixture of carbon tetrabromide 
(1, mol.) and sulphur (2 atoms) reacted at 160°, and liquid products 
were collected up to 195°, leaving a dark blue solid, consisting of free 
carbon, and a blue compound, C,Br,S,, soluble only in molten 
phenol. The liquid product on distillation yielded (1) a red liquid 
(b. p. 47—64°) consisting of carbon disulphide, free bromine, and a 
trace of substance supposed to be sulphur monobromide, and (2) a 
fraction (b. p. 165—185°) which, when freed from bromine, appeared 
as a red oily liquid that on solution in ether and addition of alcohol 
yielded a compound C,S,Br,, m. p. 123°. 

A mixture of carbon tetrabromide (1 mol.) and selenium (2 atoms), 
treated in a similar manner, yielded only a small quantity of liquid 
product at 190°, and the black solid residue, after extraction with 
carbon disulphide to remove traces of selenium mono- and tetra- 
bromides and carbon tetrabromide, appeared as a dark grey solid 
consisting essentially of two compounds: one, extracted with 
molten phenol, had the composition C,,Se;Br; and the other, 
C,Se,Br,, was a dark grey insoluble powder which on heating with 
very concentrated caustic soda solution yielded the compound 
C,Se. 

The reinvestigation here reported of the products formed under 
various conditions by the reaction of carbon tetrabromide with 
sulphur and with selenium has shown that in the former reaction the 
products are always sulphur monobromide, carbon disulphide, 
bromine, and free carbon; whilst selenium yielded its mono- and 
tetra-bromides, together with quantities of non-volatile residue 
insoluble in all solvents and apparently mainly a mixture of carbon 
and selenium. No indication has been observed of the more complex 
compounds reported by Bartal. 


EXPERIMENTAL. 


Preparation of Carbon Tetrabromide.—Carbon tetrabromide was 
prepared by a modification of the method of Habermann (Ber., 
1874, 6, 549) as fine white crystals, m. p. 91° (yield 90%), by 
thoroughly agitating bromoform (2-5 c.c.) for several hours with 
bromine (5 c.c.) dissolved in N-sodium hydroxide (300 c.c.). It 
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was washed well with water and dried over phosphoric oxide 
before use. 

The Reaction of Carbon Tetrabromide with Sulphur.—Carbon 
tetrrabromide (332 g.; 1 mol.) and flowers of suiphur (128 g.; 4 
atoms) heated in a distillation flask with a free flame yielded liquid 
products containing much free bromine up to 120°, and left a small 
residue consisting of sulphur (m. p. 119°, recrystallised from light 
petroleum) and a little black solid (4 g.) which, after refluxing with 
carbon disulphide and aleohol, contained a trace of sulphur but no 
bromine. The liquid product on fractionation through an 18-in. 
glass-bead column yielded a large buik (120 c.c.) of red liquid, b. p. 
46—56°, containing much free bromine, from which, after repeated 
washing with dilute caustic soda, carbon disulphide (20 c.c.; b. p. 
46-5—47-0°) was obtained. A dark red liquid tail-fraction (5 c.c.; 
b. p. 140—190°) contained much free bromine and was attacked, 
slowly by water and immediately by caustic soda, with deposition of 
sulphur. 

Repetition of this experiment with 1 mol. (332 g.) of carbon 
tetrabromide and 2 atoms of sulphur (64 g.) gave similar products, 
but the tail-fraction (b. p. 90—170°), unlike the corresponding 
distillate obtained in the previous experiment, contained dissolved 
carbon tetrabromide. 

The proportion of high-boiling liquid in the product was increased 
by refluxing carbon tetrabromide (110 g.; 1 mol.) with excess of 
sulphur (42 g.; 4 atoms) at 160° for several hours: the product on 
cooling was a brown-red liquid apparently containing no free 
bromine. On distillation, the fraction of b. p. 45—70° (15 c.c.), 
although containing some free bromine, consisted largely of carbon 
disulphide, but the main fraction (b. p. 130—180°; 30 c.c.) appeared 
partly to decompose with liberation of bromine. Aqueous caustic 
soda decomposed it immediately, depositing a plastic insoluble 
variety of sulphur, but it was only slowly attacked by water. After 
repeated washing with water to remove free bromine, it was dried 
over calcium chloride and appeared as a ruby-red oily liquid (d 2-6, 
the same as that given for S,Br,), with a smell suggestive of sulphur 
monochloride, and contained no carbon: it was slowly attacked by 
alcohol with deposition of sulphur (Found, in two separate prepar- 
ations: Br, 72:1, 72-5; S, 26-1, 27-7. Calc. for S,Br,: Br, 71-5; 
8, 28-5%). 

The Reaction of Carbon Tetrabromide with Selenium.—A mixture 
of carbon tetrabromide (1 mol.) and grey selenium (3 atoms) heated 

sealed tubes at 250° for 20 hrs. yielded a black solid mass from 
vhich drained a small quantity of a dark red oil (d 3-6, the same as 

hat given for Se,Br,), which was decomposed slowly by water and 
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caustic soda, and immediately by alcohol : it contained no carbon 
(Found: Br, 55:2; Se, 45-0. Cale. for Se,Br,: Br, 50:3; Se, 
49-7%). The black solid, after extraction with carbon disulphide 
to remove the last traces of selenium monobromide, was insoluble 
in all known solvents, and contained free selenium which could 
readily be extracted with concentrated nitric acid. The same 
experiment, repeated at 180°, gave selenium monobromide in a 
larger yield but containing dissolved carbon tetrabromide. 

A mixture of carbon tetrabromide (111 g.; 1 mol.) and excess of 
selenium (107 g.; 4 atoms), when heated until it gave no further 
distillate, yielded selenium monobromide (20 c.c.) containing a little 
dissolved carbon tetrabromide, and an orange-yellow hygroscopic 
solid (20 g.) very soluble in water and organic solvents, which was 
well washed with carbon tetrachloride and dried over calcium 
chloride (Found: Br, 80-8; Se, 19-8. Calc. for SeBr,: Br, 80-0; 
Se, 200%). The solid residue in the flask, after extraction with 
carbon disulphide, was apparently mainly grey selenium. 


Acknowledgment is made of a grant from the Department of 
Scientific and Industrial Research enabling one of us (J. B. P.) to 


take part in the work. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-ON-TYNE. [Received, May 24th, 1929.] 





CCXXXIV.—The Action of Phosphorus Pentachloride 
on Ethyl Tartrate. 


By THomas STEWART PATTERSON and ALEXANDER RoBER TUS Top. 


ACCORDING to the literature, the action of phosphorus pentachloride 
on tartaric acid yields chloromaleyl chloride (Perkin and Duppa, 
Compt. rend., 1860, 50, 441), which, however, Perkin later showed 
to be in reality chlorofumaryl chloride (J., 1888, 53, 695), or 4 
mixture of chlorofumaric and dichlorosuccinic acids (Walden, Ber., 
1893, 26, 210); whefeas on ethyl tartrate in the homogeneous con- 
dition it produces ethyl chlorofumarate (Henry, Compt. rend., 1870, 
71, 316), and on the ester in the presence of chloroform, it gives rise 
to ethyl 8-chloromalate (Walden, Ber., 1895, 28, 1291). In con- 
nexion with some other experiments, we have recently found it 
necessary to re-examine the direct action of phosphorus pentachloride 
on ethyl tartrate. 

To 200 g. of pure phosphorus pentachloride contained in a round- 
bottomed flask, fitted with a reflux condenser and cooled in water, 
50 g. of ethyl tartrate [«}%, (100 mm.) = 9-5°] were added in two 
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portions through the condenser: the second portion was added as 
soon as the very vigorous initial reaction had subsided, After some 
15 minutes the flask was heated on thé water-bath. Vigorous 
reaction again set in at a temperature of about 75°, and was com- 
pleted by heating on the boiling water-bath for 7—8 hours, after 
which time evolution of hydrogen chloride had practically ceased, 
and a homogeneous solution had been formed, although some 
phosphorus pentachloride crystallised out on cooling. The mixture 
was then gradually poured into water with constant stirring, the 
temperature being kept below 40°. The mixture was extracted with 
chloroform, the extract dried, and the chloroform removed on a 
water-bath, 20-—25 g. of a thick, dark liquid remaining. 

The product from 400 g. of ethyl tartrate treated in this way was 
distilled under 12—14 mm. pressure, and three distinct fractions 
were obtained : (i) 118—125°, a solid (ca. 16—20 g.); (2) 127—132°, 
a liquid (ea. 60 g.); (3) 160—165°, another solid (ca. 16—20 g.). 

Fraction 1 was recrystallised several times from light petroleum 
(b. p. 60—80°) ; it formed fine glittering plates which softened about 
112° and melted sharply at 117—118° (Found: Cl, 43%). In 
chloroform solution the compound was optically inactive. It dis- 
solved slowly in water to yield a strongly acid solution, which 
decolorised potassium permanganate solution immediately, and 
bromine water very slowly. 

By the addition of a solution of ammoniacal silver nitrate to the 
aqueous acid solution, a silver salt was prepared as a white crystalline 
precipitate ; this was recrystallised from hot water (Found: Ag, 
538%). The original substance would therefore seem to be dichloro- 
maleic anhydride (Cale.: Cl, 42-6%), from which, by hydrolysis, 
a silver salt should be obtained which requires Ag, 54-1%. 

Fraction 2 formed a colourless mobile liquid of «3, (100 mm.) = 
— 22-43°, and decolorised potassium permanganate solution. After 
nine distillations under reduced pressure, the rotation of a portion 
of b. p. 128—129°/12—14 mm. became constant at «}%;, (100 mm.) = 
— 27-2° (Found : Cl, 27-7%). 

This liquid, hydrolysed by boiling with 30% sulphuric acid, 
yielded a white solid; m. p. ca. 170—175°, which, after repeated 
tecrystallisation from glacial acetic acid, gave a product of m. p. 
193° (Found : Cl, 23-68%). This substance decolorised potassium 
permanganate solution and appeared to be chlorofumaric acid 
(Cale. : Cl, 23-69%), which suggested the presence of ethyl chloro- 
fumarate (Cale. : Cl, 17:-2%; b. p. 127°/10 mm., Ruhemann and 
Tyler, J., 1896, 69, 532) in the original volatile fraction. 

The rotation of the fraction must be due to some other substance, 
and the most probable would appear to be ethyl dichlorosuccinate, 
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which has b. p. 128°/12—13 mm. (Wood and Nicholas, J., 1928, 
1691), and requires Cl, 29:2%. It is obvious that fractional distill- 
ation could not separate these two substances. 

We were unable, however, to isolate a definite derivative of 
dichlorosuccinic acid, in spite of the fact that, since the proportion 
of chlorine (27-7%) in the fraction of b. p. 128—129°/12—14 mm. 
lies nearer to the theoretical value for ethyl dichlorosuccinate 
(29-2%) than to that for ethyl chlorofumarate (17-2%), there should 
have been a considerably greater proportion of the former substance 
present. This, we think, is mainly or entirely due to the fact that 
boiling with acid not merely hydrolyses the ethyl dichlorosuccinate, 
but also converts the resulting dichlorosuccinic acid into chloro- 
fumaric acid (or first converts ethyl dichlorosuccinate into ethy! 
chlorofumarate), as is corroborated by the following experiment. 

The first runnings from the distillations of Fraction 2 [having 
a = ca. — 22-5° (l = 1)] were boiled with 30% aqueous sulphuric 
acid until all had gone into solution (about 7 hours). The solution 
thus obtained had no observable rotation in a 400-mm. tube, and the 
solid (m. p. 192—193°) obtained from it by extraction with ether 
had also no observable rotation either before or after crystallisation. 
From the facts that the original, strongly active, fraction decolorised 
permanganate solution and had a chlorine content too low for ethy! 
dichlorosuccinate, and that only chlorofumaric acid could be 
obtained on hydrolysis of the liquid, we are, we think, justified in 
concluding that Fraction 2 was composed of ethyl chlorofumarate 
and ethyl dichlorosuccinate. 

Fraction 3. This product was purified by several distillations 
under reduced pressure, b. p. 161—163°/12—14 mm., and by two 
crystallisations from light petroleum (b. p. 40—60°). It then melted 
at 52—53°, forming small, rod-like, white crystals (Found: Cl, 
19-86%), fairly soluble in water, giving an acid solution which 
decolorised potassium permanganate solution instantaneously. It 
was optically inactive and could be recrystallised from boiling water. 
Boiled with 30% sulphuric acid for several hours, this substance 
yielded a solid unsaturated acid, m. p. 193° (Found: Cl, 23-62. 
Cale. for chlorofumaric acid : Cl, 23-60%), and its identity was con- 
firmed by a mixed melting point with authentic chlorofumaric acid. 
Fraction 3 is therefore presumably ethyl hydrogen chlorofumarate 
(Cale.: Cl, 19-99%). It may be mentioned that ethyl hydrogen 
fumarate has b. p. 147°/16 mm. and m. p. 66° (Anschiitz and Drug- 
mann, Ber., 1897, 30, 2651 ; Shields, J., 1891, 59, 738, gives m. p. 70°). 

The results obtained confirm and, inasmuch as a greater number 
of products have been isolated, amplify previous work. The reaction 
probably proceeds in stages, the products obtained depending on the 
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conditions of reaction. The first product is probably ethyl 6-chloro- 
malate (II), and the second, ethy] dichlorosuccinate (III), the latter 


00,C,H; CO.CH; CO,C,H; ‘G0, C,H, 
CH-OH CHCl CHCl CCl 
HOH ~” CH-OH CHCl CH 
00,0,H; CO,C,H;  —-0,0,H, CO,C,H; 
(L.) (II.) (III.) (IV.) 
Coc! Coc! 


CCl 

CCl 

COCI 

(VII.) 
by loss of hydrogen chloride passing, to a large extent, into ethyl 
chlorofumarate (IV). The ethyl dichlorosuccinate and chlorofum- 
arate form our Fraction 2. Ethyl chlorofumarate, which was the 
product obtained by Henry, may then be attacked by phosphorus 
pentachloride giving ethyl chlorofumary] chloride (V) (and probably 
ethyl chloride and phosphorus oxychloride). This compound, when 
the reaction mixture is poured into water, would give rise to ethyl 
hydrogen chlorofumarate, of which our Fraction 3 consists. 
Further action of phosphorus pentachloride on ethy] chlorofumaryl 
chloride may give chlorofumaryl dichloride (VI), which, either by 
direct chlorination by the pentachloride or by addition of two atoms 
of chlorine and subsequent elimination of hydrogen chloride, might 
give dichlorofumaryl] (or dichloromaleyl) chloride (VII), and this, in 
turn, by subsequent treatment with water followed by distillation, 
would produce dichloromaleic anhydride, our Fraction 1. 


One of the authors (A. R. T.) wishes to express his indebtedness to 
the Carnegie Trustees for the Universities of Scotland for a Scholar- 
ship which enabled. him to take part in this work. 


UNIVERSITY oF GLAsGow. [Received, June 15th, 1929.] 





CCXXXV.—The Properties of Nicotine and its Deriv- 
atives. Part II. Optical Rotatory Power and 
Rotatory Dispersion. 


By Tuomas Martin Lowry and Witiiam Vivian Lioyp. 


THE experiments described in this paper were begun mainly because 
the optical rotatory power of nicotine can be measured with an 
accuracy that is roughly 10 times greater than in the case of other 
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organic compounds, and only 10 times less than in the case of quartz, 
since the observed rotation of a 6-dem. column of the base ranges 
from 757° at 6708 to 2266° at 4358 A.U. Moreover, unlike most 
compounds of high optical rotatory power, it contains only a single 
asymmetric carbon atom, and might therefore be expected to exhibit 
very simple optical properties. In particular, it gives rise to a single 
well-defined absorption band (see Part I, this vol., p. 1376), and 
its rotatory dispersion caii be expressed, at least approximately, by 
a single term of Drude’s equation: The first objects of the present 
investigation were therefore (1) to establish a definite value for the 
specific rotatory power of the pure base, regenerated from the crystal- 
line zinc chloride compound according to Ratz’s method of purific- 
ation (Monaish., 1905, 26, 1241), (2) to make measurements of 
maximum accuracy of its rotatory dispersion over a wide range of 
wave-lengths, (3) to make a rigid test of the applicability of the one- 
term Drude equation to these data, and (4) to correlate the charac- 
teristic frequency deduced from the rotatory dispersion with that of 
the observed maximum of selective absorption. The observations 
were, however, also extended to cover the salts and the methiodides, 
most of which are characterised by a reversal of sign of their optical 
rotatory power. : 
1, Negative Rotations. 

(a) Pure Nicotine—The most trustworthy values recorded by 
earlier workers for the density and specific rotatory power of nicotine 
are collected in Table I. This table also shows the observed, specific, 
and molecular rotations for two wave-lengths of a series, of fresh 
samples of purified nicotine, together with their densities. The 
levo-rotations observed in nicotine and its derivatives, which are set 
out in full in Tables II—VII, are also summarised in Table I. 

Sample 1 was a specimen which Lowry and Singh (Compt. rend., 
1925, 181, 909) had prepared by fractional distillation ; before use it 
was redistilled in a current of hydrogen at 2 mm. pressure. Sample 2 
was Jephcott’s nicotine (J., 1919, 115, 104) purified in the same way 
before use. Sample 3 was the same as | after purification through 
the zinc chloride compound. Samples 5 and 6 were also purified 
through the zinc chloride compound, but were preserved from oxid- 
ation by an atmosphere of hydrogen during measurements of dis- 
persion extending over several hours. 

The best values for the specific rotation of nicotine seem to be 
[«]p = 169-3°, [«]54¢, = 204-1°. The consistently lower value given by 
Jephcott may perhaps be attributed to some subsidiary factor such 
as a difference in the mean wave-length of the sodium light; on the 
other hand, his densities are definitely more trustworthy than 
ours. 
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TaBe I. 
Observed, Specific, and Molecular Rotations of Nicotine at 20°. 


(i) Zarlier measurements. 


dx", [a}”. 
Ratz (1905) — — 166-77° * 
1-00925 — 169-54 + 
Jephcott (1919) 1-00920 — 168-52 t¢ 
1-00925 — 168-61 + 
1-00925 — 168-40 + 
1-00925 — 168-66 + 
Patterson and Fulton (1925) 1-0095 — 168-02 + 
(J., 127, 2435) 1-0100 — 167-78 + 
Lowry and Singh (1925) 1-00931 — 168-2 * 
— 169-5 * 
* By fractional distillation. + Through the ZnCl, compound. 
t Through the nitroso-compound. 
(ii) New samples. 
Sam- 


° ap %5461° 
pl. df. (= 6)., (06). [ak.. [ealeces. (Mle - laser 


1 1-00984 —1023-0° —1234-68° —168-84° —203-76° —273-82° —330-46° 
2 1-:01002 —1024-55 —1234-78 —169-06 —203-76 —274:19 —330-46 
3 101122 —1026-42 —1236-68 —169-17 —203-83 —274:36 —330-56 
4 1-01022 —1025-71 —1237-38 —169-23. —204:14 —274-45 —331-08 
5 1:01010 —1026-29 —1237-06 —169-35. —204:12 —274-66 —331-04 
(iii) Leevorotatory solutions. 

Spec. 
rotn. Mol. 
of base, rotn. 24358 ro» 
Table. Compound. Solvent. [eleccs: (BE ]eccss Gaccn % AU 

Il. Nicotine None ~ —204-13° —331-06° 1-831 0-0600 2450 

Ili. Nicotine Acetone —209:0 —339-0 1-817 0-0575 2400 
(28-77%) 

IV. Nicotine Water —. 97-64 —158-35 1-876 0-0664 2575 
(25-5%) 

V. Butyrate Acetone — 99:2 —160-9 1-877 0-0627 2500 
VI. Crotonate Acetone —125:9 —204-1 1-819 0-0575 2400 
VII. isoMeth- Water —128-7 —208-7 1-866 0-0652 2550 

iodide (6-88%) 


The rotatory dispersion of two of the purest samples are set out 
in Table II, which also shows the values of the dispersion ratio « | 546, 
as calculated (i) from the two-constant formula 


and (ii) from the three-constant formula 
a/e54) = 0°21415/(22 — 0-06376) + 0-0257/22. 


The two-constant formula shows an average error of only 0-001 in 
he dispersion ratio for a series of 18 wave-lengths in the visible 
egion from 6708 to 4358 A.U., and this could have been reduced to 
till smaller proportions by readjusting the constants; but the 
photographic readings would then have risen somewhat steeply 
bove the calculated values in the early ultra-violet region. The 
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TaBLeE II. 


Rotatory Dispersion of Nicotine at 20°. 
Densities ; I, dé?” = 1-01022; II, d? = 1-01010. 
Heer rotations : I, [a]s4g, = —204-14°; II, [a]sqg, = —204-12°. 
olecular rotations : I, [M]54,, = —331-08°; II, [M]s54g, = —331-04°. 
Diff. = 1000 x 
a (i = 6). a/as4e1- (Obs.—Cale.), 





a A, wi 

A, A.U. ; I. i II. 
Visible series. 

Li 6707-8 — 756-89° — 756-79° 0-61168 0-61176 0-61172 
Cd 6438-5 — 832-25 — 831-78 0-67258 0-67230 0-67244 
Zn 6362-3 — 855-35 — 855-46 0-69125 0-69153 0-69139 
Li 6103-7 — 943°75 — 943-66 0-76269 0-76283 0-76276 
Na 5892-9 —1025-71 —1026-29 0-82893 0-82962 0-82827 
Cu 5782-1 —1074-81 —1074-64 0-86861 0-86870 0-86866 
Hg 5780-1 —1076-14 —1076-00 0-86969 0-86980 0-86975 
Cu 5700-2 —1112-92 —1111-56 0-89941 0-89855 0-89898 
Hg 5460-7 —1237-38 —1237-06 1-00000 1-00000 1-00000 
Cu 5218-2 —1387-58 —1386-91 1-12138 1-12113 1-12125 
Ag 5209-0 —1394-17 — 1-12670 1-12681 1-12675 
Cu 5153-3 —1432-91 —1432-61 1-15801 1-15808 1-15804 
Cu 5105-5 —1467-84 —1481-83 1-18624 1-18645 1-18634 
Cd 5085-8 —1482-41 —1481-83 1-19801 1-19786 1-19793 
Zn 4810-5 —1717-49 —1717-33 1-38800 1-38824 1-38812 
Cd 4799-9 —1727-78 —1726-70 1-39631 1-39581 1-39606 
Zn 4722-2 —1806-25 —1805-62 1-45973 1-45961 1-45967 
Hg 4358-3 —2266-31 —2265-65 1-83152 1-83147 1-83149 


Ltt tl 


tO 0D to NS es Os > 
Oe R= It cat Ao 


Photographic series. 


1000 x 
a (1 = 1). Osa61° a/asae1- Cale. (i). Cale. (ii). (Obs.—Cale.). 
4272 — 399-5° — 205-47° 1-944 1-946 1-945 —2 
4251 — 4053 — 205-58 1-974 1-974 1-975 
4202 — 419-3 — 205-38 2-044 2-044 2-044 
4199 —2531-9* —1236-90 2-047 2-049 2-048 
4176 — 428-0 — 205-38 2-084 2-084 2-084 
4145 — 4385 — 205-62 2-133 2-132 2-132 
4132 — 442-9 — 205-58 2-154 2-153 2-153 
4072 — 462-3 — 205-61 2-251 2-252 2-253 
4062 —2804-4* —1237-17 2-268 2-269 2-271 
4046 — 472:7 — 205-58 2-299 2-298 2-300 
4005 — 488-7 — 205-58 2-377 2-373 2-376 
3967 — 504-0 — 205-58 2-452 2-447 2-451 
3953 — 5105 — 205-58 2-483 2-476 2-480 
3903 — 5313 — 205-58 2-584 2-581 2-587 
3887 — 539-4 — 205-72 2-622 2-616 2-622 


*1=6. 


deviations, although so small as to be almost negligible in the visible 
region, are therefore too systematic to be ignored, and show that, 
as in the well-established cases of sodium tartrate, octyl oxalate, and 
(partially dissociated) borotartaric acid, the two-constant equation 
gives only an approximation to the true form of the dispersion curve. 
The deviations are, however, so small that it is not possible to deduce 
from them the values of two more arbitrary constants. We have 
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therefore tabulated under (ii) the deviations from a three-constant 
equation, in which the second dispersion-constant is ignored, so 
that 4,2= 0. This equation gives an average error of 0-00027 for 
18 values of the dispersion ratio in the visual region, and 0-0012 
§ for 15 values in the photographic region, and these errors are dis- 
tributed so irregularly as to leave no systematic error for correction 
with the help of a fourth arbitrary constant. 

The wave-length of the predominant absorption is given by the 
two-constant. equation as 2450 A.U., and. by the three-constant 
equation as 2525 A.U. I accordance with previous experience 
(J., 1924, 125, 2521; 1925, 127, 611, 1266, 1507), these values are 
all less than the wave-length of the observed maximum of selective 
absorption at 2650 A.U., and the explanation already given of this 
discrepancy is probably valid also in this additional case. It is, 
however, of interest that the high-frequency partial rotation, which 
may be attributed to the fixed or inherent asymmetry of the asym- 
metric carbon atom in the pyrrolidine ring, is nearly 10 times smaller 
than the low-frequency partial rotation, which we attribute to the 
induced asymmetry of the unsaturated pyridyl radical; as.usual, 
it is of opposite sign. It may also be remarked that, whenever a 
low-frequency partial rotation can be attributed to the induced 
asymmetry of an unsaturated radical, we may expect it to be accom- 
panied by the high-frequency partial rotation of a saturated centre 
of fixed asymmetry, although the latter may easily be disguised, as 
in the case of camphorquinone (J., 1925, 127, 604; compare 
Lifschitz, Z. physikal. Chem., 1923, 105, 49), by the predominating 
influence of the nearer absorption band, thus giving rise to a disper- 
sion which can be expressed within the limits of experimental error 
by a single term of Drude’s equation. 

(b) Nicotine in Acetone.—A solution of nicotine in acetone (Table 
III) gave practically the same constants as pure nicotine, the specific 
rotation being [«];4¢) = ~- 209°,.as compared with — 204° for the 
pure base, whilst the dispersion ratio o45,¢/%54g, WaS 1-817 as com- 
pared with 1-831. The visual readings can be expressed by a two- 
constant equation «/a,4., = 0-24074/(a2 — 0-0575), with a limiting 
wave-length A, = 2400, but one may suspect that ultra-violet read- 
ings would again reveal the presence of a small high-frequency 
partial rotation of opposite sign. 

(c) Nicotine in Water.—A concentrated aqueous solution of nico- 
tine (Table IV) gave specific rotations which were only about half 
as great, [a];4¢; = 97-64°, but showed the same approximation to a 
two-constant dispersion equation «/«54¢, = 0:23178/(2.2 — 0-06642), 
with a limiting wave-length A, = 2575 A.U. This result is somewhat 
anomalous, since, if the water behaved merely as a weak acid, con- 
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verting the tertiary nitrogen atoms into ammonium ions, the rotation 
of the ionised hydrate should be positive like that of the salts (p. 1779). 
Actually, however, the rotation of the aqueous solution remains 
negative in sign like that of the free base, and shows no indication 
of becoming positive even at infinite dilution, since our readings 
tend to a limiting specific rotation [«];,,, = 96° (Table IV), whilst 
Jephcott’s measurements show a minimum negative rotation at 
p=10%. We conclude that nicotine is not converted into a nico. 
tinium ion by the action of water, but that it forms an un-ionised 
hydrate, with a similar dispersion to that of the free base but a much 
lower rotatory power. In accordance with the views already ex. 
pressed in Part I, we regard this hydrate as a pseudo-base, and 
attribute to it a structure in which the pyridine ring has lost one of 
its double bonds, as in the formula (I). 


i | i l 
L,) aati ces an oe (IL) 
H H 


(d) Nicotine Butyrate and Crotonate in Acetone.—The experiments 
which are set out in Section 2 below (Tables X and XI), on the 
rotatory dispersion of nicotine butyrate in butyric acid and of nico- 


tine crotonate in water, were undertaken with the idea that the 
unsaturated acid might perhaps produce some effects which could 
not be explained by the mere transfer of a hydrogen ion from the 
acid to the base. Actually, both compounds showed the normal 
properties of nicotinium salts, giving rise to dextrorotatory solutions 
for which 4)? = 0-03 approximately. On the other hand, solutions in 


TaBcE III. 
Rotatory Dispersion of Nicotine in Acetone at 20°. 


28-7734 G. of nicotine in 100 g. of solution: dp = 0-850; [a]sag, = —209-0°: 


[M]sac1 = —339-0°; a/asae1 = 0-24074/(A2 -_ 0-0575). 
@/5461- 


A, A.U. a (J = 4). Obs. Cale. 1000 (O-C). 
i 6708 — 126-03° 0-616 0-613 
6363 —141-81 0-694 0-693 
6104 — 156-81 0-766 0-764 
5893 — 169-81 0-830 0-831 
5782 — 177-87 0-870 0-870 
5782 — 178-06 0-871 0-870 
5700 — 184-17 0-901 0-900 
5461 —204-48° 1-000 1-000 
5218 — 228-89 1-119 1-121 
5153 — 236-61 1-157 1-157 
5105 — 242-28 1-185 1-185 
4811 — 283-11 1-385 1-384 
4722 —297°16 1-453 1-454 
4358 — 371-56 1-817 1-817 
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TaBLe IV. 
Rotatory Dispersion of Nicotine in Water at 20°. 


25-4983 G. in 100 g. of solution: di = 1-0172; [a]sqg, = —97°64°; 
[M] 5461 = —158-35°; a/asgg, = 0-23178/(A? — 0-06642). 


a/a5461- 


A, A.U. a (l = 6). Obs. Calc. 1000 (O-C). 
Li 6708 — 91-83° 0-604 0-604 
Cd 6438 —101-17 0-666 0-666 
Zn 6363° — 104-23 0-686 0-685 
Li 6104 — 115-04 0-757 0:757 
Na 5893 — 125-37 0-825 0-825 
Cu 5782 —131-35 0-864 0-865 
Hg 5780 — 131-53 0-866 0-866 
Cu 5700 — 136-20 0-896 0-897 
Hg 5461 — 151-95 1-000 1-000 

5218 —171-03 1-126 1-128 
5153 — 176-86 1-164 1-164 
5106 — 181-36 1-193 1-193 
5086 — 183-21 1-206 1-206 
4810 — 213-65 1-406 1-405 
4800 — 214-83 1-414 1-413 
4722 — 225-02 1-481 1-480 
4358 — 285-03 1-876 1-876 


We are indebted to Mr. C. B. Allsop for the following additional measure- 
ments. 





Pp 25 893° 57 80° O5461° 24358- [a] sa61- 4358/%5461- 


17-113 —83-35° —87-43° —101-04° —192-28° -—97-37° —1-903 
8-262 — 39-26 —41:17 — 47-64 — 91:04 —95-68 —1-911 
3-649 —17-28 —18:17  — 21:02 — 40:25 —95-97 —1-915 
1-943 — 9-21 — 972 — 11:24 — 21:51 —96-2 —1-914 
0-991 — 4-71 — 492 — 65-70 — 10-91 —95-8 —1-914 


acetone of mixtures of nicotine with rather more than an equi- 
molecular quantity of butyric or crotonic acid (Tables V and VI) 
were levorotatory, and the dispersion ratios were expressed by the 
same formula as for a solution of the free base in acetone, with 
do? = 0-06 (approx.). Although, therefore, the specific rotation of the 
nicotine was lowered from — 209° to — 126° in the crotonate and to 
—99° in the butyrate, its behaviour was like that of the free base 
instead of a salt. The solvent has therefore prevented the con- 
version of the base into a kation; but since the rotatory dispersion 
of the butyrate in acetone (Table V) is almost identical with that 
of the aqueous base (Table IV), it is possible that it has formed a 
covalent carbonium salt or ester of the type (II) [compare (I)], with 
the same rotatory dispersion as the free base but a much lower 
rotatory power. These formule include an additional asymmetric 
atom, but this would presumably be produced in a partially racemic 
form, just as in the case of the salts, where the nitrogen atom of the 
pyrrolidine ring is asymmetric (Nature, 1926, 117, 417). 

(e) isoMethiodide—The rotatory power of the isomethiodide is 
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very similar to that of the parent base in water. The specific 
rotation [«j;4g; = 68-64° is again much smaller than that of the 
anhydrous base, being only about one-third, but the dispersion 
constant of the two-constant equation, 2,” = 0-0652, 4 = 2550, is 
nearly the same as in the corresponding equation for the free base. 
The observed and calculated dispersion ratios for 17 wave-lengths 
in the visible spectrum are shown in Table VII. 


TABLE V. 
Rotatory Dispersion of Nicotine Butyrate in Acetone at 20°. 
6-4480 G. of nicotine to 7-6604 g. of butyric acid; 15-9591 g. of nicotine 
in 100 g. of solution: d? = 0-860; [a]sacx = —99-22° (for base), 
= —47-6° (for salt); [M];4,, (for base) = —160-9°; a/asqg, = 0°2364/ 
(A? — 0-06275). 


@/05461- 


A, A.U. a (J = 4). Obs. Cale. 1000 (O-C). 

i 6708 — 33-38° 0-613 0-610 
6363 37-62 0-691 0-691 
5893 45°35 0-830 0-831 
5782 47-44 0-871 0-870 
5780 47-55 0°873 . 0-871 
5700 49-11 0-902 0-902 
5461 54-44 1-000 1-004 
5218 61-43° 1-128 1-128 
5152 63-43 1-165 1-165 
5105 64-93 1-193 1-194 
4811 76-38 1-403 1-401 
4722 80-28 1-475 1-475 
4602 — 86-29 1-585 1-586 
4358 — 101-07 1-877 1-878 


TaBLeE VI. 
Rotatory Dispersion of Nicotine Crotonate in Acetone at 20°. 
2-2078 G. of nicotine to 2-4452 g. of crotonic acid; 5-4377 g. of nicotine 
in 100 g. of solution: dy = 0-814; [a]sqg, = —125-9° (for base), 
== —61:1° (for salt); [M]54,, (for base) = —204-1°; a/agyg, = 0-24074/ 
(A? — 0-0575). 





Pits bat 


@/a5461- 


A, A.U. a (l = 4), ; Cale. 1000 (O-C). 
i 6708 —13-59° . 0-613 § 
6363 — 15-44 . 0-693 +0 
5893 — 18-50 . 0-831 on} 
5782 — 19-36 . 0-870 
5780 — 19-38 
5700 — 20-05 
5461 — 22-28 
5218 — 24-92 
5153 — 25°76 
5105 — 26-38 
4811 — 30-84 
4722 — 32-45 
4680 —33-22 
4602 — 34-80 
4358 — 40-53 
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TaBLE VII. 
Rotatory Dispersion of Nicotine isoMethiodide in Water at 20°. 


68763 G. in 100 g. of solution: dj = 1-02169; [a]s4., = —68-64°, 
— 128-72° (for nicotine as methiodide) ; [M]sac1 me — 208-75°; a/asae1 
0-23296/(A? — 0-0652). 


@/O5461- 


a (l = 4). Obs. Cale. 1000 (O-C). 
—11-58° 0-603 0-606 —3 
— 12-86 0-667 0-667 +0 
—13-13 0-681 0-686 —5 
— 14-48 0-751 0-758 -s 
—15-81 0-820 0-826 —6 
—16-70 0-866 0-866 +0 
—17-29 0-896 0-897 ee | 
—19-29 1-000 1-000 +0 
—21-66 1-123 1-125 = 
—22-38 1-160 1-163 
— 23-00 1-192 1-192 
—23-24 1-205 1-204 
—27-04 1-402 1-402 
— 28-50 1-477 1-477 
—29-15 1-511 1-515 
—29-34 1-521 1-517 
—35-99 1-866 1-868 





2. Positive Rotations. 


Apart from the exceptional magnitude of its optical rotatory 
power, nicotine is of interest on account of the reversal of sign which 
takes place when the free base is converted into its salts. The 
specific rotations and the dispersion constants of the dextrorotatory 
derivatives of nicotine which have been investigated in the present 
research are summarised in Table VIII and are given in full in 
Tables IX to XIII. 


TasBieE VIII. 


Rotation and Dispersion Constants of Dextrorotatory Derivatives 
of Nicotine. 


Salt. Base. 24358 Ae 
Substance. Solvent. [a]sae1- [a]saea- [MM] sae1- 5461. Ay?- A. ° 

Nicotine (as Acetie +25-96° +45-18° +73-27° 1-674 0-0272 1650 
acetate) acid 

Nicotine (as Butyric +22-01 +45-92 +74-47 1-668 0-0302 1740 
butyrate) acid 

Nicotine (as Water +1668 +34:36 +655-73 1-654 0-0302 1740 
crotonate) (about) 

Zine chloride Water + 840 +20-17 +32-71 1-644 0-0217 1480 
compound 

Dimethiodide Water +17-7 +487 +789 1-65 0-029 1700 

Monomethiodide Water + 623 +1168 +1895 — 

Dihydriodide Water + 4°78 +12-32 +1998 — 

Hydriodide of Water + 663 +15-:00 +2433 — 
isomethiodide 
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TABLE IX. 
Rotatory Dispersion of Nicotine in Acetic Acid at 20°. 


15-5230 G. of nicotine in 100 g. of solution : ar = 1:09048; [a]sa61 = 
+45-18°; [M]sae1 => 73-27°; a/a5g61 = 0-271 /(A? — 0-02719). 


a/a5461- 


a, AU. a (l = 6). Obs. Cale. 1000 (O-C). 


Li 6708 +28-97° 0-631 0-641 —10 
6438 +31-76 0-692 0-700 — 8 
6363 + 32-54 0-709 0-718 
6104 +35-63 0-776 0-785 
5893 +38-60 0-841 0-847 
5780 + 40-30 0-878 0-883 
5700 + 41-59 0-906 0-910 
5461 + 45-89 1-000 1-000 
5218 + 50-90 1-109 1-106 
5153 + 52-22 1-138 1-137 
5105 +53-35 1-162 1-161 
5086 +53-78 1-172 1-171 
4811 1-324 1-327 
4722 , 1-384 1-384 
4680 , 1-412 1-413 





PHIL +H++H I Ed 
HOW ORMAOS 


4602 -11- 1-467 1-468 
4358 2: 1-674 1-674 
4281 , 1-738 1-737 
4202 , 1-817 1-814 
4187 4 1-832 1-830 
4144 ° 1-875 1-875 
4132 +- 14- 1-886 1-888 


lH+++H | 
NoOoNWwWeEore 


TABLE X. 


Rotatory Dispersion of Nicotine in Butyric Acid at 20°. 


14-0793 G. of nicotine in 100 g. of solution; dj” = 1-00108; [e]sae1 = 
+45-92°; [M]sag1 = +74:47°; a/asqg, = 0°2682/(A2 — 0-0302). 


a/a5461- 


d, A.U. a (I = 4). Obs. Cale. 1000 (O-C). 


6708 +16-54° 0-639 0-639 
6363 +18-61 0-719 0-716 
6104 + 20-37 0-787 0-784 
5893 +21-90 0-846 0-846 
5780 + 22-83 0-882 0-883 
5700 + 23-67 0-914 0-910 
5461 + 25-89 1-000 1-001 
5218 +28-64° 1-106 1-108 
5153 +29-53 1-141 1-140 
5105 -+30-20 1-167 1-164 
4810 +34-61 1-337 1-333 
a (l= 1). 
4603 + 9-44 1-477 1-477 
4358 +10-66 1-668 1-679 





IH +++) 14+)H++H 
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_ Taste XI. 
Rotatory Dispersion of Nicotine Crotonate in Water at 20°. 


6-370 G. of nicotine or 13-115 g. of nicotine crotonate in 100 g. of solution; 
d? = 1-01843; [a]sa¢1 = 34:36° (for nicotine), = 16-68° (for croton- 
ate); [M]s4., (for base) = 55°73°; a/agy,, = 0-2682/(A2 — 0-0302). 


@/45461- 


1 = 4). Obs. Cale. 1000 (O-C).* 
0-629 0-639 —10 

0-690 0-695 5 
0-708 0-716 
0-779 0-784 
0-844 0-846 
0-884 0-883 
0-911 0-910 
5461 1-000 1-001 
5218 1-107 1-108 
5153 . 1-140 1-140 
5105 1-166 1-164 
5086 1-176 1-174 
4811 1-340 1-333 
4800 1-347 1-343 
4722 . 1:397 1-391 
4680 . 1-425 1-426 
4358 (1-654) 1-679 (—25) 


errors shown in this column are relatively large; but they only 
correspond with hundredths of a degree in the original readings and appear 
to be casual rather than systematic in character. The solution had darkened 
to an extent which made it difficult to read the mercury violet line. 





d, A.U. a 
Li 6708 
Cd 6438 
Zn 6363 
Li 6104 
5893 
5780 
5700 


+t+t+++++++2 
F++ttH bh pte dd 
OPW WOR RR eID Oweo 


| 
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It seemed possible at first that the reversal of sign on passing 
from nicotine to its salts might be due to the development of asym- 
metry in the pyrrolidine nitrogen atom on its becoming quin- 
quevalent; but this simple theory was soon disproved when it was 
found that the same reversal takes place in the formation of the 
mono- and di-methiodides, where the quaternary nitrogen of the 
pyrrolidine ring carries two methyl groups and cannot therefore be 
asymmetric. Further experiments showed that, whilst the base 
retains its levorotatory power when the nitrogen of the pyridine 
radical becomes quaternary in the isomethiodide, it becomes dextro- 
rotatory whenever the nitrogen of the pyrrolidine ring becomes 
quaternary, but without regard to the symmetry or asymmetry of 
thisatom. The reversal of sign is therefore not a direct effect of the 
development of an asymmetric nitrogen atom, but must be due to 
some secondary action upon the asymmetric carbon atom. If, 
however, the sign of the rotation has already been reversed by making 
the pyrrolidine nitrogen quaternary, it is found that (as in the case 
of the levorotatory base) no further change is effected by making 
the pyridine nitrogen quaternary. The results as a whole can be 
summarised by saying that, when the pyrrolidine nitrogen is tervalent 
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TABLE XII.- 


Rotatory Dispersion of Nicotine-Zine Chloride Compound in Water 
at 20°. 
17-0079 G. of (C,,H,,N,)ZnCl,,H,O in 100 g. of solution; dg = 1-07380; 
{a]sag1 = +20-17° (for nicotine), = + 8-40° (for salt); [M]546, (for base) 
= 32-71; a/azgg,, = 0°275/(A2 — 0-02187); A, = 1479 A.U. 


a/as5a61- 


a, ALU. a (I = 6). Obs. Cale. 1000 (O-C).* 
(a) Visual readings. 


Li 6708 
Cd 6439 
Zn 6363 
Li 6104 
Na 5893 
Hg 5780 
Cu 5700 
Hg 5461 
Cu 5218 
Cu 5153 
5106 
5086 
4810 
4722 
4358 


5-79° 0-635 0-642 
6-27 0-688 0-700 
6-45 0-708 0-718 
7-10 0-779 0-784 
7-66 0-841 0-845 
8-01 0-879 0-881 
8-26 0-907 0-907 
9-11 1-000 0-995 
10-05 1-103 1-098 
10-30 1-130 1-128 
10-52 1-155 1-151 
10-62 1-165 1-161 
11-97 1-314 1-313 
12-46 1-368 1-367 
1-644 1-636 


+++4+4+4+4+44+4+4444 
++++++++t | | 
Dm ee Rm DOO Ob me Or 
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(b) Photographic readings. 
100 (O-C). 
Fe 4245 . 1-736 1-736 +0 
Fe 4202 , 1-772 1-777 —1 
Fe 4132 , 1-830 1-848 —2 


). 
Fe 4003 ; (1-94) 1-987 (—5) 
Fe 3951 (1-99) 2-049 (—6) 
Fe 3877 (2-06) 2-140 (—8) 


* The errors shown in this table correspond only to hundredths of a degree 
in the visual readings and are therefore within the limits of conceivable 
experimental errors; but they are too regular to be ignored with safety, in 
view of the fact that the photographic readings (although subject to even 
larger experimental errors) show a progressive increase in the deviation from 
the theoretical values as the wave-length is diminished. The regular devi- 
ations are, however, too small to make it practicable to deduce the constants 
of a two-term equation from the experimental data. 


(and planar ?), the rotatory power of the compound is dominated by 
a large negative low-frequency term, but that-this disappears whet 
the pyrrolidine nitrogen becomes quadricovalent and tetrahedral; 
the rotation is then produced by a high-frequency term which # 
smaller in magnitude but positive in sign. 

A reversal of sign on salt formation has been observed previously 
in solutions in chloroform of the salts of brucine with certain unsatul- 
ated acids, and of coniine with aromatic acids (Hilditch, J., 1908, 
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TasiLe XIII. 
Rotatory Dispersion of Nicotine Dimethiodide in Water at 20°. 

$6269 G. of iodide in 100 g. of solution; dj = 1-03865; [a]s45, = +48-7° 

(for nicotine), = -+-17-7° (for iodide); [MJ];4,, (for base) = 78:9° 

a/as4g, = 0-2672/(A2 — 0-0290). 
a/as4e1- 
Cale. 1000 (O-C),* 

6 


A, A.U. a (I = 4). Obs. 
i 6708 +3-99° 0-629 0-635 
6363 +4-46 0-703 0-711 
6104 -+4-88 0-770 0-778 
5893 +5-34 0-842 0-839 
5780 +5-59 0-882 0-876 
5700 +5-82 0-918 0-903 
5461 +6°34 1-000 0-993 
5218 +6-93 1-093 1-098 
5153 +719 1-134 1-130 
5106 +734 1-158 1-153 
4810 +8-36 1-319 1-320 
4722 +881 1-390 1-378 
a (l = 1). 
4602 +2-32 (1-468) 1-462 
4358 + 2-60 (1-646) 1-660 


* See footnote to Table XI. 
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93, 700); and a similar reversal occurs when tetrahydroquinaldine, 
[z]p -+- 230°, is converted into its benzoyl derivative, [«], — 61-2° 
(Pope and Read, J., 1910, 97, 2206), or into other derivatives of a 
similar type (Pope and Winmill, J., 1912, 101, 2309). No satisfac- 
tory explanation of this phenomenon has been given hitherto, but 
attention can now be directed to two factors which may provide 
a clue to the origin of the phenomenon : (i) A reversal of sign occurs 
when the brucine or coniine salts are examined in chloroform, but 
not when they are examined in water ; this change of sign can there- 
fore be attributed to the formation of real molecules (pseudo-salts), 
although these may be of the same elusive type as the covalent 
molecules postulated by Moore and Winmill (J., 1912, 101, 1635) 
in the hydroxides of the simple amines. (ii) The reversal is specially 
characteristic of unsaturated and aromatic acids; the experimental 
data are therefore in harmony with the view that the change depends 
on the development of an induced asymmetry of opposite sign in 
unsaturated groups, which are capable in this way of acquiring a 
very high optical activity, like that of nicotine and its levorotatory 
derivatives. 

The behaviour of nicotine and its salts can be interpreted in a 
very simple and satisfactory way by saying that the absorption band 
at 2650 A.U., which dominates the rotatory power of the base and 
its hydrates, as well as of the isomethiodide, becomes optically 

3P 





1784 LOWRY AND LLOYD : THE PROPERTIES OF 


inactive when the pyrrolidine nitrogen has been converted into a 
quaternary ion, thus : 


COs id Peg 
I 1 + 
pac OK 


/N+ /N+ 


Levorotatory. Dextrorotatory. 


The fact that this nitrogen atom is attached directly to the asym- 
metric carbon atom may be an important factor in the abrupt can- 
cellation of the power of the asymmetric carbon atom to set up an 
induced asymmetry in the aromatic ring; but the experimental 
data justify a more precise deduction, since the low-frequency term 
is associated with the presence of a “lone pair ”’ of electrons on the 
pyrrolidine nitrogen, and vanishes when this lone pair is shared 
either with a proton in the salts or with a methyl radical in the 
methiodides. 

This purely experimental result lends an unexpected importance to 
a factor that would have appeared insignificant in the light of the 
older theories, but which has acquired a new interest in view of the 
significance that is now attached to ‘‘ donors” and “ acceptors” 
of electrons as agents in the formation of addition compounds. The 
logical sequel to these observations would be to postulate a “‘ dative 
bond ” (Menzies, Nature, 1928, 121, 457) between the pyrrolidine 
nitrogen and the contiguous hydrogen atom of the pyridine ring, as 
indicated by dotted lines in formula (ITT), but for the present purpose 
it is only necessary to suppose that coupling forces exist between the 
donor and acceptor which are sufficiently strong to prevent “ free 
rotation ” about the single bond between the pyridine and pyrrolidine 
rings. The exceptional rotatory power of the free base could then 
be attributed to an induction of a more direct and powerful character 
than that which is transmitted only to an inappreciable extent 
through the single bond between the two rings in the mono- and 
di-methiodides. This interpretation can be extended readily to the 
acyl derivatives of tetrahydroquinaldine (IV), and can also be cot- 
related with the development of complex or anomalous rotatory 
dispersion in the esters of secondary aleohols which themselves give 
rise to simple rotatory dispersion (Pickard and Kenyon, J., 1914, 
105, 830). The coupling shown in formula (V) (which would prevent 
“ free rotation ” about the single bond between alcohol and acid) 
may also be an essential factor in the resolution of these compounds, 
since the methods which have been uniformly successful in the case 
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of the secondary alcohols have failed conspicuously when applied to 
the simple tertiary alcohols. 


H HH, 
C 


Hc’ \“o—c-¢ - Po Note, - 
Oe: $ip CH, He Ae ° Kot ‘CH, 


H CH, 
C.H;° 


(III.) Nicotine. (1V.) Benzoyl derivative of (V.) Oetyl acetate. 
tetrahydroquinaldine. 


bu 13 


3. Anomalous Rotatory Dispersion. 


Nasini and Pezzolato (Gazzetia, 1893, 23, 43) found that an equi- 
molecular mixture of nicotine and acetic acid with less than five 
molecules of water was levorotatory, [«]) = — 72-2°, but that on 
dilution with water the rotation changed until the value [«], = 
+49-68° was reached. In the light of the observations made under 
Sections 1 and 2 above, this change of sign can be attributed to 
progressive ionisation, although the nature of the levorotatory com- 
ponent is not immediately obvious, since it might be free nicotine, 
or an un-ionised hydrate or salt, Since, however, nicotine in the 
free state, as well as in solution in cyclohexane, in acetone, and in 
water, gives negative specific rotations which can be represented to 
a fair degree of approximation by a two-constant equation with 
dp” = 0-06, whilst the salts give positive rotations with 49? = 0-03, it 
was of interest to determine the exact form of the dispersion curves 
for this series of mixtures, and to compare them with values calcul- 
ated from a two-term equation with 4,7 = 0-03, 2.7 = 0-06. More- 
over, the conditions were favourable for verifying our views on 
anomalous rotatory dispersion by making experiments to realise 
this phenomenon in a series of compounds of which the dispersion is 
usually not merely “‘normal,”’ but at least approximately “simple.” 
For this purpose an equimolecular mixture of nicotine and acetic 
acid was prepared with only a trace of water, and this mixture was 
then progressively diluted. The rotations in a l-dem. tube were 
as follows : 

Pp = 99-82 84-96 82-69 80-13 79-25 76-74% 
G45, = —96-29° —21-82° —17-71°  —10-92° —3-32° +5-08° 

The general results of Nasini and Pezzolato having thus been 
confirmed, four solutions were examined over the range 2 6708— 
4358, one of them being designed to exhibit anomalous rotatory dis- 
persion. The numerical results are set in Table XIV and the 
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TaBLE XIV. 
Specific Rotation of Nicotine Acetate in Water at 20°. 
a/a5a61- 

, AU. a (i = 1). Obs. Calc. 1000 (O-C). 
Solution A. p = 99-82%; dz” = 1-05789; ¢ = 105-598 g./100 c.c.; 
a/asa¢, = +0-2615/(A2 — 0-06) — 0-02613/(A* — 0-03). 

Zn 6363 — 67-47° 0-689 0-689 
5782 — 84-87 0-867 0-867 
5780 — 85-01 0-868 0-868 
5700 — 87-92 0-898 0-899 
5461 — 97-93 1-000 1-000 
5218 — 109-84 1-122 1-124 
4722 — 143-65 1-467 1-468 


4680 — 147-31 1-504 1-506 
4358 —181-11 1-849 1-849 





Solution B. p = 10-1332; d2” = 1-0137; ¢ = 10-2720 g./100 c.c.; 
a/asge1 = —0°04505/(A2 — 0-06) + 0-3189/(A2 — 0-03). 
100 (O-C). 
Li 6708 +2-16* 0-620 0-644 — 
Zn 6363 +5-17t 0-742 0-720 
Li 6104 +2-67 0-767 0-788 
Hg 5780 +6-18t 0-887 0-885 
Cu 5700 +6-46+ 0-927 0-912 
5461 +6-97+ 1-000 1-001 
Cu 5218 +3-86* 1-108 1-105 
5153 +4-01* 1-151 1-136 
4811 +4-72* 1-355 1-322 
4358 +5-71* 1-639 1-649 


Solution C. p = 76-737; de = 1-10254; c = 84-61 g./100 c.c.; 
a/asyg, = —1-058/(A® — 0-06) + 1-459/(A2 — 0-03). 
100 (O-C). 
Li 6708 43°75 0-738 0-761 —3 
6363 +412 0-812 0-825 | 
6104 +4-37 0-862 0-877 —1 
5893 +4-60 0-907 0-917 <x 
5780 +476 0-938 0-938 
5461 +508 1-000 1-000 
5218 45-41 1-065 - 1-040 
4358 +499 0-983 0-983 


Solution D. c¢ = 29°17; a/asqg, = 0-2626 (A* — 0-06) — 0-02753/ (A? — 0-03). 
1000 (O-C). 
Li 6708 — 12°34 0-603 0-608 — § 
Zn 6363 — 14-04 0-686 0-689 3 
Li 6104 — 15-43 0-754 0-760 6 
Hg 5780 —17-74 0-867 0-867 + 0 
Cu 5700 — 18-37 0-897 0-898 1 
Hg 5461 — 20°47 1-000 1-000 0 
Cu 56218 — 23-05 1-126 1-123 + 3 
Cu 5105 — 24-13 1-179 1-190 —ll 
Zn 4811 — 28-41 1-388 1-395 — 7 
Li 4602 —31-93 1-560 1-579 —19 
Hg 4358 —37-85 1-849 1-849 + 0 


*1=2. ti=4. 
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dispersion curves are shown in Fig. 1. It will be seen (i) that the 
dispersion curves can be calculated on the assumption that the solu- 
tions contain two optically active components of opposite sign and 
unequal dispersion, and (ii) that the expected anomaly is developed 
in solution C, which exhibits a maximum rotatory power in the green 
region of the spectrum. It is, moreover, clear that only a slight 
change of composition would be required to bring the reversal of 
sign or the inflexion into the visible spectrum. In the case of solu- 
tion C the calculated wave-lengths of the anomalies are as follows : 
Inflexion 5700 A.U., maximum 4800 A.U., reversal of sign 3730 ALU. 


Fie. 1. 
Rotatory dispersion of nicotine acetate. 
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4. Characteristic Diagrams. 


The dispersion curves for nicotine and its derivatives (with the 
exception of the acetate solutions of Fig. 1) are plotted in Fig. 2. 
The curves form a simple continuous series or family, in which the 
relationships are even simpler than in the case of methyl or ethyl 
tartrate (J., 1915, 107, 1173, 1187), since none of the curves inter- 
sectsanother. The data now under consideration therefore provide a 
particularly favourable opportunity for a critical review of the 
“rectilinear diagrams ’’ (Darmois, Compt. rend., 1908, 147, 195; 
Ann. Chim. Phys., 1911, 22, 247; compare Lucas, Thesis, Paris, 
1927) and ‘characteristic diagrams”? (Armstrong and Walker, 
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Fra. 2. 
Rotatory dispersion of nicotine and iia derivatiwes. 
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1. Nicotine in excess butyric acid. 
2. Nicotine in excess acetic acid. 
3. Nicotine + excess crotonic acid in water. 
4. Nicotine dimethiodide in water. 
5. Nicotine-zinc chloride compound in water. 
6. Nicotine isomonomethiodide in water. 
7. Nicotine in water, 
8. Nicotine +- excess butyric acid in acetone. 
9. Nicotine +- excess crotonic acid in acetone. 
10. Nicotine. 
11. Nicotine in acetone. 
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Proc. Roy. Soc., 1913, A, 88, 388; compare Pickard and Kenyon, 
J., 1914, 105, 844, 845, 847, 1118; Patterson, J., 1916, 109, 1182; 
1925, 127, 2441), which have been used from time to time to cor- 
relate the rotatory dispersions of a series of solutions or of related 
compounds. 

These devices are merely a graphical expression of Biot’s mixture 
rule, according to which the rotatory power of a binary mixture for 
any wave-length can be calculated by simple proportion from the 
rotatory powers of the two components for the same wave-length. 
Conversely, therefore, if the lines in Darmois’s rectilinear diagram 
are accurately congruent, or if the points in the characteristic 
diagram of Armstrong and Walker fall accurately upon a series of 
straight lines, we may conclude that the rotations in question can be 
expressed as the weighted mean of those of two limiting components. 
The easiest case to understand is that in which these limiting com- 
ponents are real compounds, and exhibit simple rotatory dispersion ; 
the rotatory powers of mixtures in various proportions can then be 
expressed by a general formula of the type 

x 1—z 

WF eis 2,” she 2 — a.” 

where x is the fraction by weight of one component in the mixture. * 
These numbers would obviously give rise to accurate linear diagrams, 
and this would still occur if the limiting components in the diagram did 
not represent two pure substances but merely two limiting mixtures, 
or if one or both of the limiting components exhibited a complex 
rotatory dispersion. The same result would follow also if a d‘agram 
were plotted for a single pure compound in which two partial rotations 
were developed in varying proportions according to the nature of 
the medium or the physical conditions of temperature and pressure ; 
but the rule would no longer hold good if one partial rotation could 
be increased without a corresponding decrease in the other, since 
Biot’s mixture rule would obviously fail if the specific rotations of 
the components were variable even if their dispersion ratios remained 
constant. In the case of nicotine, we have seen that the specific 
rotation falls to one-half when the base is dissolved in water, but 

* This family of curves has been plotted for the case in which A,? = 0-03, 
A,’ = 0-06 (J., 1915, 107, 1200). In this figure Patterson’s “ rational zero ”’ 
depends on finding a curve on which the ordinate a has equal values for 
two selected values of the abscissa A*, which must obviously lie on opposite 
sides of a maximum, ¢.g., a = +2° for \* = 0-1 or 0-2 on the curve 0-74— 
0:38. In this ideal case, in which only two components are possible and no 
deviations from Biot’s mixture law are admitted, the “ dispersion ratio ” 
with respect to Patterson’s “ rational zero” is then identical with the dis- 


persion ratio ealeulated in the ordinary way for the difference between the two 
limiting components A and B. 


ée.= 
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without any substantial change in the dispersion ratios. The data 
for anhydrous and aqueous nicotine would therefore be congruent 
with those of a compound of zero rotatory power at all wave-lengths, 
or of a compound (either dextrorotatory or levorotatory) which 
had the same dispersion ratios as the base; but they could not be 
congruent with the data for a dextrorotatory salt with much smaller 
dispersion ratios. The fact that in the case of nicotine, both in the 
homogeneous state and when dissolved in nitrotoluene, quinoline, 
water, formamide, or sulphuric acid, “the data obtained lie in a 
fairly satisfactory manner on the lines of the diagram ” (Patterson 
and Fulton, J., 1925, 127, 2441) shows that this method of examin. 
ation is subject to the same limitations as the graphical method of 
detecting simple rotatory dispersion, e.g., that it will show up the 
more obvious deviations from the rule, but in other cases can only 
be regarded as preliminary to a precise algebraic analysis of the data. 
Thus, whilst the characteristic diagram for nicotine and its derivatives 
appears to be compatible with a two-component scheme such as 
that represented by the equation « = a/(,2 — 0-03) — (1 — 2)/ 
(22 — 0-06), algebraic analysis reveals the existence on the one hand 
of a series of levorotatory molecules with an almost constant high 
dispersion but with very variable specific or molecular rotations, and, 
on the other hand, of a series of dextrorotatory ions with an almost 
constant low dispersion but again with very variable rotatory powers; 
and it is only in exceptional cases that these two types of partial 
rotation coexist in such proportions as to give rise to dispersion 
curves which are too complex to exhibit a linear relation between 
1/« and 2? in a merely graphical analysis. Whilst, therefore, the 
dispersion curves for tartaric acid and its esters are conspicuously 
anomalous, the curves for nicotine and its salts, with almost identical 
values for the high- and low-frequency dispersion constants (0-03 and 
0-06), nearly all exhibit at least a pseudo-simple rotatory dispersion, 
and only become anomalous under specially selected conditions. 


Summary. 


(a) The rotatory dispersion of nicotine is nearly (but not quite) 
simple, with 1,2 = 0-06; the characteristic wave-length is rather 
less than that of the maximum of selective absorption. 

(6) The hydrate in water, and the butyrate and crotonate in 
acetone, have nearly the same dispersion ratios as free nicotine, but 
their rotatory powers are much less. It is possible that nicotine 
forms a pseudo-base, like those investigated by Decker in the 1s0- 
quinoline series, and a series of pseudo-salts with weak acids. 

(c) The isomethiodide is levorotatory, but its hydriodide and 
methiodide are dextrorotatory with a nearly simple dispersion for 
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which 1, = 0-03. The zinc chloride compound of nicotine is also 
dextrorotatory with very similar dispersion ratios. 

(d) The reversal of sign on salt formation, which has been noticed 
also in brucine and coniine, and on benzoylation of tetrahydroquin- 
aldine, is associated in nicotine with the saturation of a lone-pair of 
electrons on the pyrrolidine nitrogen, and is perhaps dependent on 
the elimination of an incipient dative bond between the two rings. 

(e) A solution showing anomalous rotatory dispersion has been 
prepared by diluting nicotine acetate with water. 

(f) The significance of Darmois’s rectilinear diagram and Arm- 
strong and Walker’s characteristic diagram is discussed. 
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CCXXXVI.—Anhydro-compounds derived from 2-Nitro- 
3: 4-dimethoxyphenylacetonitrile and Certain 
pseudo-Bases. 

By Joun Masson GuLLAND and Cyrit JoserH VIRDEN. 

SEVERAL examples are recorded in the literature in which aporphine 


bases have been synthesised by means of series of reactions which 
have as their starting point the condensation of o-nitrotoluene, or a 
derivative, with a pseudo-base of the isoquinoline group. For 
instance, Gadamer, Oberlin, and Schoeler (Arch. Pharm., 1925, 263, 
81) prepared the simplest member of the series, aporphine (I), using 
o-nitrotoluene and 1-hydroxy-2-methyl-1 : 2-dihydroisoquinoline, 
obtained from isoquinoline methiodide. The application of this 
method to the synthesis of the large group of aporphines, or their 
ethers, which contain oxygen atoms in positions 3 and 4 requires 
the condensation of suitable pseudo-bases with 2-nitrohomo- 
veratrole (III). This substance, which we have obtained in the 


CH(OH) i 
\wMe MeO cu, 
Ni A No, (iL) 

CH, 
M 
CH(OH) —- Meo Jow, cn 
ogg No, 
ae Iv.) 
(VIII.) CH, 


manner described by Oberlin (Arch. Pharm., 1925, 263, 641) and 


also bY, ~ methylation of 2-nitro-3-hydroxy-p-tolyl methyl ether 
3P 


(II.) 
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(Gulland and Robinson, J., 1926, 1977), does not appear to undergo 
such condensations, and it is evident that the activation by the 
nitro-group in position 2 is insufficient; this observation is note- 
worthy when contrasted with the reactivity of 6-nitrohomoveratrole 
(Robinson and Robinson, J., 1914, 105, 1456). 

It seemed possible that this obstacle might be surmounted by the 
use of a derivative of 2-nitrohomoveratrole in which the methyl 
group was activated in such a manner that, first, no interference 
with the reduction of the nitro-group would occur, and, secondly, 
the activating group might be removed at a later stage without 
affecting the remainder of the molecule. Some years ago, therefore, 
one of the authors directed his attention to the use of 2-nitro- 
3 : 4-dimethoxyphenylacetonitrile (IV), which was obtained by the 
interaction of 2-nitro-3 : 4-dimethoxybenzy] chloride with potassium 
cyanide in aqueous alcohol (Kay and Pictet, J., 1913, 103, 953). 
2-Nitro-3 : 4-dimethoxyphenylacetamide has been isolated as a by- 
product of this reaction. The expectation that the methylene group 
of this nitrile would exhibit the same high reactivity as that of 
phenylacetonitrile was justified, and anhydrocotarnine-2-nitro- 
3 : 4-dimethoxyphenylacetonitrile (V), anhydrolaudaline-2-nitro-3 : 4- 
dimethoxyphenylacetonitrile (VI), and 1-a-cyano-2’-nitro-3’ : 4’-di- 


methoxybenzyl-6-methoxy-2- methyl- 1 : 2:3 : 4 - tetrahydroisoquinoline 
(VII) were readily obtained in crystalline condition by warming 
alcoholic solutions of the nitrile (IV) and cotarnine, laudaline, 
and 1-hydroxy-6-methoxy-2-methyl-1 : 2 : 3 : 4-tetrahydroisoquinoline 
(VIII) respectively. 


MeO, a roi 
Me 
Os fur ‘CN a CN 


10, CH'CN NO, 


OMe PR Med >: > 
~ 


\cu, 
(V.) (VE.) (VII.) 

Some description is required of the stages in the preparation of 
the pseudo-base (VIII). The starting point in these experiments 
was $-3-methoxyphenylethylamine, which has been obtained more 
recently by Helfer (Helv. Chim. Acta, 1924, 7, 945), and also by 
Chakravarti, Haworth, and Perkin (J., 1927, 2265) from m-methoxy- 
benzaldehyde in the manner originally employed by the authors. 
An attempt to prepare this amine from w-nitro-m-methoxystyrene by 
way of m-methoxyphenylacetaldoxime was abandoned on account of 
the poor yield obtained. The formyl derivative of 8-3-methoxy- 
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phenylethylamine yielded 6-methoxy-3 ; 4-dihydroisoquinoline when 
submitted to the action of phosphorus oxychloride, and the pseudo- 
base (VIII) was readily obtained from this by treatment of the 
methiodide with aqueous potash. Reduction of the methiodide 
yielded 6-methory-2-methyltetrahydroisoquinoline, which was charac- 
terised by the preparation of the hydriodide and picrate, and oxid- 
ation by permanganate converted the pseudo-base into 1-keto-6- 
methoxy-2-methyltetrahydroisoquinoline. 

The subsequent treatment of the anhydro-compounds (VI) and 
(VII)—namely, reduction of the nitro-group, completion of the 
phenanthrene system, hydrolysis of the cyano-group, and elimin- 
ation of carbon dioxide—broke down at the first stage, because these 
substances were readily hydrolysed by dilute acids with re-formation 
of their generators, a property shared also by the base (V). More- 
over, it was found impossible to effect reduction in alkaline media 
without causing simultaneous fission of the molecule. For example, 
reduction of the base (VII) by means of ammoniacal ferrous hydr- 
oxide yielded 2-amino-3 : 4-dimethoxyphenylacetonitrile, which was 
also prepared for comparison from the nitrile (IV) by a similar 
process, 

Recently, in view of the work of Avenarius and Pschorr (see below) 
a closer study has been made of the action of hydrochloric acid on 
the anhydro-compound (VII), This substance dissolved in 2N- 
hydrochloric acid at room temperature, forming a solution which 
remained clear for some time; when the solution was warmed to 
about 60°, it became cloudy and deposited an oil which soon crystal- 
lised, and was identified as the nitrile (IV). The pseudo-base (VIII) 
was isolated from the mother-liquor. A group of experiments was 
then carried out in which solutions of the base (VII) in concentrated 
hydrochloric acid, in various strengths of dilute hydrochloric acid, 
and in aqueous-alcoholic hydrochloric acid respectively, were boiled 
for periods ranging from two to fifteen minutes. In every case 
fission of the molecule occurred, and the pseudo-base was isolated as 
the periodide, C,,H,,ONI,, by the addition of sodium iodide to the 
acid solution. This periodide and the very similar periodide, 
C,,H,,ONI,, of the same melting point, were prepared for com- 
parison by adding the requisite amount of standardised alcoholic 
iodine solution to alcoholic solutions of 6-methoxy-3 : 4-dihydrotso- 
quinoline methiodide. Finally, the procedure adopted by Avenarius 
and Pschorr in their experiments—namely, hydrolysis with concen- 
trated hydrochloric acid and subsequent reduction with tin—was 
followed and resulted in the isolation of a small quantity of a base 
(probably 6-methoxy-2-methyltetrahydroisoquinoline), which could 
not be diazotised. 
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Recently Avenarius and Pschorr (Ber., 1929, 62, 321) have 
described a synthesis of apomorphine dimethyl ether (I, with OMe 
in positions 3 and 4), in which the anhydro-compound obtained from 
2-nitro-3 : 4-dimethoxyphenylacetonitrile (IV) and _ 1-hydroxy- 
2-methyltetrahydroisoquinoline (II) was heated with hydrochloric 
acid and then reduced with tin. This treatment was claimed, first, 
to have hydrolysed the cyano-group and eliminated the resulting 
carboxyl as carbon dioxide, and, secondly, to have reduced the 
nitro-group, and a description is given of 1-(2’-amino-3’ : 4’-di- 
methoxybenzyl)-2-methyltetrahydroisoquinoline dihydrochloride, 
and of its conversion into ‘apomorphine dimethyl ether meth- 
iodide,” which formed colourless needles, m.p. 195°. Itis remarkable 
that Avenarius and Pschorr state “‘ Diese erwiesen sich als identisch 
mit dem aus natiirlichem Apomorphin-dimethylaither erhaltenen 
Jodmethylat.”” apoMorphine is levorotatory, and there can surely 
be no possibility that its methyl ether methiodide (m. p. 195°, 
corr.; [a]p — 42-03°; Pschorr, Jaeckel, and Fecht, Ber., 1902, 35, 
4389) is identical with the synthetical material of Avenarius and 
Pschorr. Further, there is no fundamental reason why dl-apo- 
morphine dimethyl ether methiodide should melt at the same 
temperature as its levorotatory isomeride. 

In view of the apparent discrepancy between the results of the 
experiments with the substance (VII) and those recorded by 
Avenarius and Pschorr, it was decided to attempt to repeat the 
synthesis of apomorphine dimethyl ether as described by these 
authors. We cannot claim to have duplicated their conditions 
exactly, since the experimental details of their paper are at times 
vague, and this lack of detail is especially in evidence in the all- 
important description of the hydrolysis of the cyano-group by 
hydrochloric acid. 

Avenarius and Pschorr used as starting material either isoquinoline 
methiodide or 1-hydroxy-2-methyltetrahydroisoquinoline (Il), 
which they obtained by the isomerisation of formyl-§-phenylethy!- 
methylamine * by means of thionyl chloride. Up to the present, 
we have been unable to obtain the substance (II) by this method, 
nor has a careful search of the literature revealed any instance in 
which the action of thionyl chloride has brought about either (@) 
ring closure of formyl-$-phenylethylamine (or a derivative) to 4 
3 : 4-dihydroisoquinoline base, or (b) isomerisation of formy]-f-pheny!- 


* The analytical figures recorded for this substance by Avenarius and 
Pschorr show that it can scarcely have been pure: ‘‘C,9H,,NO. Ber. 
C 67-01, H 7°31; Gef. C 67-42, H 7-38.” This theoretical percentage is surely 
incorrect, since C,,H,,ON requires C, 73-6; H, 80%. It is unfortunate that 
the boiling point is not stated. 
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ethylmethylamine (or a derivative) to the corresponding pseudo- 
base. We have therefore restricted ourselves to the use of iso- 
quinoline methiodide. Solutions of the nitrile (IV) and isoquinoline 
methiodide in equimolecular proportion in sodium ethoxide solution 
(containing two equivalents of sodium) were boiled gently for a 
short time and then kept at room temperature for periods ranging 
from 24 to 60 hours. The subsequent treatment of these solutions 
was diversified as widely as possible. In some cases, they were 
heated with various quantities of concentrated hydrochloric acid 
under reflux or in open flasks, reduced with tin, basified, and 
extracted with ether. In others, a more elaborate process was 
resorted to, by which the basic constituents, including potentially 
the condensation product, were separated from considerable frac- 
tions of acidic and feebly basic character, and were then heated with 
concentrated hydrochloric acid, reduced with tin, and extracted with 
ether after basification. Treatment of the dried ethereal extracts 
with hydrogen chloride yielded mixtures of crystals and oily material, 
which were dissolved in dilute sulphuric acid and “‘ diazotised.”’ 
In every case, only a fraction of the theoretical amount of nitrite 
solution, if any, was required, assuming that the material under 
investigation was 1-(2’-amino-3’ : 4’-dimethoxybenzyl)-2-methy]- 
tetrahydroisoquinoline dihydrochloride. From each of these solu- 
tions, following the usual methods of treatment with copper powder, 
we have isolated as the only crystalline product a methiodide, m. p. 
192° (corr.), which has been shown to be 2-methyltetrahydroiso- 
quinoline methiodide, both by analysis, and by comparison with a 
specimen prepared from 2-methyltetrahydroisoquinoline. 

We do not maintain that apomorphine dimethyl ether cannot be 
synthesised by this procedure, but wish rather to state that if 
2-nitro-3 : 4-dimethoxyphenylacetonitrile does react with iso- 
quinoline methiodide under the influence of sodium ethoxide to 
form an anhydro-compound, then in our hands fission of this 
anhydro-compound occurred under widely divergent conditions of 
hydrolysis, and that this result is supported by similar experiments 
with analogous substances. 


EXPERIMENTAL. 


«-Nitro-3-methoxystyrene.—(i) A cold solution of sodium (2-3 g.) 
in absolute alcohol (50 ¢.c.) was added in the course of 1 hour toa 
solution of m-methoxybenzaldehyde (12-4 g.) and nitromethane 
(6-1 g.), which was cooled in ice. After the mixture had remained 
in ice until a test portion deposited no oil when diluted with water, 
the sodium salt of the aci-form of 3-methoxy-«-hydroxy--nitro- 
ethylbenzene (compare Bouveault and Wahl, Compt. rend., 1902, 
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135, 41) was precipitated with ether, collected, and dehydrated by 
heating with fused zine chloride (10 g.) and acetie acid (50 c.c.) for 
3 hours. When this solution was mixed with water, w-nitro-3-meth. 
oxystyrene separated in crystalline condition; it was recrystallised 
from alcohol or benzene-—ligroin, from both of which it separated in 
shining yellow leaflets, m. p. 91—92° (Found: ©, 60-3; H, 5-4. 
C,H,0,N requires C, 60-3; H,5-1%). It dissolved readily in chloro. 
form, acetone, and hot benzene, but was insoluble in ligroin. 

(ii) The conditions used successfully in other cases by Knoevenagel 
and Walter (Ber., 1904, 37, 4502) resulted in the formation of a very 
sparingly soluble substance, and the following conditions were there- 
fore employed. A mixture of m-methoxybenzaldehyde (10-8 z.), 
nitromethane (5-2 g.), methylamine hydrochloride (0-4 g.), and 
anhydrous sodium carbonate (0-2 g.) in absolute alcohol (10 c.c.) was 
kept at room temperature for 48 hours. Almost pure -nitro- 
3-methoxystyrene separated in glistening plates, which were 
collected and washed with alcohol. The filtrate was kept at room 
temperature, and after 24 hours the crystals were collected, and 
successive crops were removed from the filtrate at intervals of 12 
hours. After a total yield of 12 g. had been isolated, a mixture of 
two substances began to separate from the solution. One of these 
was very sparingly soluble in the usual solvents and appeared to be 
the insoluble substance mentioned above, whilst the other could 
be crystallised from ethyl alcohol. A separation was therefore 
readily effected, and after several crystallisations from alcohol, the 
more soluble substance was obtained in pale yellow, non-lustrous 
clusters of needles, which melted at 91—92° and at the same tem- 
perature when mixed with the glistening plates. Investigation of 
the two forms showed that they were dimorphic. 

3-Methoxryphenylacetaldoxime.—A mixture of «-nitro-3-methoxy- 
styrene (4 g.), zinc dust (15 g.), acetic acid (10 g.), and water (200 
c.c.) was warmed on the water-bath until the styrene had dissolved. 
The liquid was filtered, and on cooling, the filtrate deposited a brown 
oil, which soon became partly crystalline. It was dissolved in ether, 
and the oxime separated from coloured oily impurities by repeated 
extraction of the ethereal solution with small quantities of sodium 
hydroxide solution. Acidification of the alkaline extract with 
acetic acid yielded the oxime as a colourless oil which soon solidified, 
and crystallised from ligroin (b. p. 60—80°) in colourless needles 
(0-4 g.; 11% of theory), m. p. 91° (Found: C, 65-6; H, 6-7. 
C,H,,0,N requires C, 65:5; H, 6-7%). It readily dissolved in the 
usual solvents. 

Formyl-8-3-methoxyphenylethylamine.—m-Methoxycinnamic acid 
was prepared in the manner which has since been described by 
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Chakravarti, Haworth, and Perkin (loc. cit.), and was converted 
into 8-3-methoxyphenylethylamine as described by Helfer (loc. cit.). 
The amine (20 g.) and anhydrous formic acid (20 g.) were heated at 
175° for 6 hours; the product was poured into water and extracted 
with benzene. The extract, when dried and distilled, yielded the 
formyl derivative as an oil, b. p. 216°/17 mm. (Found: N, 7-9. 
C19H,,0,N requires N, 7-8%). 

6-Methoxy-3 : 4-dihydroisoquinoline Methiodide-—The vigorous 
reaction which occurred when formyl]-8-3-methoxyphenylethylamine 
(30 g.) was added to phosphorus oxychloride (50 c.c.) was moderated 
by cooling in ice, and the mixture was then heated on the water- 
bath for 30 minutes, cooled, and mixed with ligroin. The basic 
product of the reaction, which remained as a salt in the lower layer, 
was washed with ligroin by decantation and dissolved in dilute 
hydrochloric acid. Concentrated potassium hydroxide solution 
precipitated 6-methoxy-3 : 4-dihydrotsoquinoline as an oil, which 
was extracted with benzene, dried with solid potash, freed from 
solvent, and distilled; b. p. 155°/16 mm. When methyl iodide was 
added to a dry benzene solution of the base, the methiodide rapidly 
separated ; it was recrystallised from alcohol, forming bright yellow 
needles, m. p. 199° (decomp.), which readily dissolved in hot water 
(Found : I, 41-8. C,,H,,ONI requires I, 41-9%). 

The Periodites of 6-Methoxy-3 : 4-dihydroisoquinoline Methiodide.— 
The volumes of standard alcoholic iodine solution required for one 
and for two molecular quantities were added to alcoholic solutions 
of the methiodide. The dark oils which separated solidified after 
several hours, and were crystallised from alcohol, from which both 
periodides separated in chocolate-brown needles, m. p. 82° (decomp.) 
(Found: I, 640 and 177-0 respectively. C,,H,,ONI, requires 
I, 68-4%. C,,H,,ONI; requires I, 78-3%). These substances did 
not crystallise readily from alcohol, since they melted under the 
solvent at a low temperature, and always separated very slowly. 

1-Hydroxy - 6 - methoxy - 2 - methyltetrahydroisoquinoline (VIII).— 
3: 4-Dihydroisoquinoline methiodide (5 g.) was dissolved in warm 
water (50 c.c.), and the solution was cooled so that no separation 
of material occurred. The addition of concentrated potassium 
hydroxide (15 c.c. of 50%) precipitated the pseudo-base as an oil, 
which rapidly crystallised when seeded with a crystal obtained 
previously by rubbing a small portion with ether. This product 
was collected on asbestos, washed with a little water, and dried in a 
vacuum over solid potash. When crystallised from benzene, the 
pseudo-base formed colourless prisms, m. p. 102°, which decomposed 
rather readily when dissolved in hot solvents (Found: N, 7:2. 


C,,H,,O,N requires N, 7-2%). 
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6-Methoxy-2-methyltetrahydroisoquinoline.—A solution of 6-meth- 
oxy-3 : 4-dihydroisoquinoline methiodide (4 g.) in concentrated 
hydrochloric acid (50 c.c.) was heated on the water-bath and reduced 
by the gradual addition of an excess of granulated zinc. The 
solution was filtered and made alkaline, and the base liberated was 
extracted with ether. The extract, when dried and distilled, left 
6-methoxy-2-methyltetrahydroisoquinoline as a colourless oil which 
did not crystallise. It was converted into the hydriodide by adding 
sodium iodide to a solution in dilute hydrochloric acid. When 
crystallised from water, this salt formed colourless needles, m. p. 
173—174°, which were sparingly soluble in ethyl alcohol (Found in 
material dried at 100°: C, 43-5; H, 5-5. C,,H,,ON,HI requires 
C, 43-3; H, 5-2%). 

The picrate separated as an oil when prepared in alcoholic solution, 
but soon solidified, and formed yellow rosettes, m. p. 130—131°, 
when recrystallised from methyl alcohol. 

1 - Keto - 6 - methoxy - 2 - methyltetrahydroisoquinoline.—6-Methoxy- 
3: 4-dihydroisoquinoline methiodide (6 g.), dissolved in water 
(300 c.c.), was converted into the corresponding methochloride by 
the usual method. Dilute sodium hydroxide (60 c.c. of 2N) and 
potassium permanganate (1-1 g. in 30 c.c. of water) were then added, 
and after 1 hour, the solution was filtered, neutralised with dilute 
sulphuric acid, and concentrated on the water-bath. The oil which 
separated was dissolved in ether and dried with potassium carbonate. 
When distilled, this extract yielded 1-keto-6-methoxy-2-methyltetra- 
hydroisoquinoline as an oil which rapidly crystallised, and separated 
from a mixture of ligroin (b. p. 40—60°) and benzene in colourless 
rhombic plates, m. p. 50° (Found: C, 68-8; H, 6-7. C,,H,,0,N 
requires C, 69-1; H, 6-8%). 

Anhydrocotarnine-2-nitro-3 : 4-dimethoxyphenylacetonitrile (V).— 
A solution of cotarnine (1 g.) and 2-nitro-3 : 4-dimethoxyphenyl- 
acetonitrile (1 g.) in aleohol (10 c.c.) was warmed for a few moments 
on the water-bath until crystals formed in the liquid. When cold, 
the anhydro-compound was coliected and recrystallised from ethy! 
alcohol, forming cream-coloured needles, m. p. 153° (decomp.), 
having gradually become red from 120° (Found: C, 60-0; H, 5-4. 
Cy9H,,0,N, requires C, 59-9; H, 5-2%). This and the two following 
compounds were readily hydrolysed by warm dilute acids. 

Anhydrolaudaline-2-nitro-3 : 4-dimethoxyphenylacetonitrile (V1).—A 
solution of laudaline (Pyman, J., 1909, 95, 1266; compare Robinson 
and Shinoda, J., 1926, 1989) (0-2 g.) and 2-nitro-3 : 4-dimethoxy- 
phenylacetonitrile (0-2 g.) in alcohol (6 c.c.) was warmed for a few 
minutes and kept over-night. The anhydro-derivative then separ- 
ated when the vessel was scratched with a glass rod, and erystallised 
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from alcohol in clusters of faintly yellow needles, m. p. 125—127° 
(Found : C, 62-0; H, 6-1. C,,H,,O,N; requires C, 61-8; H, 5-9%). 

]-a-Cyano-2’-nitro- 3' : 4'- dimethoxybenzyl- 6 -methoxy - 2 - methyl- 
tetrahydroisoquinoline (VII) was prepared from 2-nitro-3 : 4-di- 
methoxyphenylacetonitrile (4:8 g.) and 1-hydroxy-6-methoxy- 
2-methyltetrahydroisoquinoline (4-2 g.) in a manner similar to that 
used above, It crystallised from alcohol in clusters of yellow 
needles (6 g.), m. p. 95—96° (Found : C, 63-8; H, 5-8. C,,H,,0;N, 
requires C, 63-5; H, 5-8%). The nitrile (IV) was isolated after an 
attempt to reduce this base with hot alcoholic ammonium sulphide. 

Solutions of the base (VII) (0-5 g.) in each of the following solvents 
(5 c.c.) were made: (a) concentrated hydrochloric acid; (6) equal 
volumes of concentrated hydrochloric acid and water; (c) two 
volumes of concentrated hydrochloric acid and one of water; (d) 
two volumes of concentrated hydrochloric acid and one of alcohol. 
When these solutions were boiled for periods ranging from 2 to 15 
minutes, their colour darkened, and the aqueous solutions deposited 
tarry material. The solutions were cooled to 0°, diluted with ice, 
decanted from tar, and mixed with sodium iodide. The initial dark 
brown, oily precipitate solidified on standing, and when crystallised 
from alcohol, the periodide of 6-methoxy-3 : 4-dihydroisoquinoline 
methiodide separated in chocolate-brown needles, m. p. 82° (Found : 
I, 78-3. Cale. for C,,H,,ONI,;: I, 783%). This substance was 
identical with the corresponding periodide described on p. 1797. 

In an attempt to combine in one reaction both hydrolysis and 
reduction, a solution of the base (VII) (1 g.) in concentrated hydro- 
chlorie acid (5 c.c.) and alcohol (3-5 c.c.) was boiled under reflux for 
30 minutes, and then reduced by heating for 30 minutes with an 
excess of tin and more concentrated hydrochloric acid (7 ¢.c.). After 
the pale yellow solution had been filtered and made alkaline with 
sodium hydroxide solution, ether extracted a small amount of basic 
oil, which did not diazotise. 

2-Amino-3 : 4-dimethoxyphenylacetonitrile was obtained from 
the reduction of the anhydro-base (VII), and from 2-nitro-3 : 4-di- 
methoxyphenylacetonitrile. 

(i) The base (VII) (2-1 g.) in hot alcohol (60 c.c.) was added to a 
reducing mixture previously prepared by the addition of concentrated 
aqueous ammonia (20 c.c.) and hot alcohol (80 c.c.) to a solution of 
ferrous sulphate (12-5 g.) in hot water (100 c.c.) containing a trace 
of sulphuric acid. This mixture was then heated on a water-bath 
for 30 minutes, filtered, and the filtrate was mixed with about 
400 c.c. of alcohol in order to precipitate ammonium sulphate. This 
was removed by filtration, and the filtrate evaporated on the water- 
hath under reduced pressure. The residual gum soon crystallised, 
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and formed honey-coloured, boat-shaped plates, m. p. 107°, when 
recrystallised from water (Found: C, 62:5; H, 5-9; N, 14-5. 
Ci9H,O,N, requires C, 62-5; H, 6-2; N, 146%). This substance 
was shown by a mixed melting point determination to be identical 
with the specimen of 2-amino-3 : 4-dimethoxyphenylacetonitrile 
described below. 

(ii) A solution of 2-nitro-3 : 4-dimethoxyphenylacetonitrile (1 g.) 
in hot alcohol (25 c.c.) was added to a reducing mixture of ferrous 
sulphate (11-2 g.) in water (100 c.c.) and concentrated aqueous 
ammonia (20 c.c.). This mixture was heated on the water-bath for 
30 minutes, and the liquid was filtered through a very thin layer of 
charcoal, and evaporated on the water-bath until crystals separated 
on the surface. 2-Amino-3 : 4-dimethoxyphenylacetomitrile separated 
completely on cooling, and was recrystallised from water, forming 
colourless needles, m. p. 108°. It dissolved in cold dilute hydro. 
chloric acid, and, when diazotised, coupled with $-naphthol in 
alkaline solution. In attempting to hydrolyse the cyano-group of 
this compound, a solution in concentrated hydrochloric acid was 
boiled for 3 hours, poured into water, and rendered alkaline with 
ammonia, The solution at once became coloured, and rapidly 
passed through the series of green, purple, blue, and black; no 
homogeneous material could be isolated. 

The acetyl derivative, prepared by warming the base with acetic 
anhydride, adding water, and collecting the product, crystallised 
from water in minute colourless needles, m. p. 184°, which were 
insoluble in dilute acids. 

Formyl-8-phenylethylmethylamine.—Potassium (6-25 g.) was pow- 
dered by stirring it mechanically under toluene (400 c.c.) in a flask 
fitted with a mercury-sealed stirrer, swept out by a current of 
hydrogen, and heated in an oil-bath. A solution of formyl-8-phenyl- 
ethylamine (23 g.) in toluene (50 c.c.) was then added, and stirring 
was continued for 4 hours until all the potassium had reacted, the 
temperature being maintained at 85°. - The mixture was allowed to 
cool, and after methyl iodide (40 g.) had been added, stirring was 
continued at room temperature for 18 hours, and then, after the 
addition of more methyl iodide (20 g.), the mixture was warmed 
gently for 4 hours, and kept over-night. When potassium iodide 
had been removed by filtration, the solvent was evaporated, and the 
residual formyl-8-phenylethylmethylamine (21 g.) distilled as a cclour- 
less oil, b. p. 183-5°/30 mm. (Found: C, 73:3; H, 8-3. © 9H,,0N 
requires C, 73-6; H, 8-0%). Inan attempt to convert this substance 
into the pseudo-base (II), a solution of the formyl] derivative (21 g.) 
and thionyl chloride (26 c.c.) in toluene (100 c.c.) was heated on the 
water-bath for 20 minutes, and then boiled gently over a gauze 
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for 40 minutes. -After the toluene and thionyl chloride had been 
removed under reduced pressure, the residue was extracted repeatedly 
with dilute hydrochloric acid, and the extracts were made alkaline 
with sodium hydroxide and shaken repeatedly with ether. When 
distilled, the ether left an oil, which was purified by solution in acid, 
filtration, precipitation with alkali, and extraction with ether. The 
colourless oil thus obtained in poor yield did not crystallise, and 
did not condense with the nitrile (IV). A similar experiment in 
which the toluene solution of the reactants was boiled vigorously 
for 25 minutes led to the same result. 

When a solution of formyl-§-phenylethylmethylamine (4 g.) in 
concentrated hydrochloric acid (20 ¢.c.) was boiled under reflux for 
4 hours, and evaporated under reduced pressure, the residual 
8-phenylethylmethylamine hydrochloride obtained crystallised from 
ether—alcohol in colourless plates, m. p. 157° (Decker and Becker, 
Annalen, 1913, 395, 362, give m. p. 155—157°). 

Attempted Preparation of dl-apoMorphine Dimethyl Lther. 
2- Methyltetrahydroisoquinoline Methiodide.—The experiments 
described below are typical of a number which were carried out, 
all of which resulted in the isolation of 2-methyltetrahydroiso- 
quinoline methiodide. 

(i) A mixture of the nitrile (IV) (2-0 g.), isoquinoline methiodide 
(2-4 g.), sodium ethoxide solution (12 ¢.c. of 1:12N), and alcohol 
(23 c.c.) was boiled gently for 15 minutes, and kept at room tem- 
perature for 42 hours. After being mixed with concentrated hydro- 
chlorie acid (35 c.c.), the solution was boiled for 45 minutes in an 
open flask, the volume being kept constant by the addition of 
concentrated hydrochloric acid. During this stage a dark oil 
separated, but this gradually dissolved and the solution became 
pale yellow when an excess of tin was added. After the reduction 
had proceeded for 10 minutes, more concentrated hydrochloric acid 
(15 c.c.) was added, and heating was continued for 35 minutes. The 
cooled, filtered solution was made alkaline with concentrated sodium 
hydroxide solution (ammonia evolved) and extracted with ether. 
The ethereal solution, after being dried with potassium carbonate and 
concentrated, yielded a hydrochloride (1-2 g.) as a mixture of gum 
and needles when treated with hydrogen chloride. The ether was 
decanted, and the hydrochloride dissolved in dilute sulphuric acid, 
and titrated with 1-121N-sodium nitrite solution (0-6 ¢.c.; theory, 
28 c.c.), starch-iodide paper being used. The acid solution, after 
being treated with nitrite, did not couple with alkaline $-naphthol. 

(ii) The course of this experiment was exactly parallel to that 
just described, but the hydrolysis with acid was carried out under 
reflux, and the reduction was prolonged for 60 minutes in all. No 
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dark oil separated in the experiments in which the alcohol was not 
allowed to boil away. The hydrochloride (1-4 g.) required 1-1 c.c, 
of 1-121N-sodium nitrite solution (theory, 3-24 c.c.). 

After treatment with nitrite solution, both solutions (i) and (ii) 
were mixed with copper-bronze; several hours later, they were 
filtered, made alkaline with sodium hydroxide, and extracted with 
ether. The ethereal solution, when dried with potassium carbonate 
and distilled, yielded an oil which combined with methyl iodide in 
alcoholic solution to form a crystalline methiodide. This substance, 
when crystallised from alcohol or purified from traces of yellow im- 
purity by the ethyl acetate—methy] alcohol method (see below), formed 
plates, m. p. 190° after softening from 187° (Found, by microanalysis : 
C,46-1; H,5-8. Cale. forC,,H,,NI: C,45-7; H,5-5%). There was 
no depression in melting point of a mixture of this substance with 
authentic 2-methyltetrahydroisoquinoline methiodide; the mixture 
and the two specimens, when melted in the same bath and allowed to 
cool, solidified between 140° and 150°, and re-melted at 190°. 

(iii) A solution of 2-nitro-3 : 4-dimethoxyphenylacetonitrile 
(3-0 g.), isoquinoline methiodide (3-7. g.), and sodium (0-63 g.) in 
absolute alcohol (30 c.c.) was boiled gently on the water-bath for 
15 minutes and then kept at room temperature for 48 hours. Water 
was added, and the alkaline liquid thoroughly extracted with ether. 
Carbon dioxide, or hydrochloric acid, precipitated from the aqueous 
layer a considerable quantity of a reddish-brown amorphous solid, 
which did not crystallise and has not been examined further. 
Repeated extraction of the ethereal solution with 2N-hydrochloric 
acid yielded an acid solution of the basic products (see below) and 
an ethereal solution containing a red oil (1-1 g.), which was soluble 
in concentrated, but insoluble in dilute, hydrochloric acid, and dis- 
solved readily in the usual organic solvents except ligroin. The acid 
extract (above) was made alkaline with 30°, sodium hydroxide 
solution, and extracted thoroughly with ether. This ethereal 
solution was dried with potassium carbonate and evaporated, and 
the residual red oil (1:3 g.) was heated under reflux with boiling 
concentrated hydrochloric acid (25 c.c.) for 1} hours, mixed with 
more hydrochloric acid (10 c.c.), and reduced for 45 minutes with an 
excess of tin. The pale yellow solution obtained was decanted from 
tin, diluted with water, made strongly alkaline with 30% sodium 
hydroxide solution, and extracted repeatedly with ether. The 
extract was dried with potassium carbonate, concentrated to 20) 
c.c., and treated with dry hydrogen chloride. The pale yellow, 
gummy hydrochloride which separated became partly crystalline 
on standing over-night; some of the rosettes of colourless needles, 
after being detached and pressed on porous porcelain, melted at 
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65—67°, solidified on further heating, and melted at 105°. The 
mixed crystals and gum (0-7 g.), freed from ether by decantation, 
were dissolved in 2N-sulphuric acid, titrated with sodium nitrite 
solution (0-1 c.c. of 1-12N; theory, 1-8 c.c.) and starch—iodide paper, 
and treated with copper-bronze. The acid solution was filtered, 
made alkaline with sodium hydroxide, and the oil was extracted 
with ether, dried with potassium carbonate, and freed from solvent. 
The residual oil reacted vigorously with methyl iodide, and the 
methiodide solidified on rubbing with absolute alcohol, and 
crystallised from the same solvent in colourless plates, m. p. 189°, 
alone or mixed with an authentic specimen of 2-methyltetrahydro- 
isoquinoline methiodide (Found: C, 45-4; H, 5-4%). 

For comparison, 2-methyltetrahydroisoquinoline methiodide was 
prepared by reducing isoquinoline methiodide (2 g.) in concentrated 
hydrochloric acid (15 c.c.) and water (5 c.c.) with excess of zinc, and 
acting with methyl iodide on the 2-methyltetrahydroitsoquinoline 
thus obtained. This methiodide, even when crystallised repeatedly 
from alcohol, melted at 190° after softening at 187°, but it was freed 
from a trace of a yellow impurity as follows. The methiodide was 
suspended in boiling ethyl acetate and just brought into solution by 
adding drops of methylalcohol. On cooling, the impurity separated, 
and the filtered solution deposited the methiodide when boiled to 
remove methyl alcohol. One crystallisation from alcohol yielded the 
methiodide in plates, m. p. 192° (corr.) (Found: C, 46-1; H, 5-4%). 

2-Nitro-3 : 4-dimethoxyphenylacetamide was first isolated from the 
methyl-alcoholic mother-liquor of the crystallisation of crude 
2-nitro-3 : 4-dimethoxyphenylacetonitrile, but it was later obtained 
more readily by pouring the product of the interaction of 2-nitro- 
3: 4-dimethoxybenzyl chloride with potassium cyanide into water, 
collecting the crystalline nitrile, and extracting the amide from the 
filtrate by means of chloroform. When distilled, this extract 
yielded 2-nitro-3 : 4-dimethoxyphenylacetamide, which crystallised 
from alcohol in colourless needles, m. p. 151—153° (Found: C, 
49-7; H, 4-6. C,9H,,0;N, requires C, 50-0; H, 5-0%). It was 
sparingly soluble in benzene, ligroin, and dilute acetic acid, and was 
hydrolysed to 2-nitro-3 : 4-dimethoxyphenylacetic acid by short 
treatment with boiling sodium hydroxide solution. 
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CCXXXVII.--The Unimolecular Decomposition of 
Some Ethers in the Gaseous State. 


By Joun VERNON Stuart Giass and Cyrit NorMAN HINSHELWOOD. 


CERTAIN chemical reactions take place in gases at rates which are 
independent of pressure when this is high, but diminish at lower 
pressures. This behaviour is explained by the theory that at higher 
pressures the rate of activation and deactivation of molecules by 
collision is much greater than the rate of chemical transformation : 
thus an almost constant fraction of the molecules are in the activated 
condition at all pressures, and a constant fraction of these undergo 
chemical change in unit time. The reaction is therefore unimole- 
cular. As the pressure decreases, this condition ceases to be 
satisfied, and finally a state of affairs must be reached where the 
rate of reaction is governed by the rate of activation, giving 
bimolecular reaction. Unimolecular reactions are characteristic of 
molecules with a complex structure such as diethyl ether and azo- 
methane. The region of pressure in which the falling off of the 
velocity coefficient occurs depends upon the number of degrees of 
freedom involved in the activation process : the greater this number, 
the greater is the possible rate of activation, and hence the lower the 
pressure at which the condition for a unimolecular reaction begins 
to fail. A comparison of the behaviour of a series of related sub- 
stances might, therefore, be expected to reveal a decrease in this 
pressure with an increase in the size of the molecule. 

The decompositions of three ethers in the gaseous state, viz., 
methyl ethyl, methyl propyl, and diisopropyl ethers, have been 
examined with the object of comparing them with the decom- 
positions of dimethyl (Proc. Roy. Soc., 1927, A, 445, 215), diethyl 
(ibid., 144, 84), and dipropyl ethers previously investigated, and 
incidentally of obtaining further information about certain matters 
of general theoretical importance. 

The experimental methods employed were precisely the same as 
in the previous investigations. 

The behaviour of methyl ethyl and methyl propyl ethers closely 
resembles that of dimethyl and diethyl ether. At pressures above 
a certain value, the velocity coefficients are independent of the 
pressure, but at lower pressures they fall off; but are restored to the 
normal value by the presence of sufficient hydrogen. This action 
of hydrogen has hitherto appeared to be peculiarly specific, a fact 
which is a little surprising, since the function of the hydrogen is 
simply to maintain the rate of activation by collision. Its efficiency 
in this respect is probably due to the high molecular velocity. 
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Helium, the only gas comparable with hydrogen in this respect, 
suffers from the disadvantage of possessing no energy except that 
of translational motion. If the effectiveness of a foreign gas in 
maintaining the rate of activation is a function both of the speed of 
its molecules, which determines the number of collisions they make, 
and of the amount of energy availablefor transfer, then theadvantage 
possessed in the second respect by a gas with many atoms in the 
nolecule may compensate for its disadvantage in the first respect. 
Methyl propyl ether gives considerable quantities of ethane in its 
decomposition, and there appears to be significance in the fact that 
the reaction products are even more effective than hydrogen in 
preventing the falling off of the reaction velocity at low pressures. 
The methane formed in the decomposition of methyl ethyl ether has 
a similar, but much less marked, influence. 

Ditsopropyl ether possesses a more complex molecule than the 
other two ethers, and no falling off in rate is, in fact, observed down 
toabout 30mm. It would be interesting to know where the falling 
off actually begins, but the determination of this is made almost 
impossible by the fact that the ether decomposes by several different 
reactions, including a surface reaction which is bound to exert a 
greater disturbing action the lower the pressure. 

If ke is the velocity coefficient at high pressures, and k that at 
some pressure p, the question arises how the curve obtained by 
plotting k/ko against p is affected by temperature. According to 
the simplest theory of activation, viz., that the molecule must 
contain a total energy greater than H, and that the probability of 
transformation is independent of the actual amount in excess of LZ, 
the curve should be almost unaffected by the temperature, If the 
probability of transformation is assumed to be a function of the 
excess energy, then the curves are displaced with changing tem- 
perature. For the decomposition of azomethane (Rice and Rams- 
perger, J. Amer. Chem. Soc., 1928, 50, 617; 1927, 49, 1617) a dis- 
placement is observed in the sense that the coefficients begin to fall 
off at a@ higher pressure the higher the temperature. For the 
decomposition of methyl propyl ether the curves are displaced in a 
similar way, but for that of methyl ethyl ether they appear hardly 
to be displaced at all. It is unsafe, however, to draw from these 
results theoretical conclusions about the activation process itself, 
since the influence of the reaction products and other secondary 
effects must distort the picture to some extent. 

By assuming that at the pressure where the reaction velocity 
begins to fall the rate of activation is of the same order of magnitude 
as the rate of reaction, the number of “‘ square terms,” », among 
which the energy of activation is shared, can be calculated in the 
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manner already described (Proc. Roy. Soc., 1926, A, 113, 230). 
The values of n now found are: for dimethyl ether 11, for diethyl 
ether 8, for methyl ethyl ether 9, and for methyl propyl ether 12. 
Since there are two “‘ square terms ”’ to each internal vibration this 
means that 4—6 such degrees of freedom are involved. There is, 
however, no simple relation between n and the chemical formula of 
the molecule. For diisopropyl ether n cannot be calculated, but it 
is not less than 26, and thus differs greatly from the values given 
by the other ethers. This reflects the considerable difference in 
structure, and it is interesting to note that the value of m which 
must be assumed for azoisopropane (Ramsperger, J. Amer. Chem. 
Soc., 1928, 50, 714) is very much greater than the value for azo- 
methane. A series of experiments made some time ago by P. J. 
Askey, although incomplete, showed that the behaviour of dipropyl 
ether was much more similar to that of the lower ethers. 


The Decomposition of Methyl Ethyl Ether. 
A sample, obtained from Poulenc Fréres and carefully fractionated 
in a well-dried apparatus, had b. p. 11—12°. 
This ether decomposes according to the equation CH;°O°C,H, = 
CO + 2CH,. The total increase of pressure is, however, not 200%, 


as the equation indicates, but 168—171%. Some condensation 
product is formed, and a slight tarry deposit is observed. This 
must come, not from the final or any intermediate decomposition 
products, but from the original ether, since the analysis of the 
gaseous products corresponds quite closely to the above equation. 
If the condensation product is assumed to occupy a negligible 
volume, 8% of the ether condenses and 92% decomposes in accord- 
ance with the equation. Analysis of the products of decomposition 
at two different temperatures, carried out in a Bone and Wheeler 


apparatus, gave the following results : 
: Unsat. 
co. CO,. hydrocarbons. 
Products at 430°, % . 33-0 we 2-5 
33°8 1-2 1-4 


99 9? 


The saturated hydrocarbon was shown to consist of (2CH,) and not 
(C,H, + H,) by first leaving it in contact with copper oxide at 275° 
for 10 minutes, which would cause preferential combustion of any 
hydrogen, and then carrying out a combustion of the residue. The 
ratios for this residue were: gas used : CO, formed : contraction : 
oxygen used = 1-00: 1-04: 1-95: 1-99, the theoretical values for 
methane being 1 : 1 : 2: 2 and for ethane 1 : 2 : 2-5 : 3-5. 

The reaction is predominantly homogeneous, although at lower 
temperatures the surface reaction is not entirely absent. In the 
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following table t;, and ¢,9) are the times (in secs.) required for the 
pressure to increase by 50% and 100% respectively of the initial 
value. Bulb 1 was a silica bulb, and bulb 2 a similar one packed 
with small silica balls, having a ratio surface/volume about 16 times 
greater. Bulb 3 was somewhat larger and packed with open lengths 
of silica tubing. 


Initial Tnitial 

Bulb press. Bulb press. 
Temp. No. (mm.,). fs9- — tyg9- Temp. No. (mm.). ts.  tyo9 
460° 540 39 =: 135 430° 248 171 — 


460 458 41 117 430 223 136 
460 122 66 210 400 449 670 
460 135 57 143 400 : 488 407 
430 531 143 509 400 77 1020 
430 540 127 346 400 77 680 


The reaction as measured by the increase of pressure does not 
follow a simple unimolecular course. The coefficients increase for 
the first 25% of the reaction and then fall again. Two causes can 
lead to this initial increase: first, the accelerating influence of the 
products, and secondly, a certain intermediate formation of aldehyde, 
analogous to the formation of formaldehyde which occurs with 
dimethyl ether. In the following table details are given of a typical 
experiment; a is the total pressure increase, x the increase at time ?, 
and & the value of 1/t . log, 9a/(a — 2). 


T = 460°. a = 862 mm. 


t(secs.) 11 15:5 20-5 27 45 91 1385 203 285 518 601 733 
a(mm.) 50 100 150 200 303 453 540 623 688 788 818 838 
kx 108 2-35 3-45 4:05 4:24 4:18 3-56 3-16 2-75 2-44 2-06 2-05 2-17 


In spite of the fact that the reaction is far from being an ideal 
example of a unimolecular change, it satisfies the most important 
criterion of such a reaction, viz., that t,) and t,)) are independent of 
pressure over a considerable range. At low pressures these values 
increase, but the increase does not occur in presence of sufficient 
hydrogen, nor of a sufficient quantity of the reaction products, as 
shown below. 

T = 460°. 


Initial press. (mm.) 540 410 298 
tio (Secs.) 135 142 151 
Initial press. (mm.) 

Press. of hydrogen 

Initial press. of reaction products 

tio0 (secs.) PPITTTTITITITIT TTT TTT 


T = 430°. 

Initial press. 
(mm.) 384 335 248 180 
tsa (ees.) ... 153 163 151 171 184 
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In Fig. 1, t/t is plotted for 430° and 460°, to being the limiting 
value of ¢ at high pressures. 

From the following values of t,, for a series of temperatures, the 
heat of activation is calculated in the usual way from the Arrhenius 
equation, and found to be 47,000 cals. per g.-mol. 
ett BIS iincsrcmsnininntiersests 733° 703° 673° 659° 

155 670 1564 


Fie. 1. 








100 200 300 400 500 
Initial pressure (mm.). 
Decomposition of methyl ethyl ether. 
@ t/to for tio, at 460°. © t/teo for ty at 430°. 


From the heat of activation, the number of “square terms” 
between which the energy is shared (viz., n) is calculated from the 
expression 

oo a) (4. 000 + Ge —1 MEER 
ez 


where, as an approximation, it is assumed that N, the number of 
molecules reacting in one second in 1 c.c., is equal to the number of 
activating collisions at } atmosphere, where the reaction rate begins 
to fall off. At 700° Abs. and at this pressure, VN = 5:1 x 10% 
The total number of collisions, Z, is ~/2niic*v2, v being the numbet 
of molecules per c.c., and o the molecular diameter (say, 5 x 10° 
cm.); at the same temperature and pressure Z is found to be 
4-2 x 10?’. Hence the value of n is found to be 9. 





N= 
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The Decomposition of Methyl Propyl Ether. 

The ether, obtained from Poulenc Fréres, dried over sodium, and 
carefully fractionated, had b. p. 38-8°/761 mm. Its decomposition 
occurs according to the equation CH,*O-CH,°CH,°CH, = CO + 
CH, -+ C,H¢, a small fraction, not exceeding 10%, following the 
equation CH,*O-CH,°CH,°CH, = CO + H, + C3Hy. 

Analysis of the decomposition products at 450° and at 400° 


showed :; 
Unsatd. Satd. hydro- 
co. CO,. hydrocarbons. carbons +- H,. 


Products at 450°, % 35-1 1-0 1-9 62-0 
2 34-0 0-1 2+1 63-8 


The combustion of the “ saturated hydrocarbons + hydrogen ” 
gave the following results. 


” ? 4 , 


CO, formed Contraction Oxygen used 

Gas burnt Gas burnt’ Gas burnt © 
154 2-21 2-76 
00 1-53 2-24 2-76 
Theoretical for CH, + C,H, 1-50 2-25 2-75 

The mixture (C,H, -++ H,) would give the same ratios as (CH, + 
C,H,), but a number of experiments on the fractional combustion 
of the residue with copper oxide showed that the proportion of 
propane and hydrogen was not more than about 10% of the whole 
residue. 

The pressure of the decomposition products varied from 2-5 to 
2-6 times the initial pressure instead of being 3-0 times as the equation 
requires. Condensation therefore occurs, but since the relative 
amounts of the gaseous products correspond to the equation, it is 
evidently the ether itself and not some intermediate product which 
condenses. Since propaldehyde, if formed, would be stable in this 
temperature region, and, moreover, tests for aldehydes gave negative 
results, the reaction does not appear to involve the intermediate 
stage CH,°O-C,H, = CH, + C,H,-CHO. 

The reaction in an empty silica bulb is mainly homogeneous. 
In a bulb packed with silica balls, having a surface/volume ratio 
16 times greater, there was some acceleration of the condensation 
reaction, which actually gives the appearance at low pressures of 
a deceleration of the normal decomposition, and distorts the curves 
of pressure increase plotted against time. At higher pressures, 
ts) was the same in both bulbs: the later stages of the reaction were 
somewhat faster in the packed bulb, but the total pressure increase 
was less. The disturbances were, however, in no way comparable 
with the 16-fold increase of surface/volume ratio. 

About 100 experiments were made at different temperatures and 
pressures. The curves obtained by plotting increase of pressure 
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against time are generally similar to those obtained with methy] 
ethyl ether, and need not be given in detail. The following table 
shows the variation of t;) with initial pressure. 


T = 425°. 


Press. (mm.) ......+..++5 336 281-5 228 195-5 181 142-5 

ts5 (secs.) 216 210 207 216 201 213 

Press. (mm.) .......000+ 137 118 111 77 465 29 
219 230 270 345 393 


The pressure at which the falling-off of the reaction rate takes 
place varies with temperature. This is best shown by quoting the 
pressure, p’, at which ¢,, attains double the limiting value for high 
pressures. 


437° 425° 
50 20 


Hydrogen had the usual effect of accelerating the low-pressure 
reactions to the normal high-pressure rates. The action of the 
reaction products was very marked and analogous to that of hydrogen 
as the following table shows; carbon monoxide has little, if any, 
influence : it would thus appear to be the ethane which exerts the 
marked effect. 


ts (secs.). 
64-5 mm. Ether alone 164 
67 mm. Ether +- 228 mm. reaction products......... 70 
62 mm. Ether + 220 mm, reaction products 


213 mm. Ether alone 
56 mm. Ether + 220 mm. carbon monoxide 


The heat of activation, obtained in the usual way from the 
following data, is 49,000 calories. 


Temp. (Abs.) 723° 713° 703° 698° 693° 683° 673° 
t,o (high-pressure values) ... 62 94 149 195 255 416 846 
By taking about 100 mm. as the point at which the velocity begins 
to fall off at 700° Abs., » is found to be 12. 


The Decomposition of Diisopropyl Ether. 


The ether was prepared according to the details given by Erlen- 
meyer, by boiling isopropyl! iodide with moist silver oxide. It was 
found advisable to use some 20% excess of silver oxide, and to 
reflux the crude ether with a further quantity of the oxide to remove 
any remaining traces of iodide. The ether was dried over sodium 
and carefully fractionated, the boiling point of the fraction used 
being 67-8—68-1°/760 mm. (Found: C, 70-3; H, 13-58. Cale. : 
C, 70-6; H, 13-7%). 

The study of the decomposition was complicated by the fact 
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that in different circumstances it occurs according to different 
mechanisms : 

(a) C,5H,°O-C;H, = CO + 3CH, + 4C,H, + C; 

(6) C3;H,°O°C,H, = 2CH,°CH:CH, + H,0; 

(c) Cs5H,°O-C,H, = CH,°CO-CH, + C,H. 
Reaction (a) represents the final result of the homogeneous uni- 
molecular decomposition, (5) is a surface reaction, and (c) is a reaction, 
probably homogeneous, which normally accompanies (a) to a slight 
extent and may become the predominating mode of decomposition 
under the catalytic influence of isopropyl iodide. Reaction (a) 
takes place with conveniently measurable velocity in a silica bulb 
from 500° to 570°. The following are typical analyses of the gaseous 


products : 
Unsatd. 


Co. CO,. CH,. hydrocarbons. 
At 550°, % ‘ 13 67-4 13-3 
At 566°, ° ' ne 65-0 14-9 


The saturated hydrocarbon is almost entirely methane, since in 
the first of the above analyses it gave 1-06 vols. of carbon dioxide, 
a contraction ratio of 1-94, and used up 2-00 vols. of oxygen. 

In the course of the reaction, the surface of the bulb became 
coated with a coherent shiny deposit of carbon. The unsaturated 
hydrocarbon was found, by comparing the combustion of the total 
hydrocarbon with that of the saturated fraction, to be mainly 
ethylene with a little propylene, presumably from reaction (6). 

The increase in pressure on decomposition varied from 220 to 
245%. 

The following figures show the course of a reaction at 551°, and the 
homogeneous nature of the change, the pressure increase being given 
as % of the initial pressure. Bulb 1 is the empty silica bulb, bulb 2 
that packed with silica balls. 


Bulb 1. Initial press., 230mm. Bulb 2. Initial press., 311 mm. 
Time In- Time In- Time In- Time In- 
(secs.). crease. (secs.). crease. (secs.). crease. (secs.). crease. 
38 20-0 610 111-2 32 16:1 373 93-4 
78 37-4 826 120-0 61 29-0 445 100-0 
147 59-2 1095 128-6 130 51-5 641 112-6 
230 76-5 1465 137-4 214 70-7 1242 128-6 
287 85-3 2505 159-0 293 83-7 14940 220-0 
360 94-0 3720 169-0 
460 102-7 14340 236-0 


It is clear from the table that the later stages of the reaction are 
long drawn out, suggesting the possibility of intermediate reactions. 


This will be discussed later. 
Unlike methyl ethyl and methyl propyl ethers, diisopropyl ether 
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gives values of t;9 and ¢,9) which are independent of pressure down 
at least to 30 mm., as may be seen from the following data. 
Initial Initial 
} mmee§ (ectd.). (eit. | sens) ini). ae 
327.7 225 230 «110 426 
At ( 284 63 230 At [ 109 110 465 
566°. | 255 63 216 551°. 1 78 114 420 
146 88 206 63 «Bits 
29 118 467 

The heat of activation is derived from the following data: from 
t59 @ value 63,000 cals. is found, and from ty. a value 66,500 : 

Temp. (Abs.) ......0...+. 839° 832° 324° 816° 805° 
87 127 168 225 
315 460 665 862 

An entirely independent series of experiments gave a value of 
64,000 cals. from ¢55. There are apparently consecutive reactions 
involved, and if the value of Z is extrapolated to t = 0, we find 
60,500 cals. for the heat of activation of the initial decomposition. 
The value of n cannot of course be calculated, since the point at 
which the reaction velocity begins to fall off is not known. It is, 
however, not less than 26, and thus appears to be considerably 
greater than that for the other ethers. 

The first experiments in which a packed bulb was substituted 
for the empty bulb showed a very considerable increase in velocity, 
thus suggesting that the reaction in’ the empty bulb was largely 
heterogeneous; but analysis showed that the reaction thus acceler- 
ated by the increased surface was quite a different one, being in 
fact reaction (6). In an experiment at 450°, where the reaction 
took place about 20 times as fast as in the empty bulb, 96-2%, of the 
gaseous product was an unsaturated hydrocarbon, the combustion 
of which gave 3-08 vols. of carbon dioxide for 1 vol. of gas and a 
contraction of 2-65 vols. The amount of carbon dioxide shows that 
the molecule contains 3 carbon atoms, and thus corresponds to 
propylene. At higher temperatures the propylene begins to decow- 


pose into methane as the following analyses show. 
Unsatd. 
CH,. co. CO;. hydrocarbons. 
Products at 515°, % 2-9 -- 69-7 
566° 41 0-4 48-7 


99 >? 


The unsaturated hydrocarbon was in every case proved to be 
propylene by first absorbing the unsaturated part of the gas with 
mercuric acetate and combusting the methane alone, and then 
combusting the whole gas mixture. By deducting the effect due to 
the methane, that due to the unsaturated part was found to corte- 


spond to propylene. 
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As successive experiments were made in the packed bulb, the 
reaction velocity was observed to fall steadily and finally become 
equal to that in the unpacked bulb—as shown in the table already 
given. The surface had evidently become poisoned, and, since it 
could be rendered active again by burning off the shiny carbon 
deposit which had been formed, it seems natural to suppose that 
this deposit was the cause of the poisoning. The reaction in the 
poisoned packed bulb gave the normal products of the homogeneous 
reaction. 

The question arises whether the formation and subsequent 
decomposition of propylene occurs in the homogeneous reaction. 
The following experiment is evidence against such an idea. An 
unpoisoned surface reaction was allowed to take place at 450°, and 
the products were then heated to 566° for three hours and analysed 
(Found: Cj,H,, 27-8; CH,, 68-8; CO, 3-4%). When the small 
amount of carbon monoxide is compared with the 18% yielded by 
the homogeneous reaction, it becomes evident that the products of 
the latter cannot be formed entirely by way of propylene. 

Reaction (c) makes its appearance in rather curious circumstances. 
A sample of diisopropyl ether with which some preliminary experi- 
ments were tried decomposed rapidly in the neighbourhood of 400°, 
by a reaction which had a low temperature coefficient and was 
affected by pressure approximately in the manner of a bimolecular 
reaction. The increase of pressure on decomposition was almost 
exactly 100%; the gaseous products consisted principally of pro- 
pane, and large quantities of acetone were found by the iodoform 
test. After the acetone vapour had been frozen out, the gas had 
the following composition : COQ,, 1-1; CO, 5-0; C,H, 81-6; unsatd. 
hydrocarbons, 12:3%. The saturated hydrocarbon gave the 
following ratios on explosion: Gas used : CO, formed : contraction : 
0, used = 1 ; 2-92: 3-02 :4-95. The values required for propane 
are 1:3:3:5. At higher temperatures the ratios were between 
those required for propane and those for ethane, indicating some 
decomposition of the propane. 

As experiments proceeded, it soon became evident that this 
reaction was of a quite abnormal character, since the rate increased 
steadily as the supply of liquid ether in the small bulb from which 
vapour was admitted to the reaction vessel grew smaller. This 
proved to be due to the presence of a catalyst somewhat less volatile 
than the ether, which increased in proportion as fractionation pro- 
ceeded. The fact that samples of the ether refluxed with excess of 
silver oxide failed to give this reaction, or, indeed, to show any 
behaviour depending on the extent of fractionation, suggested that 
the substance catalysing reaction (c) was isopropyl iodide. This 





1814 THE UNIMOLECULAR DECOMPOSITION OF SOME ETHERS, Etc. 


supposition was shown to be correct by adding to some ether which 
did not show the abnormal behaviour small quantities of water, 
which produced no effect, and of isopropyl iodide, which once more 
caused the rapid decomposition into acetone and propane. This 
catalytic reaction is further discussed in the succeeding paper. 

An attempt to settle the question whether reaction (@) involves 
the intermediate production of acetone and propane was made by 
withdrawing a sample of gas during the course of the reaction and 
estimating the acetone quantitatively by the usual iodoform method. 
When the initial pressure of 312 mm. at 515° had increased by 165 
mm., the amount of acetone present was found to be 50mm. Taking 
into account the rate of decomposition of acetone, which is rather 
slow at this temperature, the maximum amount which is likely to 
have been formed is 55 mm. The result seems to indicate that, at 
all events, about one-third of the decomposition proceeds by way of 
acetone. But as far as this evidence goes there may also be direct 
decomposition into the final products of reaction (c). When it is 
borne in mind, however, that part of the products of (a) could have 
been formed by subsequent decomposition of those formed in 
reaction (b), the initial act of decomposition of the molecule, which 
ultimately leads to the formation of the substances given by 
equation (c), cannot be regarded as definitely known. The con- 
clusions that have been drawn regarding the kinetics of the reaction 
are, however, not affected by this uncertainty. 


Summary. 


The decompositions of gaseous methyl ethyl ether and methyl 
propyl ether are homogeneous reactions, the rates of which are 
independent of pressure at higher pressures and fall off at lower 
pressures. 3 

With methyl ethyl ether, the pressure at which this falling off 
occurs is independent of temperature, whilst with methyl propyl! 
ether it is greater the higher the temperature. 

Not only hydrogen, but also the products of reaction, prevent this 
falling off, the effect of the products being much more marked with 
methyl propyl ether. 

Ditsopropyl ether has various modes of decomposition, of which 
one is a homogeneous reaction, independent of the pressure over the 
range investigated. 

Puysicat CHemicat LABORATORY, 


Batui0ont CoLLEGE AND TRINITY COLLEGE, OxFoRD. 
[Received, July 2nd, 1929.] 
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CCXXXVIII.—Homogeneous Catalysis of a Gaseous 
Reaction,. Kinetics of the Catalytic Decomposition 
of isoPropyl. Ether. 


By Joun VeRNon Stuart Guass and Crrm Norman 
HINSHELWOOD. 


THE decomposition of gaseous isopropyl ether according to the 
equation C,H,"O-C,H, = CH,CO-CH, + C,H, is very markedly 
catalysed by small amounts of isopropyl iodide, as explained in the 
preceding paper, and since this reaction offers a good example of 
homogeneous catalysis, the kinetics have been investigated in more 
detail. It appears that the real catalyst is iodine produced by the 
decomposition of the iodide, and that the rate of reaction is pro- 
portional to the concentration of the ether and to that of the 
catalyst. 

An interesting problem arises in connexion with the molecular 
statistics of the reaction. The uncatalysed decomposition of the 
ether is “‘ unimolecular,” and the heat of activation is contributed 
by a great many degrees of freedom. In ordinary bimolecular 
reactions the energy of activation is probably provided by the 
simple translational energy of the colliding molecules. The ques- 
tion arises whether the reaction depending upon collisions between 
the complex ether and the catalyst will belong to the first or the 
second of these types. The results show that only about two 
“square terms ’”’ are involved in the energy of activation. This, of 
course, corresponds closely.to a simple collision mechanism, and 
differs entirely from the uncatalysed decomposition. Thus we have 
@ change of mechanism, which throws light upon one mode of 
operation of a homogeneous catalyst. 


EXPERIMENTAL. 


The ether was prepared by Erlenmeyer’s method (see preceding 
paper) and was refluxed with moist silver oxide to ensure absence 
of traces of isopropyl iodide; it was dried over sodium and frac- 
ionated, b. p. 67-3—68-4°, 

The isopropyl iodide, prepared in the usual way, was dried and 
arefully fractionated, b. p. 88-9—89-1°. 

The apparatus used was the same as before, except that an 
additional bulb was sealed to it from which iodide vapour could be 
kimitted to the reaction bulb. 

The ether bulb and the iodide bulb were first evacuated whilst 
ao > in a freezing mixture. An experiment performed with the 

Q 
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ether alone showed that the reaction rate was concordant with the 
previously determined rate of the ‘‘ uncatalysed decomposition.’ 

Tn any experiment a small pressure of iodide vapour was admitted 
to the reaction vessel, followed by the ether vapour. The iodide 
alone appeared to decompose, for the pressure increased by 
approximately 50% when the vapour was left for a time. The 
nature of this decomposition will be dealt with later. Time was 
always allowed for the iodide to decompose before the ether was 
admitted. Thus the decomposed iodide is the catalyst, but the 
pressure is recorded as the pressure before decomposition. 

Experiments on the catalysed decomposition of the ditsopropy| 
ether were made between 300° and 400°. The pressure increase 
with respect to the ether was roughly 100% at 301°, 90% at 351°, 
and 80% at 401°, as shown in the following table. 


T = 301°. T = 351°. T = 401°. 
Initial Initial Initial 
press. of Pressure press. of Pressure press. of Pressure 
ether increase ether increase ether increase 
(mm.). (mm.). (mm.). (mm.). (mm.). (mm.). 
118 120 127 - 116 250-5 211 
112 112-5 217 193 125 90 


The analysis of the gaseous products (after freezing out acetone, 
detected by the iodoform test) gave, as before, propane as the main 
constituent. Much of the unsaturated hydrocarbon present resulted 
from the decomposition of the iodide. The gas in the first analysis 
recorded below contained roughly 15% of decomposed iodide, and 


in the second about 1%. 
T=301°. T= 401°. 


Unsaturated hydrocarbon ............... 248% 12-2% 
Carbon MONnOXIdE .........seeeceseeeeeveeees 3:8 4:3 
WRONG vs dévcckiccccebursecdetcsabacpavbestees 71-4 83-5 


With a constant pressure of iodide, the reaction rate, as measured] 
by t5o, the time for a 50% pressure increase, was nearly independen 
of the pressure of ether vapour, thus : 


Pressure of iodide (mm.). Pressure of ether (mm.). fp (secs.). 





T = 361°. 23 217 392 
22 91 350 
20 51 312 


The reaction rate, however, varied linearly with the pressure J 
iodide vapour added, e.g., 


Pressure of iodide (mm.). Pressure of ether (mm.). ty (se¢s-): 
T = 361°. 7 87 1670 
22 91 350 
44 127 178 
T = 301°, 26 112 2490 
25 104 2482 


47 128 1414 
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The reaction follows roughly a unimolecular course, but the 
velocity coefficient falls as time goes on. Details of a typical 
experiment are given below, a being the total pressure increase, x 
the increase after time ¢ (secs.), and ky) = 1/t . logy) a/(a — 2). 


7' = 351°; a = 94 mm.; iodide pressure = 18 mm. 


8 .cccccese 107. 177 222 276 340 415 505 610 727 3360 
nie 27 37 0 «6420 47 52s iTsiCiCs—ssBCiCTBCCtC‘«é 
100k, $137 1:23 1:16 109 103 0-98 096 092 090 — 

The reaction rate in a packed silica bulb, having a surface/volume 
ratio some 16 times greater, was not appreciably different (the 
experiments were performed at 301° where wall reaction might be 
more prominent) : 


Pressure of Pressure of 
iodide (mm.). ether(mm.). ts, (secs.). 
PURE WUD sinccctcnvessbecdccesetss 25 159 3668 
oe opi l debdibbdidhdddddeddackie 53 118 1440 
Unpacked bulb ...........sscsessees 47 128 1414 


The experiments in the packed bulb are if anything slightly 
slower. Surface reaction in the unpacked bulb is thus negligible. 

The temperature coefficient was determined for the range 360— 
419°, with pressures of ether of about 120 mm. and a constant 
pressure of 25 mm. of decomposed iodide. The results are given in 
the following table. + (corr.) gives the time of half change of the 
ether referred to a constant concentration of iodide equal to that 
which gives a pressure of 25 mm. at 350°; + (calc.) is found from the 
Arrhenius equation on the assumption that the heat of activation 
is 29,000 cals. 

7 (obs.), with 25 mm. 


T (Abs.). decomposed iodide. t (corr.). t (calc.). 
692° an” 29” 29” 
673 55-5 51-5 52-5 
663 77 72-5 73 
643 148 143-5 145 
633 228 224 212 


To find the nature of the real catalyst, the decomposition of 
isopropyl iodide had to be investigated, since previous work warrants 
only the conclusion that propane occurs in the products. isoPropyl 
iodide was admitted to the reaction vessel and allowed to decom- 
pose. At 351°, 168 mm. of iodide increased by 91 mm., or 54%, 
on decomposition; the time of half decomposition was 55 secs. 
At 301°, 134 mm. of iodide increased by 60 mm., or 45%, the time 
of half decomposition being 13 minutes. The products in each case 
were withdrawn and analysed : 

T = 361°, T = 201°. 
BORED cccqsoccceagesccccessescoosses 545% 520% 
POOPIE sii oidsis evi ectdicodatovevevevees 42-6 47-5 
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The unsaturated constituent was in each case shown to be propy!- 
ene by combustion of a whole sample of gas. In the second analysis, 
for example, the following results were obtained :— 


Satd. Whole gas Calc. for 
hydrocarbon. sample. C,H, + C;H,. 


CO, : gas burnt 3-02 3-02 3-00 
Contraction : gas burnt : 2-76 - 2°75 
Oxygen used : gas burnt 4-78 4-75 


Experiments in which small weighed quantities of tsopropy] iodide 
were heated at 304° in a glass bulb, which was afterwards opened 
under potassium iodide solution, showed that the iodine was liber. 
ated in the free state. By titration with N /100-sodium thiosul phate, 
it was found that after 3 minutes about 4%, and after 30 minutes 
about 70%, of the total iodine had been liberated. Thus the 
decomposition takes place in accordance with the equation 2C,H,I = 
C,H, + C,H, + I,. 

Now propane and, to some extent, propylene are formed from the 
ether decomposition alone. If, then, propane or propylene is the 
catalyst, the reaction products of the ether decomposition should 
themselves have a catalytic effect. An experiment at 387° with 25 
mm. of isopropyl iodide and 172 mm. of ether gave a value for t, 
of 125 sees. One-quarter of the products was left in the reaction 
vessel, and 121 mm. more ether added. ‘The value of t;) was now 
488 secs. (i.e., four times as great), proving that the catalyst (i) 
comes specifically from the tsopropyl iodide and (ii) is unaltered 
after the reaction. ‘The conclusion is that the iodine is the actual 
catalyst. 

We may now consider the molecular statistics of the reaction. 

At 400°, half the ether decomposes in 51-5 secs. when the con- 
centration of the decomposed iodide is such as to correspond to 


25 mm. at 350°. Thus k= — log. 2= 1-35 x 10°. The number 


(NV ,) of molecules of ether per c.c. at 400° and 760 mm. is 1-10 * 
10”; thus the number decomposing per sec. is 1-10 x 10” x 
1-35 x 10° = 1-49 x 10”. 

The number of collisions between molecules of ether and iodin® 
is given by 


Z = N,N, 9',{8RT(1/M, + 1/M,)}. 


In this equation, M, and M, are the respective molecular weights; 
2, the mean molecular diameter of ether and iodine, is taken 4s 
4-38 x 10% cm.; and N,, the number of molecules of iodine per ¢-. 
at 400°, is one-third of the number of molecules produced by 
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decomposition of the iodide with pressure of 25 mm. measured at 
350°, and therefore 


_ 6-06 x 10% x 8:33 x 273 
~ 22-4 x 108 x 760 x 623 


Hence Z = 38 x 10%. 

The heat of activation is 29,000 cals.; corrected for variation in 
the collision number with temperature, this becomes 28,500 to the 
nearest 500 cals. 

Using the following expression (Proc. Roy. Soc., 1926, A, 143, 
230) for the number of molecules reacting, viz., 


Z . e- (28,500 + Gn — panyas {78,000 + —DRT\#—! 


jeu — 1 


N, = 1:30 x 10”. 











we now calculate the smallest number, n, of energy terms among 
which the energy of activation must be distributed to give a rate of 
activation equal to the rate of reaction; the values of Z and of the - 
number of molecules reacting have already been found, and by trial 
n is then found to be nearer to 2 than any other integer. For 
this value the special form Z, e~-*850/%? must be used ; it equals 


|-9 x 10!?, which agrees with the number of molecules reacting. 


Summary. 

The decomposition of diisopropyl ether is catalysed by isopropyl 
iodide: the iodine resulting from the decomposition of the iodide 
is shown to be the effective catalyst. 

The reaction is completely homogeneous, and its rate is pro- 
portional to the concentration of the ether and to that of the 
catalyst. 

It is shown that the energy of activation is drawn from two 
“square terms.” This number is much less than that required in 
the uncatalysed decomposition of the ether, and corresponds to that 
usually found for a bimolecular reaction in which the energy of 
activation is probably supplied by the translational energy of the 
colliding molecules. 

Puysicat, CHEMICAL LABORATORY, 


Batiion CoLLEGE AND TRINITY COLLEGE, OxFORD. 
[ Received, July 2nd, 1929.] 
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CCX XXIX.—Synthesis of Glucosides. Part II. The 
Preparation of Some Galactosides. 


By ALEXANDER ROBERTSON. 


TETRA-ACETYLGALACTOSIDYL bromide was obtained by Fischer and 
Armstrong (Ber., 1902, 35, 833; compare Helferich, Ber., 1926, 59, 
2655) by the action of liquid hydrogen bromide on penta-acety| 
galactose. Since this method is not convenient, attempts were 
made to prepare the bromide by a procedure similar to that described 
by Fischer (Ber., 1916, 49, 584) for the preparation of tetra-acetyl- 
glucosidyl bromide, but the products could not be induced to 
crystallise. When the method was modified, however, by allowing 
penta-acetyl galactose to interact with a mixture of acetyl bromide 
and hydrogen bromide in glacial acetic acid solution, tetra-acetyl- 
galactosidyl bromide, identical with that prepared by Fischer and 
Armstrong (loc. cit.), was obtained in good yield. 

O-T etra-acetyl-8-p-hydroryphenylgalactoside * was prepared by the 
interaction of quinol and tetra-acetylgalactosidyl bromide in acetone 
solution in the presence of aqueous potassium hydroxide, On 
deacetylation, 8-p-hydroxyphenylgalactoside, analogous to the natural 


glucoside arbutin, was obtained. In a similar way, §-p-anisyl- 
galactoside, the analogue of methyl arbutin, was prepared. 

T etra-acetyl-8-1-menthylgalactoside, obtained by the interaction of 
tetra-acetylgalactosidyl bromide and /-menthol in benzene solution 
with the help of silver oxide, on deacetylation yielded £-1-menthy. 
galactoside ; and 8-d-bornylgalactoside was similarly prepared. 


EXPERIMENTAL. 


O-Tetra-acetylgalactosidyl Bromide.— Powdered _penta-acety! 
galactose, m. p. 142° (40 g.), was added to a mixture of acetic 
anhydride (40 c.c.) and glacial acetic acid saturated at 0° with 
hydrogen bromide (100 g.), and the solid dissolved during the course 
of 30 mins. The reaction mixture, after remaining at room temper- 
ature for 2 hours, was poured on ice (300 g.) in water (300 c.c.). 
The semi-solid bromide thus precipitated was immediately dissolved 
in chloroform (300 c.c.), and the solution washed three times with 
ice water (200 c.c.) and dried over calcium chloride. After removal 
of the solvent in a vacuum, the bromide remained as a straw- 
coloured syrup, which, on trituration with ligroin, gradually solidi- 
fied. It was recrystallised from dry ether-ligroin (1 in 5), from 

* In conformity with the nomenclature established in J., 1926, 1714, these 


compounds would be, e.g., 4-hydroxy-1-O-tetra-acetyl-8-galactosidoxy benzene, 
but it seems undesirable to use this for the simpler galactosides here described. 
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which it separated in colourless elongated prisms, m. p. 82—83° 
(yield, 35 g.). Owing to the decomposition of the bromide in moist 
air it was kept in a vacuum desiccator over soda-lime. 

0-T etra-acetyl-8-p-hydroxyphenylgalactoside.—A solution of potass- 
ium hydroxide (2-4 g.) in water (15 ¢.c.) was gradually added 
to one of quinol (6 g.) and tetra-acetylgalactosidyl bromide (16 g.) 
in acetone (90 c.c.) maintained below 10° in an atmosphere of 
nitrogen. The dark brown solution, after remaining at room 
temperature for 6 hours, was acidified with dilute acetic acid, and 
the acetone removed under diminished pressure. The tetra-acetyl- 
galactoside, which remained as a syrup, solidified on trituration with 
cold water, and after recrystallisation from ethyl alcohol was obtained 
in colourless, elongated prisms, m. p. 202—203°- (yield, 3-2 g.) 
(Found: C, 54:3; H, 5:7. OC, H,,0,, requires C, 54-5; H, 5-5%). 
It is sparingly soluble in cold methyl or ethyl alcohol, and very 
soluble in hot alcohol. 

8-p-Hydroxyphenylgalactoside—The acetylgalactoside (3 g.) was 
deacetylated by treatment with methyl-alcoholic ammonia at 0° 
during 24 hours; the methyi alcohol and ammonia were then 
removed under diminished pressure. The colourless residual solid 
was washed with alcohol to remove acetamide, and, on recrystallis- 
ation from 75° methyl alcohol, was obtained in prismatic needles, 
mn, p. 246—247°, which contained 1-5H,O. This hydrate is practically 
insoluble in warm absolute ethyl or methyl] alcohol, but is very soluble 
in warm water, from which it separates on cooling in glistening, 
elongated, blunt prisms of the dihydrate, m. p. 246—247°, [a]f 
— 53-2° (in water) (Found, in specimen crystallised from water and 
air-dried: C, 46-6; H, 64. C,.H,,0,,2H,O requires C, 46-7; 
H, 65%. Found, in specimen from 75% methyl alcohol: C, 48-0; 
H,6°5. C,,H,,0,,1-5H,O requires C, 48-1; H, 6-4%). The anhydrous 
galactoside could not be obtained in a state of purity. It reduces 
ammoniacal silver oxide solution. 

0-Tetra-acetyl-8-p-anisylgalactoside—A solution of potassium 
hydroxide (2-4 g.) in water (20 c.c.) cooled to 0° was gradually 
added to one of quinol monomethyl] ether (10 g.) and tetra-acetyl- 
palactosidyl bromide (16-4 g.) in acetone (90 c.c.) cooled below 5° in 
ice water. The homogeneous solution was allowed to remain at 
room temperature for 5 hours, and then rendered acid by addition of 
dilute acetic acid. On the addition of water (200 c.c.) the tetra- 
ucetylgalactoside was precipitated as a thick syrup which gradually 
lidified, and on recrystallisation from 90% methyl alcohol was 
bbtained in glistening elongated prisms, m. p. 104° (yield 9 g.) 

Found: C, 55-4; H, 5-9. C,,H,,0,, requires C, 55-5; H, 5-7%). 

8-p-Anisylgalactoside——The acetylgalactoside was deacetylated 
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by means of methyl-alcoholic ammonia at 0° for 18 hours. After 
removal of the ammonia and alcohol in a vacuum and washing with 
ethyl alcohol to remove acetamide, the solid residue on recrystallisa. 
tion gave the galactoside in the anhydrous state as prismatic 
needles, m. p. 161° (Found : C, 54-4; H, 6-6. C,,;H,,0, requires 
C, 54:5; H, 63%). It is readily soluble in warm water, from 
which it separates on cooling in elongated prisms containing 1H,0, 
[a] —40° (in water) (Found: ©, 51-2; H, 6-9. ©,3H,,0-,H,0 
requires C, 51:3; H, 6-6%). On heating, this hydrate becomes 
semi-solid at 88°, gradually solidifies again above 100°, and finally 
melts at 161°. 

O-T etra-acetyl-8-1-menthylgalactoside.—Dry activated silver oxide 
(Helferich, Annalen, 1926, 450, 225) (10 g.) was added to a solution 
of tetra-acetylgalactosidyl bromide (12 g.) and /-menthol (20 g.) in 
dry benzene. The mixture was heated to 35° for 30 mins, (with shak. 
ing) and then under reflux for 15 mins. After separation of the silver 
salts, the benzene and excess of menthol were removed in a current 
of steam, and the residual syrup crystallised on cooling. Crystallis- 
ation from 50% alcohol gave the tetra-acetyl-8-l-menthylgalactoside in 
colourless glistening prisms, m. p. 100—101°, [«]%" —48-6° (in chloro- 
form), yield 9-4 g. (Found: C, 59-3; H, 8-0. C,H 4g049 requires 
C, 59:3; H, 7-8%). 

1-Menthylgalactoside—The acetylgalactoside was deacetylated 
with methyl-alcoholic ammonia during 24 hours at 0°. After 
removal of the ammonia and methyl alcohol in a vacuum, the syrupy 
residue on solution in warm water deposited §-l-menthylgalactoside 
in reetangular plates containing 2H,O, m. p. 40—41°, [a] —74-2° 
in alcohol (Found, in air-dried material: C, 53:7; H, 9-6. 
C,gH390,,.2H,O requires C, 54-2; H, 9-7%. Found, in specimen 
dried in high vacuum over phosphoric oxide: C, 58-5; H, 9-5. 
C,gHs904,4H,O requires C, 58-7; H, 9-5%). The galactoside could 
not be obtained in the anhydrous state as it decomposes on heating 
in a vacuum. It is readily soluble in ethyl and methyl alcohols. 

O-T etra-acetyl-d-bornylgalactoside.— Active silver oxide (5 g.) was | 
added to a vigorously agitated solution of tetra-acetylgalactosidy! 
bromide (6 g.) and d-borneo! (10 g.) in dry benzene (25 c.c.) at 35°. 
The reaction proceeded quickly during 30 mins. with a slight rise in 
temperature, and was completed by a further 15 minutes’ heating 
under reflux. Benzene and excess of borneol were removed by 4 
current of steam from the filtered solution, and the residual oil 
quickly crystallised. etra-acetyl-d-bornylgalactoside was recrys- 
tallised from 70% alcohol, from which it separated in colourless 
needles, m. p. 140°, [«]#” +. 1-3° (in chloroform). 

8-d-Bornylgalactoside—Deacetylation of the tetra-acetylgalacto- 
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side was effected by means of saturated methyl-alcoholic armmonia 
at 0° during 24 hours, the ammonia and methyl alcohol being then 
removed under diminished pressure. The residue on solution in 
boiling benzene deposited §-d-bornylgalactoside as hair-fine needles, 
which on exposure to moist air liberated benzene of crystallisation 
and liquefied. On crystallisation from warm water, the mono- 
hydrate separated in hexagonal plates, m. p. 123°, [a]f’ —6-5° (in 
alcohol); m. p. of anhydrous galactoside, 137—138° (Found, in an 
air-dried specimen: ©, 57-3; H, 9-1. C,gH,.0,,H,O requires 
C, 57-5; H, 9-0%. Found, in specimen dried at 100—105° in a 
vacuum : C, 60-5; H, 9-0. C,,H,,0, requires C, 60-8; H, 89%). 
This galactoside is easily soluble in alcohol and warm water. On 
prolonged boiling of an aqueous solution hydrolysis occurs. 


The author wishes to express his gratitude to the Chemical Society 
for a grant which has in part defrayed the cost of this work. 


THE UNIVERSITY, MANCHESTER, AND East LONDON COLLEGE, 
University or Lonpon. [Received, July 5th, 1929.] 





CCXL.—The Slow Oxidation of Phosphorus. Part I. 
The Inhibition of the Glow of Phosphorus by 


Phosphorous Oxide. 


By Curistrina CRUICKSHANK MILLER. 


In a recent publication (Miller, J., 1928, 1847), I showed that the 
glowing associated with the slow oxidation of phosphorous oxide 
prepared by Thorpe and Tutton’s method (J., 1890, 57, 545) is due 
to the presence of dissolved phosphorus. Phosphorous oxide 
freed from phosphorus by recrystallisation from carbon disulphide 
and exposure to light neither glows nor oxidises in oxygen and air 
at the ordinary temperature, and apparently exerts an inhibitory 
effect on the glow of phosphorus itself. 

It is now shown that the trioxide may be freed from phosphorus 
without the use of solvents, which are themselves inhibitors of 
the glow. Additional] evidence of the inhibitory effect of phosphorus 
trioxide on the glow of phosphorus is also given. 

The Preparation of Pure Phosphorus Triozide.—An attempt was 
previously made (Miller, Joc. cit.) to remove phosphorus from 
phosphorus trioxide simply by exposing the oxide to light and then 
volatilising it from the red; amorphous phosphorus produced. As 
it was obvious that the failure at that time to obtain pure phosphorus 
trioxide by the light-exposure treatment alone was due to an in- 

3Q2 
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sufficient number of exposures, the procedure was repeated with 
a few grams of oxide. The apparatus consisted of six glass bulbs, 
3—4 cm. in diameter, joined together by short lengths of capillary 
tubing. At one end was a glass tap, and the other end was open 
so that phosphorus trioxide could be drawn into the first bulb. 
After introduction of phosphorus trioxide the end was sealed and 
the apparatus evacuated. The oxide in the first bulb was exposed 
to light, being frequently melted and resolidified until the surface 
of the bulb was so covered with red phosphorus that penetration 
of light was impossible. It was then transferred by distillation 
at 70° to the second bulb and the first bulb was sealed off. When 
all six bulbs had become impenetrable by light, six more were sealed 
on beyond the tap. Altogether, exposure to light in 12 bulbs 
was necessary to effect complete removal of phosphorus. Finally, 
the oxide was distilled through phosphoric oxide into a receiving 
bulb, where it was subsequently preserved in an atmosphere of 
carbon dioxide (see Miller, loc. cit., p. 1856). As anticipated, the 
oxide had exactly the same appearance as that prepared by low- 
temperature recrystallisation from organic solvents and subsequent 
exposure to light, and it gave no glow when rubbed on the fingers. 
This definitely proved that the absence of glowing in the oxide 
formerly prepared was not due to inhibition of the glow by traces 
of solvents. 


The Inhibition of the Glow of Phosphorus. 


The following experiments, which, with the exception of Expt. 2, 
were performed at the ordinary temperature, show that phosphorus 
trioxide inhibits the glow of phosphorus, and that the inhibitory 
effect can be eliminated by moisture or ozone, both of which destroy 
the trioxide. 

Experiment 1.—Over a drop of phosphorus trioxide solidified 
on a watch-glass was put 0-5 c.c. of a 1% solution of phosphorus 
in paraffin oil, and on another watch-glass some of the paraffin 
solution alone. Both solutions glowed brightly. The watch glass 
with the trioxide was then placed on the hand in order to melt the 
oxide. A dark patch developed in the glowing disc and when the 
solution was shaken to effect mixing, darkness gradually spread 
over the whole disc till the glow was completely quenched. 

Experiment 2.—To each of two 8-c.c. bulbs were added a little 
phosphoric oxide and 30 mg. of phosphorus which had been dried 
with filter paper. One bulb contained in addition a drop of 
phosphorus trioxide. Both were charged with oxygen to atmo- 
spheric pressure, sealed; and heated slowly in a beaker of water. 
In the bulb that contained no phosphorus trioxide the phosphorus 
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glowed at 21° and ignited at 23°, but in the other, glowing did not 
appear round the phosphorus until the temperature reached 51°, 
and ignition took place only at 58°. 

Experiment 3.—Into the boat of an apparatus similar to that 
previously described (Miller, loc. cit., p. 1849) were put 5 c.c. of a 
solution of phosphorus in paraffin oil, and below it 8 c.c. of a 97% 
aqueous solution of phosphoric acid (aqueous tension, <0-2 mm.). 
When oxygen was present at 50 mm. pressure the surface of the 
paraffin solution glowed brightly. 0-3 G. of phosphorus trioxide 
was then run into the boat and the apparatus was rocked up and 
down. Glowing entirely disappeared from the surface of the 
paraffin, but there was vivid glowing at the end of the tube beyond 
the boat (where phosphorus trioxide would be attacked by moisture), 
and a great deal of flashing according with the movement of the 
phosphoric acid. Brisk oxidation occurred. After 4 hour the glow 








was tending to move back to the paraffin solution, owing to exhaus- 
tion of the phosphorus trioxide. Admixture of more trioxide 
caused its departure. 

Experiment 4.—An apparatus (Fig. 1) was arranged whereby 
dry air, either alone, or charged with phosphorus trioxide vapour, 
could be passed over a piece of porous tile impregnated with 
phosphorus. When air alone at the rate of 15 c.c./min. was passed 
over the tile it glowed distinctly and no other glow was visible. 
If, however, the air was then directed through the tube containing 
phosphorus trioxide, the glow on the phosphorus was extinguished 
in 5 secs., and after 90 secs. a luminous cloud appeared in the 
atmosphere beyond the end of the tube. The appearance of this 
cloud was attributed to the partial destruction of the inhibiting 
oxide by atmospheric moisture. On reversion to the phosphorus 
trioxide-free air current, the glow on the tile was restored in 30 
secs. and a pulse of light travelled slowly along to the right until it 
was extinguished at a distance of 10 cm. from the phosphorus. 
The luminous cloud outside the tube disappeared in 100 secs. 
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Experiment 5.—The side tube shown in Fig. 1 was connected 
with a Siemens ozoniser so that ozonised oxygen could be passed 
into the long tube. Air containing phosphorus trioxide vapour 
was passed at the rate of 15 c.c./min. over the phosphorus, and a 
glow appeared at the far end of the tube. When the passage of 
dry ozonised oxygen (0:5—1% of ozone) was started at the same 
rate, a glow was immediately visible at the entry into the wider 
tube, and the glow at the end of the tube disappeared in 30 secs. 
Excess of ozone was escaping, which showed that all the phosphorus 
trioxide had been destroyed. When the stream of ozonised oxygen 
was suspended, the glow in the middle of the long tube moved slowly 
towards the right, becoming fainter, until, finally, the usual lumin- 
escence was established at the end of the tube. Similar effects were 
obtained when the rates of both gas streams were 3 ¢.c./min. If 
the rate of the air stream was then increased to 36 c.c./min. no glow 
was seen where ozone was entering the wide tube, and excess of 
phosphorus trioxide was escaping. 

Experiment 6.—When phosphorus reacts with air in presence of 
moisture, ozone is formed. It was important to find if a stream 
of air passed over moist phosphorus would, in virtue of the ozone 
present, restore the glow to air charged with vapours of phosphorus 
trioxide and phosphorus. The arrangement was the same as in 
Expt. 5, except that the ozoniser was replaced by a tube containing 
phosphorus moistened with water. Between the tube and the 
usual apparatus was a drying bulb with phosphoric oxide to free the 
gas from moisture, which would itself have been capable of restoring 
the glow. 

The same results were obtained as in Expt. 5, except that the 
effects were not quite so pronounced owing to the smaller amount 
of ozone available. When the moist phosphorus was replaced by 
dry phosphorus, no restoration of the glow occurred, which corro- 
borates Russell’s statement (J., 1903, 83, 1263) that no ozone is 
liberated when dry phosphorus is oxidised. 

From these experiments, it is evident that the glow of phosphorus 
is inhibited by phosphorus trioxide, and that the inhibitory effect 
can be removed by means of moisture or ozone, both of which 
destroy phosphorus trioxide. It is also obvious that the oxidation 
in presence of moisture of phosphorus trioxide containing dissolved 
phosphorus will be due as a rule to oxidation of both phosphorus 
and phosphorus trioxide, ozone produced in the oxidation of phos- 
phorus, which has been at least partially freed by moisture from 
phosphorus trioxide, reacting with more of the oxide. 

The Relative Inhibitory Effects of Phosphorus Trioxide and 
Ethylene.—The inhibitory effect of phosphorus trioxide was com- 
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pared with that of the typical inhibitor, ethylene, by calculating 
for each inhibitor the ratio of its vapour pressure to that of phos- 
phorus at the point where glowing was initiated. For ethylene 
the ratio was derived from Emeléus’s graph (J., 1926, 1336) repre- 
senting the effect of the concentration of the inhibitor on the 
temperature at which a glow occurred in ethylene-air mixtures at 
constant volume. An interesting fact came to light, namely, that 
the partial pressure of ethylene over the temperature range 60—97° 
was almost directly proportional to the vapour pressure of 
phosphorus. ‘The ratio of the two pressures had the average value 
145. This direct proportionality is very clearly shown in Fig. 2. 
Curve I is the usual straight line representing the relation between 
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the logarithm of the vapour pressure (P) of phosphorus and the 
reciprocal of the absolute temperature (7'). (The vapour pressure 
was multiplied by 100 for ease of comparison.) Curve II, which 
shows the corresponding relation for the partial pressure of ethylene 
at the glow point, is also a straight line very nearly parallel to the 
first. 

The oxygen in the mixture apparently exerted very little effect, 
showing that if it was itself an inhibitor its action was weak com- 
pared with that of ethylene. No doubt its effect would have 
become more pronounced at lower temperatures, at which the ratio 
of the oxygen pressure to the vapour pressure of phosphorus would 
have been considerably increased. 

The ratio of the vapour pressures of phosphorus trioxide and 
phosphorus at the glow point, 51° (see p. 1825), was calculated on the 
assumption that both these substances exerted their normal vapour 
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pressures, viz., 10-3 mm. (Schenck, Mihr, and Banthien, Ber., 
1906, 39, 1506) and 0-284 mm. (MacRae and van Voorhis, J. Amer. 
Chem. Soc., 1921, 43, 547) respectively. The value of the ratio, 
viz., 36, was probably not a satisfactory measure of the inhibitory 
power of the oxide owing to the preponderance of oxygen (760 mm.). 
As it was known, however, that phosphorus-saturated phosphorus 
trioxide did not glow in oxygen at low pressure at 25°, where the 
ratio of the vapour pressures of phosphorus trioxide and phosphorus 
was 56, it was assumed that the inhibitory power of phosphorus 
trioxide could be represented by a number between 40 and 50. 
Since the inhibitory power of ethylene was represented by the 
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number 145, it followed that, molecule for molecule, phosphorus 
trioxide is about three times as powerful an inhibitor as ethylene. 
The Vapour Pressure of Phosphorus Trioxide (A Criticism).— 
The vapour pressure of phosphorus trioxide has been determined 
by Schenck, Mihr, and Banthien (loc. cit.) over the temperature 
range 22—91°. I find that if the logarithm of the vapour pressure 
be plotted against the reciprocal of the absolute temperature, Fig. 3 
is obtained. The first nine points lie on a straight line ab and the 
last five on another straight line bc, which intersects the first where 
1/T = 0-00298 (i.e., T = 336°), and if extended in the other 
direction meets the line corresponding to log p = 2-881 (p = 760 
mm.) where 1/7’ = 0-00267. The boiling point of the liquid is 
therefore given by 1/0-00267 or 374° Abs.; Thorpe and Tutton 





MILLER; SLOW OXIDATION OF PHOSPHORUS. PART TI. 1829 


(loc. cit.) found it to be 446° Abs. The boiling point derived from 
the graph by extending line ab is 458° (1/7 = 0-002184). It follows 
that Schenck, Mihr, and Banthien’s estimations of vapour tension 
above 63° are defective, probably owing to interaction of phosphorus 
trioxide and moisture at that temperature with production of 
phosphine (compare Miller, loc. cit., p. 1861). 


Summary. 


Phosphorus trioxide prepared by Thorpe and Tutton’s method 
may be completely freed from phosphorus by repeated exposure to 
light, and subsequent volatilisation from the red amorphous phos- 
phorus produced. Phosphorus trioxide inhibits the glow of 
phosphorus, being, molecule for molecule, about three times as 
powerful an inhibitor as the typical inhibitor, ethylene. The 
inhibitory effect of phosphorus trioxide is removable by moisture 
and ozone, both of which react with the trioxide. When phosphorus 
dissolved in phosphorus trioxide oxidises in presence of moisture, 
ozone liberated in the oxidation of the phosphorus reacts with 
surplus phosphorus trioxide, so that both phosphorus and phosphorus 
trioxide are oxidised. 

Schenck, Mihr, and Banthien’s determinations of the vapour 
tension of phosphorus trioxide are too high at temperatures above 
63°, probably owing to the interaction of phosphorus trioxide and 
moisture at these temperatures, with production of phosphine. 


I have to thank Sir James Walker, F.R.S., for many helpful 
suggestions and for the interest he has always taken in my work. 


UNIVERSITY OF EDINBURGH. [Received, June 12th, 1929.] 





OCXLI.—The Slow Oxidation of Phosphorus. Part II. 
The Oxidation Products of Phosphorus and Phos- 
phorous Oxide. 

By Curistina CRUICKSHANK MILLER. 


Ix 1796, Pelletier obtained by the slow combustion of phosphorus 
in air in presence of water an acid liquid which became known as 
Pelletier’s phosphatic acid. According to Thenard its composition 
was such that the atomic ratio of combined oxygen to phosphorus 
was 2-2. Dulong found that the ratio was constant at 2-1, and 
that the acid liquid was comparatively stable in air (Gmelin, 
“Handbook of Chemistry,’’ 1849, 2, 121). Later, Salzer (Annalen, 
1878, 194, 28) showed that the liquid contained hypophosphoric, 
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phosphorous, and phosphoric acids, 6—7% of the phosphorus being 
converted into hypophosphoric acid. It is evident, then, that in 
moist air at the ordinary temperature phosphorus is not converted 
entirely into hydrates of phosphoric oxide for which the ratio 
combined 0: P = 2-5. 

Turning to the slow oxidation of phosphorus in dry oxygen at 
moderate pressures, we find that little has been done to determine 
the nature of the oxides formed. It is generally assumed that 
the ultimate product of oxidation is the pentoxide, although no 
analytical data are given in the literature as a basis for this 
assumption. 

Russell (J., 1903, 83, 1263), in a study of the oxidation of phos. 
phorus in moderately dry oxygen at 14°, found that above 500 mn, 
pressure, oxidation was slow and accompanied by a very feeble 
glow. He thought it probable that lower oxides, P,O, and P,0,, 
were formed, for when the oxidation product was heated in a 
vacuum, phosphorus tetroxide and amorphous phosphorus were 
obtained. When the pressure of oxygen was reduced to less than 
500 mm., oxidation was brisker and accompanied by a very bright 
glow. Russell’s opinion was that the oxide formed in the first 
stage was oxidised further to the pentoxide, but no proof of this is 
mentioned. 

Jungfleisch (Compt. rend., 1907, 145, 325) found that the imme- 
diate products of the direct and spontaneous oxidation of phosphorus 
in oxygen at low pressure were different from those formed at 
higher pressure. At 18—20 mm. pressure, phosphorus trioxide 
and a bright yellow compound, supposed to be P,O, were produced. 
If the oxidation was carried out in presence of water, the aqueous 
solution contained the products of the action of water on the oxides 
formed in the dry gas : 58% of the total phosphorus was converted 
into phosphorous acid. _Jungfleisch stated, however, that. in pure 
oxygen at atmospheric pressure in the cold, phosphoric oxide was 
the sole product. No analytical results were given. 

By the oxidation of phosphorus in oxygen at very low pressure 
(0-I—0-5 mm.), Kohlschiitter and Frumkin (Ber., 1914, 47, 1088) 
obtained a red product in which the atomic ratio of oxygen to 
phosphorus varied from 0-1 to 0-7. On thermal decomposition it 
gave some crystals of phosphorus tetroxide. 

The foregoing papers would lead us to suppose that phosphorus 
oxidises spontaneously to phosphoric oxide at moderate pressures 
of oxygen (say, 100—800 mm.), but to lower oxides at high or at 
very low pressures. Yet with phosphorus in presence of water and 
air (partial pressure of oxygen 160 mm.), the aqueous solution 
obtained contains a considerable amount of acids not derived 
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from the pentoxide. Now, if Jungfleisch is correct in stating that 
phosphorus, water, and oxygen at low pressure give the same solu- 
tion of acids as is obtained by hydrating the products of the corre- 
sponding dry oxidation, it is difficult to see why this relationship 
should cease at higher oxygen pressure. It seems reasonable to 
suppose that Pelletier’s phosphatic acid corresponds in the oxidation 
of phosphorus in dry oxygen to the formation of oxides containing 
at least one constituent lower than phosphorus pentoxide. 

Now, I have already shown (Proc. Roy. Soc. Edin., 1926, 46, 239) 
that phosphorus tetroxide is formed under certain conditions in 
the slow oxidation of phosphorus trioxide containing dissolved 
phosphorus, and, further (preceding paper), that both phosphorus 
and its trioxide take part in the reaction, oxidation of the latter 
being effected by ozone liberated during the oxidation of the former. 
[Phosphorus-free trioxide does not oxidise at all in air or oxygen at 
the ordinary temperature (Miller, J., 1928, 1847).] It follows that 
phosphorus tetroxide is a product of oxidation of either phosphorus 
or phosphorus trioxide, or of both. If Thenard’s and Dulong’s 
figures be correct, phosphorus tetroxide cannot, however, under the 
conditions of their experiments, be the sole final product of the 
slow oxidation of phosphorus, for their atomic ratio O:P is too 
large. 

On account of the uncertainty of the composition of the final 
product of the slow oxidation of phosphorus, I have made quali- 
tative and quantitative analyses of the oxides. In addition, I have 
further examined the oxidation product of phosphorus dissolved in 
phosphorus trioxide, and have studied the oxidation of pure phos- 
phorus trioxide in ozonised oxygen. 


EXPERIMENTAL, 


The Oxidation of Phosphorus in Air in Presence of Water.— 
Pelletier’s phosphatic acid was prepared in order to redetermine 
the atomic ratio of combined oxygen to phosphorus. Toa weighing 
bottle, in which was placed a slice of phosphorus }” thick, water 
was added to a depth of less than }’’. The stopper of the bottle 
was very loosely inserted, and the whole was set aside at room 
temperature for at least a day. The phosphorus glowed brightly 
and ozone was distinctly smelt. The piece of phosphorus was then 
removed, and the acid solution filtered and analysed. As it con- 
tained hypophosphoric, phosphorous and phosphoric acids, the 
reducing power was found by oxidation with sodium hypobromite, 
and then the total phosphorus was determined as magnesium 
pyrophosphate. Hydrogen peroxide was most probably present 
in the solution, being formed during the oxidation of moist phos- 
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phorus, but the amount was negligible (see Leeds, Chem. News, 
1879, 40, 70; 1881, 43, 97). The method of oxidation previously 
used (Miller, Proc. Roy. Soc. Edin., 1926, 46, 239) was modified as 
follows so as to yield more accurate results. To a solution con- 
taining less than 0-05 g. of phosphorous acid were added 2 c.c. each 
of N-potassium bromate, 4N-potassium bromide, and 2N-hydro- 
chloric acid solutions. The more concentrated bromide solution 
effectively retained the liberated bromine, to the loss of which the 
principal experimental error was previously attributed. After 
5 minutes, 10 c.c. of 0-8N-sodium hydroxide solution were added, 
dilution of the solution being necessary at this stage to ensure 
complete oxidation. After a further 10 minutes, excess of potassium 
iodide was added, followed by 6 c.c. of 2N-hydrochloric acid, and 
the liberated iodine was titrated with a dilute standard solution of 
sodium thiosulphate. The following results were obtained with 
phosphorous acid and phosphorus-free phosphorus trioxide: 
Weight of acid taken, 0-0041, 0-0107, 0-0246 g.; weight found by 
analysis, 0-0041, 0-0106, 0-0245 g. Weight of trioxide taken, 
0-0611 g.; weight found by analysis, 0-0611 g. The error in the 
earlier method was + 0-3 mg. on the weight of phosphorous 
acid, 

Pelletier’s phosphatic acid was found not to be completely 
oxidised by sodium hypobromite, presumably owing to the presence 
of hypophosphoric acid. The acid solution was therefore first hydro- 
lysed by evaporation on the steam-bath with a few c.c. of dilute 
hydrochloric acid, a procedure shown by Salzer (Annalen, 1877, 
187, 322) to convert hypophosphoric acid into a mixture of phos- 
phorous and phosphoric acids ; oxidation was then effected normally. 
In two experiments of 2 and 5 days’ duration, respectively, the 
ratio of combined oxygen to phosphorus was 2-195 and 2-18, in 
agreement with Thenard’s result. 

The Oxidation Products of Phosphorus in Dry Oxygen.—As a 
preliminary test, a piece of phosphorus was allowed to oxidise at 
15° in oxygen at 400 mm. pressure, so that a small quantity of 
oxides could be collected in a suitable condition for sublimation in 
a vacuum. The oxidation product was sublimed at 300°, leaving 
a slight red residue; in the sublimate the characteristic birefringent 
crystals of phosphorus tetroxide were visible, but no pentoxide. 
Experiments on the oxidation of phosphorus were then undertaken 
in order to determine the quantitative composition of the oxidation 
product. The method of procedure was to collect in a weighable 
form the oxides falling from a glowing phosphorus surface, and 
then to find the atomic ratio of combined oxygen to phosphorus 
by analysing the aqueous solution obtained from the oxides. Since 
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phosphorus tetroxide would give a mixture of phosphorous and 
phosphoric acids, the solution was first of all oxidised with sodium 
hypobromite (the original method referred to on p. 1832 was actually 
used) and the total phosphorus was determined as magnesium 
pyrophosphate. Hydrolysis with hydrochloric acid was found to 
be necessary before oxidation with hypobromite, the increase in 
reducing power, after hydrolysis, being about 12%. 
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| WEIGHED 
yY TUBE 


TO PUMP t 











02 RESERVOIR 














Oxidation of phosphorus in pure dry oxygen at practically 
constant pressure was carried out at about 11°, the apparatus shown 
in Fig. 1 being used. Oxygen, generated by heating potassium 
permanganate, was stored over phosphoric oxide in the large (1500 
c.c.) bottle, which was connected to a manometer. The actual 
oxidation of phosphorus was performed in the tube A in which was 
a small weighed tube for the collection of oxides. To the apparatus 
were sealed a bulb containing phosphoric oxide and a small distilling 
flask containing phosphorus, which had been dried in a vacuum over 
phosphoric oxide. The apparatus was set up as shown, and, after 
evacuation of tube A, left to dry. Phosphorus was then distilled 
into the lower section of A and the distilling flask was removed by 
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sealing off at X. The lower part of A was cooled in a freezing 
mixture, and oxygen from the reservoir was added quickly (to 
prevent ignition) to any desired pressure above 500 mm. When 
oxidation was to be effected below 500 mm. pressure, oxygen was 
slowly withdrawn until, after a few minutes, the required pressure 
was reached. This procedure was necessary to prévent ignition. 
Frequently, when oxygen was quickly added up to 900—1200 mn. 
pressure, oxidation did not take place; it could, however, be 
initiated by decreasing the pressure until glowing occurred, and 
then slowly raising it to the original value. This effect was not 
produced if tube A was dried in a vacuum for a short time only, 
but prolonged drying of the apparatus apparently prevented oxid- 
ation in oxygen at high pressure. 

In order to collect the oxides, tube A was rotated through an 
angle of 180° about the ground joint and immersed in water at 11°. 
From the continuously glowing phosphorus, oxides fell into the 
weighed tube and, after 2—3 hours, the experiment was terminated. 
The fact that the glow of the phosphorus was not suppressed showed 
the absence of an appreciable amount of trioxide, which is an 
inhibitor of the glow. Tube A was cooled to 0° and the oxygen 
replaced by dry air. The tube with oxides was dropped into a 
weighing bottle which was immediately weighed, and the oxides, 
after deliquescence, were analysed in the weighing bottle in the 
manner indicated. 

As expected, there was no evidence of volatile phosphorus trioxide 
in the dry oxides, which were white with a slight yellow tinge (due 
probably to a trace of amorphous phosphorus) and were apparently 
unchanged at temperatures up to 100°. It was noted that the 
yellow tinge was slightly more pronounced at low oxygen pressures 
than at high. The aqueous solution contained a very small quantity 
of a yellow colloidal substance which was not taken into account 
in the analysis, since its isolation was impracticable and its effect 
thought to be negligible. As the film of oxides on the oxidising 
phosphorus had a somewhat yellower tinge than the oxides in 
the collecting tube, no attempt was made to increase the weight of 
oxides for analysis by removing from the phosphorus its surface 
coating of oxides. Prolongation of an experiment did not markedly 
increase the yield of oxides, presumably owing to the film of oxides 
on the phosphorus surface which retarded oxidation. If oxidation 
in tube A was effected with air, and an oxygen leak from the reser- 
voir was instituted to make good the loss of oxygen, the falling 
oxides were yellower than in oxygen. The atomic ratios of com- 
bined oxygen to phosphorus found for various experiments are given 
in the table below : 
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Expt. Ne. 


BWBrANIATISE SNe 


« 


10 


Period of Oxygen 
press., mm. 


drying, hrs. 
t 1240 
950 

910 

820 

580 

300 

100 

1210 

480 

(Air) 


Wt. of oxides, 
g- x 10. 


152 
117 
165 
136 
104 
129 

65 
148 
132 
147 


Atomic ratio, 
O:P. 


2-13 
2-17 
2-14 
2-15 
2-14 
2-16 
2-19 
2-16 
2-17 
2-09 





Despite the considerable range of pressure, the ratios for oxidation 
in oxygen are fairly constant, the deviation from the mean, 2-16, 
not exceeding the experimental error. The low value for air, 
viz., 2-09, was believed to be due to the greater proportion of the 
yellow substance. The ratio O: P, which resembled that found for 
the oxidation product in moist air, clearly indicated that neither 
phosphorus tetroxide nor phosphorus pentoxide was the ‘sole final 
oxidation product of phosphorus, but pointed rather to the presence 
of both. The necessity for hydrolysing the acid solution before 
oxidation also showed the presence of a reducing acid (probably 
hypophosphoric acid) not derived from phosphorus tetroxide; the 
latter gives a mixture of phosphorous and phosphoric acids only 
(Thorpe and Tutton, J., 1886, 49, 833). As the proportion of this 
acid was small, however, it was concluded that the principal con- 
stituents of the oxidation product of phosphorus in pure dry oxygen 
at pressures between 100 and 1200 mm. were the tetroxide and 
pentoxide in almost constant proportion. For the first seven 
experiments, the weight of oxides obtained was greater than that 
found by analysis ; this was attributed to the absorption of moisture, 
the amount being roughly sufficient to convert the calculated 
§ quantity of phosphorus pentoxide into metaphosphoriec acid (the 
tetroxide is not so hygroscopic). When the apparatus was very 
thoroughly dried, as in Expts. 8 and 9, the two weights were the 
same. 

In order, if possible, to confirm the foregoing result, the oxides 
were collected in a narrow tube by suitably modifying tube A in 
Fig. 1. The narrow tube was evacuated, sealed, and heated to 
300°. As expected, the oxides sublimed, leaving a small red residue 
which eventually blackened. The white sublimate consisted of 
highly birefringent crystals of phosphorus tetroxide and, if the 
oxidation apparatus had been initially dried as in Expts. 8 and 9, 
of the pentoxide as well. The result was the same whether the 
phosphorus: had been oxidised in oxygen at 400 mm. or 1000 mm. 
pressure. Oxides shaken from the surface of the phosphorus gave 
the same result. 
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The Stability of Phosphorus Tetroxide in Oxygen.—As phosphorus 
tetroxide was evidently a final product of the siow oxidation of 
phosphorus, it was important at this point to study the stability 
of the oxide in dry oxygen. This oxide in as dry a state as possible 
was prepared by the oxidation in oxygen of the trioxide containing 
phosphorus, in presence of concentrated sulphuric acid. The 
falling oxides were collected in a long narrow tube sealed to the 
oxidation apparatus referred to below, the narrow tube being 
constricted at the middle so that the oxides were retained in the 
upper half. When sufficient had collected, the phosphorus trioxide 
and sulphuric acid were removed and the oxidation product was 
sublimed in a vacuum into the second half of the narrow tube, the 
usual small red residue remaining behind. Oxygen was added to 
160 mm. pressure, and the part of the narrow tube containing the 
oxide was sealed off. The tube was carefully examined under the 
microscope, and only the characteristic phosphorus tetroxide 
crystals were detected—under the conditions of the experiment 
phosphorus pentoxide was not expected to be seen. It was next 
heated in a small furnace, and cooled down at intervals for examin. 
ation of the deposited crystals. Only after heating at 350° was a 
change noted, phosphorus pentoxide crystals being found admixed 
with those of the tetroxide. After heating at 410°, however, the 
deposit was almost entirely phosphorus pentoxide. Hence the 
tetroxide is oxidised in oxygen at a temperature of 350—410°. 

Ozonised oxygen, containing 1% of ozone, had no effect on crystals 
of phosphorus tetroxide at 25°. 

The Oxidation Product of Phosphorus dissolved in Phosphorus 
Trioxide —Three years ago, I concluded (Proc. Roy. Soc. Edin., 
1926, 46, 239) that, when phosphorus trioxide containing phosphorus 
was oxidised in presence of concentrated sulphuric acid, in oxygen 
at 600 mm. pressure and at 25°, the tetroxide was the only product. 
It has just been shown that phosphorus alone yields the pentoxide 
as well as the tetroxide, hence the above conclusion may be wrong, 
or else phosphorus dissolved in phosphorus trioxide does not give 
the same oxidation product as the element itself. Further experi- 
ments on the oxidation of phosphorus trioxide containing dissolved 
phosphorus were accordingly undertaken in order to find if phos- 
phorus tetroxide was indeed the sole final oxidation product. 
Phosphorus trioxide was prepared according to Thorpe and Tutton’s 
method (J., 1890, 57, 545) and distilled before use. Oxidation in 
oxygen at various pressures was effected at 25° in the apparatus 
previously described (Miller, loc. cit., p. 240) but, as source of water 
vapour, pyrophosphoric acid replaced sulphuric acid, which reacts 
with phosphorus trioxide and might have caused complications. 
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With pyrophosphoric acid it was more difficult to procure sufficient 
of the oxidation product for analysis, for, if an experiment was 
unduly prolonged, moisture acted on the oxides. In a preliminary 
experiment, the pure white oxidation product obtained under the 
altered conditions was found to give crystals of phosphorus tetroxide 
when heated in a vacuum. 

Analysis of the oxides was effected as before. In a representative 
set of experiments performed at pressures of oxygen between 600 
and 1150 mm., the following values of the atomic ratio of combined 
oxygen to phosphorus were obtained: 2-00, 2-05, 1-89, 2-06, 
1:91. The deviation from the ratio 2-00, required for phosphorus 
tetroxide, in each of the last four experiments exceeded the experi- 
mental error, so that the ratios 2-05 and 2-06 indicated the formation 
of an oxide containing more than two atoms of oxygen to one of 
phosphorus. The weight of oxides found by analysis was lower 
than that actually obtained, showing that moisture had been 
absorbed. The results as a whole could be accounted for by sup- 
posing that the oxidation product contained phosphorus tetroxide 
and pentoxide (+ water), with phosphorous acid (phosphorus 
trioxide +- water) as impurity. In order to settle the question of 
the real composition of the uncontaminated oxidation product, 
three more experiments were made in which the utmost care was 
taken to exclude superfluous moisture. Thus, the weighed tube in 
the oxidation apparatus was reduced in size so as to decrease the 
surface on which phosphorus trioxide might give a film of phos- 
phorous acid, and the apparatus was dried over-night at 100° 
before use. Pyrophosphoric acid was again the source of water 
vapour, and dry oxygen, the pressure of which was varied from 400 
to 1000 mm., was passed into the apparatus as before. The ex- 
periments, each of 3 hours’ duration, were performed at 25°. The 
yields of oxides were very small (2—4 mg.), but they were probably 
uncontaminated with phosphorous acid. The atomic ratio O:P 
had the values 2-14, 2-23, and 2-20; average, 2:19. This indicates 
that the oxides obtained from phosphorus dissolved in phosphorus 
trioxide are not essentially different from those obtained from 
phosphorus alone. 

If the temperature of experiment was raised, or the pressure of 
oxygen lowered, the value of the ratio decreased, as was to be 
expected, since phosphorous acid will be more readily formed at 
higher temperatures and lower pressures. A final experiment was 
performed at a temperature at which the trioxide ignited (90°). 
The oxide analysed was the white product that fell freely from the 
burning trioxide, and did not include the red substance formed, 
presumably by thermal decomposition, on the basin containing the 
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trioxide. Analysis showed that the oxidation product, for which 
the ratio O:P was 2-44, consisted almost entirely of phosphorus 
pentoxide, the slight reducing power being due to the small amount 
of lower oxides formed during the short pre-ignition period. 


The Origin of the Oxidation Products of Phosphorus Trioxide 
containing Dissolved Phosphorus. 

It has now been found that the oxidation products of phosphorus 
in presence and absence of water, and of phosphorus dissolved in 
phosphorus trioxide, contain phos- 
phorus and oxygen in much the 
same atomic ratio. As already 
pointed out (p. 1831), oxidation in 
the last case is due to phosphorus 
and phosphorus trioxide, ozone 
produced by the oxidation of the 
element in moist oxygen reacting 
with the trioxide. The following 
investigations were carried out in 
order to determine the nature and 
extent of this secondary reaction: 
(a) The oxidation product of phos- 
phorus trioxide in ozonised oxygen 
was analysed quantitatively and 
qualitatively; (b) the amount of 

WEIGHED ozone required for the oxidation 
TUBE of phosphorus trioxide was found; 
(c) the total amount of oxygen 
absorbed by phosphorus in pres- 
ence of phosphorus trioxide was 

determined. 

(a) Oxidation of Phosphorus Trioxide by Ozonised Oxygen.— 
Phosphorus-free trioxide was oxidised at 25° by ozonised oxygen 
(containing about 1% of ozone) in the all-glass apparatus shown in 
Fig. 2. The apparatus was attached at X to a drying tube with 
phosphoric oxide, which at its other end was connected to a Siemens 
ozoniser. The latter communicated with the oxygen reservoir 
shown in Fig. 1. The upper part of the apparatus was charged with 
phosphorie oxide, and a small weighed tube was inserted for the 
collection of oxides. The apparatus was left evacuated for at least 
a day, dry oxygen was then passed in to atmospheric pressure, and 
the small basin containing phosphorus trioxide was quickly inserted. 
Ozonised oxygen was passed through the apparatus at atmospheric 
pressure at the rate of 3 c.c./min., the oxides falling into the weighed 


O 
—> £ 


7. 
x 














THE OXIDATION PRODUCTS OF PHOSPHORUS, ETO. 1839 


tube. After 1—1} hours, the passage of ozone was discontinued, 
the basin of phosphorus trioxide removed, and the apparatus 
thoroughly evacuated at 30—40° to remove the trioxide as vapour. 
Dry air was passed into the tube, and the pure white oxides were 
removed, weighed, and analysed as before. The aqueous solution 
of the oxides contained no yellow substance (compare p. 1834), nor 
was hydrolysis with hydrochloric acid necessary before oxidation 
with sodium hypobromite (compare p. 1832). In two experiments, 
with a yield of oxides of 0-0134 and 0-0362 g., the atomic ratio of 
combined oxygen to phosphorus was 2-18 and 2-21, practically the 
same value as was found for slowly-oxidising phosphorus. The 
oxides were next collected in a suitable manner for sublimation in a 
vacuum. They sublimed in the customary fashion, giving the clear, 
cube-shaped, birefringent crystals of phosphorus tetroxide, and, 
when special precautions had been taken to exclude moisture during 


oxidation, crystals of phosphorus pentoxide as well. Consequently, 
when phosphorus trioxide is oxidised in ozonised oxygen, phosphorus 
tetroxide and pentoxide are formed, and the atomic ratio of oxygen 
to phosphorus in the oxidation product as a whole is practically the 
same as that found for oxides derived from slowly-oxidising 
phosphorus. 

(b) Determination of the Amount of Ozone taking Part in the Oxid- 
ation of Phosphorus-free Phosphorus Trioxide—In the method 
ultimately adopted, two bulbs of equal capacity were charged with 
ozonised oxygen of the same composition, at the same high pressure. 
The pressure in each bulb was then slowly reduced to atmospheric, 
the gas from one bulb passing through a potassium iodide solution 
for estimation of the amount of ozone present, and that from the 
other passing over the phosphorus trioxide, of which the oxidation 
products were analysed for reducing power and phosphorus content. 

The apparatus shown in Fig. 3 was connected with a Siemens 
ozoniser which communicated with the oxygen reservoir shown in 
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Fig. 1. The volumes of the bulbs A and B between the taps were 
identical (56 c.c.). The tube C, in which phosphorus trioxide was 
oxidised, was made from glass tubing 2 cm. wide, and was 10 cm. 
long. A small distilling flask for phosphorus trioxide was sealed 
to C so that the freshly distilled, dry trioxide could be run into the 
cup £ without introducing moisture. Ozonised oxygen could be 
introduced just above the surface of the trioxide in the cup by means 
of the entry tube shown. To the apparatus were attached two 
tubes containing potassium iodide solution for absorbing ozone. 
The volume of the apparatus between tap c and the point where 
the ozone reached the absorbing liquid was the same as that between 
tap e and the point, near the trioxide, where ozone entered tube C. 


The whole of the apparatus, except the two absorption bulbs, , 


was fitted together as shown. The phosphorus trioxide in the dis. 
tilling flask was mixed with a little phosphoric oxide and the flask 
was evacuated. Into the rest of the apparatus ozonised oxygen 
was passed and left over-night so as to eliminate traces of substances 
that might react with ozone. Afterwards the apparatus was left 
evacuated for 1—3 days, and dry oxygen was next passed into it 
to atmospheric pressure. The part to the left of taps c and e¢ 
was once more evacuated, and tap a closed. From the reservoir, 
oxygen at a pressure of 1300 mm. was slowly passed into the Siemens 
ozoniser, and when the pressure here was a maximum the reservoir 
was shut off and tap a opened, so that bulbs A and B were charged 
with the same ozonised oxygen to the same pressure. The process 
was repeated until the pressure of gas in the bulbs was about 1300 
mm. Taps a, b, and d were closed. Phosphorus trioxide was 
distilled into the small bulb above tap g and then by means of dry 
oxygen, at a pressure above atmospheric, forced down into the 
cup until that was full. The two absorption bulbs were attached 
and charged with a neutral, 2% solution of potassium iodide. The 
tube C was immersed in water at 25° and ozonised oxygen was slowly 
passed at the same rate from each of the bulbs A and B, so that all 
the entering ozone was used up and the cloud of oxides formed 
never reached as far as the capillary, z, leading to the drying tube. 
This capillary served to retain the small quantity of oxides borne by 
the gas stream. Bulbs A and B were recharged with ozone as often 
as desired. After 2—4 hours taps c and e were closed and the 
apparatus to the left of these wasevacuated. Dry oxygen was passed 
in, and the ozone remaining to the right of the taps was then forced 
out. The absorption tubes were removed, dilute sulphuric acid was 
added to both solutions, and the liberated iodine was titrated with a 
dilute standard solution of sodium thiosulphate. The solution 
from tube D contained neither iodine nor phosphate. The amount 
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were fof iodine liberated in the first solution was therefore a measure of 
was the amount of ozone used in the oxidation of phosphorus trioxide. 
cm. — The amount of phosphorus trioxide oxidised was next determined. 
aled J Tube C was disconnected at f and tilted so that a considerable 
» the Famount of perfectly clear trioxide could be run back into the 
1 be Bevacuated distilling flask. If any of the oxidation product was 
eans § dissolved in the trioxide, its amount was negligible. The remainder 
two fof the phosphorus trioxide was removed as vapour by prolonged 
one. evacuation of the apparatus. During evacuation the apparatus 
here ff was sealed off at x and y, in order to avoid possible leakage at taps, 
yeen § and then heated in water at 50—60°. When removal of phosphorus 
e C. Birioxide was as complete as possible, air was slowly passed into 
lbs, . § tube C from which the drying tube was then cut off at z. The seals 
dis- § at x and y were also broken and the reducing power of the oxides 
lask § was ascertained whilst in the apparatus. A blank experiment was 
gen § similarly performed, and then the total weight of phosphorus in the 
ices § oxides was determined as usual. 
left Although the oxidation product, which was assumed to have the 
0 it composition PO,.,,, was contaminated with a little phosphorus 
de trioxide, the above results were sufficient for the calculation of the 
oit, ff actual weight of phosphorus trioxide oxidised. In two experiments 
ens § the molecular ratio of phosphorus trioxide to ozone (P,O,:0,) was 
oir 19:1 and 2-1:1. Therefore when phosphorus-free trioxide is 
ged I oxidised by ozonised oxygen 2 mols. of phosphorus trioxide are 
88 &@ oxidised for every mol. of ozone reacting. Now, in order to convert 
300 & 2P,0, into the oxidation product of composition PO,.,9, 5°5 atoms 
vas # of oxygen are required; of this, a molecule of ozone can supply 
Iry § 3 atoms at most, so that oxygen as well as ozone takes part in the 
the BH reaction. If P,O,* and P,O,, are the sole constituents of the 
ied FF oxidation product represented by PO,.,,, for every mol. of P,O, 
‘he ff there must be approximately 0-6 mol. of P,O,, present. The 
4 simplest equation that represents the oxidation process is 
a 
ed 8P,0, + 40, + 50, = 5P,0, + 3P,049, 
¢. ff where the amount of ozone used up is equivalent to the amount 
by BF of phosphorus pentoxide produced. The presence of phosphorus 
™ tetroxide in the final oxidation product was not due to incomplete 
he oxidation, owing to an insufficient supply of ozone, for the 
ed tetroxide is not attacked by ozone at 25° (p. 1836). At present it 
ed is impossible to say how the ozone molecule behaves in the oxidation 
vd of phosphorus trioxide, nor can anything definite be said regarding 
the different stages of the reaction. It has still to be found whether 









* This formula is used for simplicity, the more probable formula being 
P.O,, (West, J., 1902, 81, 923). 
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variation of the experimental conditions (temperature, oxygen 
pressure, etc.) affects the mode of oxidation. 

(c) Hstimation of the Total Amount of Oxygen absorbed by Phos. 
phorus in Presence of Phosphorus Trioxide at 25°.—In order to find 
the total amount of oxygen absorbed by phosphorus in presence of 
phosphorus trioxide, a known weight of phosphorus dissolved in 
pure phosphorus trioxide was oxidised in oxygen in presence of a 
small amount of .water vapour. As the phosphorus trioxide was 
used up by moisture before the whole of the phosphorus was oxidised, 
it was necessary to add, at intervals, small quantities of phosphorus. 


Fig. 4. 
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free trioxide until oxidation was complete. The apparatus shown 
in Fig. 4 was connected up at 6 with an oxygen reservoir provided 
with a manometer, as indicated in an earlier paper (Miller, loc. cit., 
p. 1849). The mercury manometer (Fig. 4) was shut off from the 
reaction vessel in case the mercury should affect the reaction, and for 
convenience the pure phosphorus trioxide was stored in the bulb 
included in the manometer section. 2—3 G. of pure phosphorus 
trioxide were placed in the bulb, and the manometer section was 
evacuated and charged with dry oxygen to a known pressure of 
about 300 mm. Below the boat in the reaction vessel were put 
8 c.c. of a 97% solution of orthophosphoric acid as a source of 
water vapour. Air was then displaced by dry carbon dioxide, and 
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a weighed amount (0:8—0-9 g.) of phosphorus trioxide, saturated 
with phosphorus at 25°, was introduced into the boat. The apparatus 
was attached to the oxygen reservoir and quickly evacuated. From 
the reservoir of oxygen at a known pressure, oxygen was then passed 
into the reaction vessel to a pressure of about 300 mm. ‘The whole 
apparatus was kept at 25°, and while oxidation proceeded the 
reaction vessel was gently rocked to prevent film formation on the 
liquids. As the rate of oxidation was approximately known 
(Miller, loc. cit., p. 1853), the pressure during oxidation could be kept 
most.of the time within certain limits by addition of oxygen at 
intervals. When most of the phosphorus trioxide was used up, 
more was added by momentarily opening tap a. After two days, 
when oxidation was practically complete, the reservoir pressure was 
noted and the reservoir disconnected. Tap @ was permanently 
opened, and any further slight pressure change was noted. Pressure 
was constant after another two days. In a blank experiment, with 
phosphorous acid replacing phosphorus and phosphorus trioxide, 
no oxygen was absorbed in four days. The volume of every part 
of the apparatus was known for all pressures, so that the total 
amount of oxygen used in the oxidation could be calculated. In 
two experiments, about two-thirds of the total oxygen was absorbed 
between 300 and 200 mm. pressure, and the remainder below 200 
mn. The weight of phosphorus oxidised was calculated from the 
weight of phosphorus-saturated phosphorus trioxide used (100 g. 
of trioxide dissolve 1-71 g. of phosphorus at 25°). On the assumption 
that both phosphorus and phosphorus trioxide gave an oxidation 
product of the composition PO,.,,, the relative amounts of the 
element and the trioxide oxidised were found to correspond to a 
molecular ratio (P,: P,O,) of 1:48 and 1:5-4. Hence at 26°, in 
oxygen at an average pressure of 200 mm., about 5 mols. of phos- 
phorus trioxide are oxidised for every mol. of phosphorus. If the 
oxidation of the trioxide is due to ozone produced in the oxidation 
of phosphorus, and if 2 mols. of phosphorus trioxide are oxidised 
per mol. of ozone, as at 760 mm. oxygen pressure (p. 1841), then 
the above 5 mols. of phosphorus trioxide require for oxidation 2-5 
mols. of ozone, derived from the oxidation of 1 mol. of phosphorus. 

Van ’t Hoff (Z. physikal. Chem., 1895, 16, 411), who studied the 
oxidation of phosphorus at 50° in air at atmospheric pressure and 
in presence of a dilute solution of indigo as acceptor, found that for 
every atom of phosphorus oxidised 0-6 atom of “active” oxygen 
reacted with the indigo (see below). This is equivalent to the 
production of 2-4 mols. of ozone per mol. of reacting phosphorus, 
practically the same result as that just found under entirely different 
conditions. 
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The oxidation of phosphorus trioxide or indigo during the slow 
oxidation of phosphorus is an example of an induced oxidation, a 
type of secondary reaction common in autoxidation processes. A 
quantitative study of induced oxidations has revealed that, under 
favourable conditions, for every atom of oxygen taken up by the 
autoxidisable substance (inductor), an atom of (“‘ active ’’) oxygen 
is rendered available for the substance acting as acceptor. This 
relationship is usually explained by supposing that the primary 
reaction results in the formation of a peroxide, which then gives up 
half of its oxygen to the acceptor. When ozone is formed in the 
oxidation of phosphorus, oxygen itself is supposed to act as acceptor, 
the following equations being as a rule adopted to explain the 
mechanism : 


These equations do not represent experimental facts, however, for 
both van *t Hoff’s result and my own show that the amount of 
active oxygen or ozone produced per phosphorus atom oxidised 
exceeds by 20—25% the amount indicated in the equations. 

I have assumed that ozone formation precedes the oxidation of 
phosphorus trioxide, but it may be that oxidation is effected by 
“active” oxygen, which in other circumstances would give rise to 
ozone. In order to find if the oxidation of phosphorus trioxide was 
induced during the oxidation of phosphorus in dry oxygen (no ozone 
is produced) I heated a bulb, containing phosphorus-saturated 
phosphorus trioxide and oxygen, at the temperature at which a glow 
just appeared (oxidation is negligible in absence of glowing). Un- 
fortunately, this condition could not be maintained long owing to 
the ready ignition of the phosphorus. It is therefore not yet 
possible to say whether the oxidation of phosphorus in dry oxygen 
induces the oxidation of phosphorus trioxide, or whether moisture 
has a bearing on the nature and extent of the induced oxidation. 


The Mechanism of the Reaction between Phosphorus and 
Oxygen. 


Since the final oxidation products of phosphorus in dry oxyget 
consist, as I have shown, mainly of the tetroxide and pentoxide, 
and the same oxidation products, in similar molecular ratio, are 
given by phosphorus trioxide under suitable conditions, it is extremely 
likely that phosphorus trioxide is formed as an intermediate product 
in the oxidation of phosphorus. Now I have indicated that phos- 
phorus trioxide exerts an inhibitory effect on the glow of phos- 
phorus, from which it follows that if the intermediate compound 
accumulates in the system during oxidation glowing should cease. 
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This, however, was not observed, so that the trioxide if formed 
must undergo immediate further oxidation. But phosphorus 
trioxide does not oxidise in oxygen at the ordinary temperature 
unless ozone is present. In the oxidation of phosphorus, therefore, 
either phosphorus trioxide is oxidised by active oxygen (or ozone) 
simultaneously formed in the reaction, or newly formed molecules 
of phosphorus trioxide are sufficiently activated to undergo further 
oxidation. The latter course seems to be more likely considering 
that immediate oxidation of the trioxide occurs. 

Since the oxidation of phosphorus is accompanied by chemilu- 
minescence, a phenomenon of frequent occurrence in autoxidation 
processes, it is evident that certain atoms or molecules in the system 
are sufficiently excited by the energy liberated in the reaction to 
emit light. According to Petrikaln (Z. Physik, 1928, 51, 395), the 
spectrum of glowing phosphorus is due to phosphorus trioxide, the 
molecules of which are excited by a transference of energy by 
radiation or collision from newly formed pentoxide molecules. 
This is doubtful, however, for the oxidation products of phosphorus 
do not contain a surplus of trioxide. If phosphorus trioxide is 
responsible for light emission it is more likely because a small number 
of the excited trioxide molecules, produced at an intermediate stage 
in the oxidation reaction, instead of oxidising further, return to the 
inactive state with emission of light. The validity of Petrikaln’s 
result is, however, open to question, for his oxide, which was pre- 
pared by Biltz and Gross’s method (Ber., 1919, 52, 762), contained 
phosphorus. Until his experiments are repeated with pure phos- 
phorus trioxide, the possibility exists that phosphorus itself is 
responsible for the characteristic emission. An examination of 
the absorption and emission spectra of pure phosphorus trioxide is 
contemplated. 

Summary. 

A qualitative test of the oxidation products of phosphorus in 
dry oxygen revealed that phosphorus tetroxide was a constituent. 
As phosphorus oxidising in moist air at the ordinary temperature 
gavea product of the composition represented by PO, ,9, theoxidation 
products of phosphorus in dry oxygen were analysed quantitatively. 
At all the pressures of oxygen tried (100—1200 mm.), and at a 
temperature of 11°, the oxidation product was of practically the 
same composition, the atomic ratio 0: P being 2-16. It contained 
phosphorus tetroxide and pentoxide, a trace of amorphous phos- 
phorus, and a small quantity of a substance responsible for the 
appearance in the aqueous solution of either hypophosphoric acid 
or a substance resembling it in properties. Phosphorus trioxide 
was not detected. 
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Phosphorus tetroxide was stable in oxygen at the ordinary 
temperature, but underwent oxidation to pentoxide when heated 
at 350—400°. It was unattacked by ozone at 25°. 

Phosphorus-saturated trioxide, which absorbed oxygen at 25°, 
in presence of a small quantity of water vapour gave an oxidation 
product of the composition represented by POQ,,.. Phosphorus 
trioxide took part in the oxidation, being oxidised, presumably, by 
ozone liberated in the oxidation of the phosphorus. 

When pure phosphorus trioxide was oxidised at 25° by ozonised 
oxygen, the oxidation product had again the composition repre- 
sented by PO, 4, and the tetroxide and pentoxide were the sole 
constituents. One molecule of ozone was required for the oxidation 
of two molecules of phosphorus trioxide (P,O,). When phosphorus 
was oxidised in presence of phosphorus trioxide, and a small amount 
of water vapour, five molecules of phosphorus trioxide were oxidised 
for every molecule of phosphorus (P,) undergoing oxidation. 

It was indicated that phosphorus trioxide is most probably 
formed at an intermediate stage in the oxidation of phosphorus; 
but it does not accumulate in the system, and probably undergoes 
oxidation while in an activated state. Active molecules of phos- 
phorus trioxide may be responsible for the chemiluminescence 
exhibited by slowly-oxidising phosphorus, but this point has still 
to be settled. 

I have much pleasure in acknowledging my indebtedness to Sir 
James Walker, F.R.S., who has given me great encouragement 
during my investigations. 

UNIVERSITY OF EDINBURGH. [ Received, June 19th, 1929.] 





NOTES. 


The Phosphorescent Flame of Arsenic. By Harry JULIUS 
EMELE£US. 


THE conditions under which the glow of arsenic occurs have been 
described by the author (J., 1927, 783). Since then it has been 
possible to photograph the spectrum of this flame, and to compare 
it with that of the normal flame. A suitable light source was 
obtained by heating about 3 g. of arsenic in a transparent silica 
tube (30 cm. long, 2 cm. internal diam.) wound over 15 cm. of its 
length with 30 turns of resistance wire (3 ohms/m.). A stream of 
air (200 c.c./min.) was passed down the tube from a side tube 
sealed on at one end, which was closed and worked in the blow- 
pipe so as to form a transparent window, through which the flame 
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was photographed. Under these conditions the tube above the 
arsenic was filled with a feebly luminous white cloud, the tem- 
perature of which, as measured by a mercury thermometer, varied 
between 250° and 360°. An exposure of 7 hours was needed with 
the large-aperture spectrograph already described (J., 1927, 788). 
The spectrum of the normal flame was photographed by igniting 
the arsenic, contained in the silica tube, in a stream of oxygen. 

The spectrum of the phosphorescent flame was found to consist 
of an apparently continuous band between 4300 and 4900 A. with 
its maximum intensity at about 4600 A. There was no evidence 
of ultra-violet bands with this exposure. A }-min. exposure of 
the normal flame gave a broad band closely resembling that from 
the low-temperature flame, and with its maximum in approximately 
the same position. With a 5-mins. exposure of the hot flame the con- 
tinuous spectrum extended to 3200 A., but there was no evidence 
of other bands in the ultra-violet. The correspondence between 
these spectra is in accordance with the fact that the chemical 
reactions are believed to be the same in the two flames. 

Further experiments have also been made to determine if the 
phosphorescent arsenic flame can be inhibited by foreign vapours 
and gases in the same way as the flames of sulphur and phosphorus. 
In carrying out these tests, oxygen (dried by phosphoric oxide) was 
either passed directly over the arsenic (2 g.) heated in a U-tube, or 
the gas stream was diverted through two bubblers containing the 
organic liquid of which the inhibiting action was to be examined. 
The temperature was recorded by a mercury thermometer inside 
the U-tube. In making an observation, the glow was first obtained 
at as low a temperature as possible in an oxygen stream; the gas 
stream was then diverted through the organic liquid, and it was 
observed whether the glow became weaker or was diminished in 
intensity. The glow was found to appear at 220—245°, according 
to the conditions, and was completely extinguished at this tem- 
perature when the oxygen was saturated with the vapour of any 
of the following nine liquids: benzene, ethyl alcohol, hexane, 
acetone, chloroform, amyl acetate, ethyl acetate, methyl alcohol, 
and chlorobenzene. A temperature increase of 12—30° was needed 
to restore the glow, but it reappeared at the temperature at which 
it had been inhibited if the normal gas stream was once more 
passed, showing that no permanent change (e.g., contamination of 
the surface} had taken place in the arsenic. If the glow was in- 
tibited in oxygen saturated with, e.g., benzene, and the gas stream 
vas stopped, the glow reappeared in a few seconds, although there 
is no reason to think the inhibitor had been destroyed. On restart- 
ing the gas stream, the glow was once more swept out of the tube. 

3R* 
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This observation suggests that there was a definite lag in the estab- 
lishment of the glow in presence of the inhibitors, resulting in 
inhibition in a gas stream, but not in stationary gas. On com- 
paring these results with those obtained previously on the inhibition 
of the glow of sulphur (J., 1928, 1942), it is seen that the effects 
with arsenic are very much weaker, though this phosphorescent 
flame apparently shows a phenomenon of exactly the same type.— 
IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, Lonpbon, 8.W.7. 
[ Received, June 19th, 1929.] 





Periodic Structures from Interacting Gases. By ERNEST SYDNEY 
HEDGES. 


Koenta (J. Physical Chem., 1920, 24, 466) has described the form. 
ation of bands of ammonium chloride when two litre flasks, con- 
taining respectively ammonia and hydrogen chloride, were con- 
nected by a narrow glass tube several metres in length. The bands 
were formed where the gases interacted in the connecting tube. 
Apart from the support given by this experiment to the view that 
the so-called specific function of the gel in the formation of Liese- 
gang rings and other periodic structures has little or no significance, 
the observation is of some importance, since it is opposed to Wo. 
Ostwald’s ‘‘ diffusion-wave ”’ theory of Liesegang rings (Kolloid-Z., 
1925, 36, 380). According to this theory, the essential rdle is 
played by the second reaction product—potassium nitrate in the 
reaction between potassium dichromate and silver nitrate—which 
is said by its accumulation to reverse the reaction and dissolve the 
precipitate. 

The combination of ammonia and hydrogen chloride is an example 
of a chemical reaction in which there is no second reaction pro- 
duct. Ostwald (Kolloid-Z., 1926, 40, 145), however, regards the 
reaction as NH,OH + HCl = NH,Cl + H,O and suggests that the 
water formed plays the part of the second product. It is doubtful 
whether ammonium hydroxide occurs even in moist ammonia gas, 
but it seemed desirable to repeat the experiment with dried gases. 

Another point requiring investigation was whether the periodic 
structures produced in this way are genuine or are caused by 
fluctuations in temperature: apparently, Koenig used no tem- 
perature control, and a small variation in the temperature of one 
of the large flasks would move the boundary of the reacting gases 
in the narrow tube considerably. 

In the present investigation, instead of using large globes con- 
taining the gases, solutions of ammonia and hydrochloric acid were 
put respectively into two. bottles of 250 c.c. capacity and connected 
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by 2 m. of glass tubing (3 mm. diameter), no temperature control 
being used in the first experiments. Between 'the connecting tube 
and the bottles were inserted drying trains, containing phosphoric 
oxide on the hydrochloric acid side and lime on the ammonia side. 
After 2 days, irregular bands of ammonium chloride had formed in 
the tube. It was then found quite unnecessary to use so long a 
tube, for by varying the concentrations of the solutions the gases 
could be made to meet about half-way along the tube, and in 
subsequent experiments the bottles were kept close together and 
connected by 40—50 cm. of glass tubing suitably curved so as to 
occupy as little space as possible. The best concentrations were 
found to be 10N-hydrochloric acid and 2N-ammonia. 

The experiment was repeated under constant temperature con- 
ditions by placing the two bottles side by side in a thermostat at 
30°, the drying tubes also being immersed. The narrow connecting 
tube was above the level of the water and was protected from 
draughts by a wrapping of cotton wool. After 2 days, regularly 
spaced bands of ammonium chloride occupied a length of about 
10 cm. of the tube, the mean distance between the bands being 
about 1 mm. 

It is concluded that the interaction of gaseous ammonia and 


/ hydrogen chloride gives rise to a true periodic structure, that water 


plays no significant part in the formation of this structure, and 
that the ‘“‘diffusion-wave”’ theory is inapplicable-—BrpD¥FoRD 
CotLtecE (UNIvEeRSITY OF LONDON), ReEeEent’s Park, N.W.1. 
[Received, July 3rd, 1929.] 





CCXLII.—Aliernation in the Heats of Crystallisation 
of the Normal Monobasic Fatty Acids. Part IV. 


By Wiiu1am EpwarpD GARNER and ANNIE M. Kine. 


THE specific heats and heats of crystallisation of normal monobasic 
fatty acids, up to C, for the even series and 'C,; for the odd, have 
alrealy been measured (Garner and Randall, J., 1924, 125, 881; 
Garner, Madden, and Rushbrooke, J., 1926, 2491). This paper 
describes the extension of the work to still higher members of the 
series, with the object of determining whether the straight-line 
relationship between Q, the molar heat of crystallisation, and n, 
the number of carbon atoms in the chain, is maintained for both 
odd and even acids. A careful study, involving a large number of 
experiments at different temperatures for each odd acid, was also 
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made of the conditions governing the appearance of the «- and 8. 
forms, and their transformation one into the other. 
The results of Garner, Madden, and Rushbrooke (loc. cit.) for the 
even acids above C,, were expressed by the two equations 
Q=1-0380n—36) . . 2. 1. ws see (2) 
Q/T = 0-002652n — 000438 . . . . . . (2) 
which were combined to give the following expression for the setting 
point : 
T = (1-030n — 3-61)/(0-002652n — 0-0043) > ve batv fd) 


Fie. 1. 














10 15 20 25 30 
Number of carbon atoms, n. 
I. Q-n graph -< even acids. II. Q-n “— for a odd acids. 

III. Q/T-n graph for odd acids 
The present work on the C,, and C,, acids fully confirms this 
equation, the linear relationship being maintained for both Q and 
Q/T against n (Fig. 1, curve 1, shows the heat of crystallisation 
plotted against 7). 

Table I gives the complete results for the even acids from Cy, 
upwards. It will be seen that the observed setting points and those 
calculated from equation (3) are in good agreement. 

Sufficient data have now been obtained for a similar treatment of 
the « odd acids. Curves II and III (Fig. 1) show the graphs for @ 
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TaBLeE I. 
Setting Points and Heats of Crystallisation of the Even Acids. 


Setting point Q Setting point Q 
Acid, (° Abs.). (Cals. / Acid, (° Abs.). (Cals./ 
C atoms. Obs. Cale. Diff. mol.). C atoms. Obs. Cale. Diff. mol.). 
304-2 301:0 +32 6-69 20 347-2 348-6 —1-4 16-95 
316-8 318:0 —1-2 8.75 22 353-2 352-6 —0-4 18-75 
326-7 329-4 —2-7 10-74 24 356-1 355-8 +0°3 21-10 

335°3 337-4 —2-1 12-98 26 360-4 358-4 +20 — 

343-3 — — 


and Q/T respectively against » for these substances. Here again, 
as with the even members of the series, a linear relationship is 
obtained for both curves. From measurements of the intercepts 
and slopes, the following equations have been obtained for the « 
odd acids : 
GQ = 0-0651n — 240 -.°. 1. we wl ew, 
Q/T = 0-002505n — 00071 . . ... . (5) 
Combination of these two equations gives the setting point as 
T = (0-9651n — 4-49) /(0-002505n — 00-0071) . . . (6) 


‘This equation gives a curve of very similar shape to that obtained 
by Garner, Madden, and Rushbrooke for the even acids. 


Table II gives the complete results for the « odd acids from C,, 
upwards. As with the even acids, the observed setting points and 
those calculated from the equation are in good agreement. 


TaB_eE II. 
Setting Points and Heats of Crystallisation of the « Odd Acids. 


Setting point Q Setting point 
Acid, (° Abs.). (Cals. / Acid, (° Abs.). 
Catoms. Obs. Cale. Diff. mol.). C atoms. Obs. Cale. Diff. mol.). 
301-3 299-3 20 5-99 19 — 341-8 a oa 
314-1 316-2 —2-1 8-02 21 — 346-5 — — 
325-1 327-3 —2-2 10-30 23 «351-7 350-4 +1-3 17-60 
333-8 335-7 —1-:9 12-22 25 355-9 353-6 +2-3 20-00 


The equation for the even acids indicates a convergence temper- 
ature of 115-5°, and for the odd, 112-2°. The 3° difference in these 
temperatures is shown in Fig. 1 by the slight non-parallelism of the 
Q-n curves for the odd and even acids. This would seem to point 
to slightly different packing of the chains of these acids, possibly 
due to differences between the orientation of terminal groups in 
the two series. This point cannot be stressed, however, for the 
difference between the convergence temperatures is only slightly 
greater than the experimental error and the divergence obtained 
may, to some extent, be due to slight impurity in the acids. 
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The effect of impurity on the heat of crystallisation was investig- 
ated in the case of cerotic acid from beeswax, prepared by Professor 
Francis and found by X-ray analysis to be a mixture of at least 
two acids, C., and C,,. The value obtained for the heat of crystal- 
lisation was 52-25 cals./g., which corresponds to that of an acid 
with a carbon content of 18, a result which is not in accordance 
either with the literature on this substance or with the results from 
X-ray analysis. 

The low heat of crystallisation is not due to incomplete solidi- 
fication, for cerotic acid gives a normal value for the specific heat 
for the temperature range 70—20°. The admixture of molecules of 
unequal chain length will probably lead to loose molecular packing 
in the neighbourhood of the terminal methyl group. The forces 
between the carboxyl groups are so strong that the arrangement 
in the neighbourhood of this group is likely to be unaffected. Any 
lack of contact between the methylene or terminal methyl groups 
will lead to a low value for the heat of crystallisation. It is intended 
to study the effect of mixing two straight-chain acids in the near 
future. ’ 

The transition between the «- and 6-forms of the odd acids provides 
a further example of the phenomenon of unilateral equilibrium which 
has been recently discussed by Baur (Z. physikal. Chem., 1928, 137, 
63). According to the law of Guldberg and Waage, the velocity of 
the reaction A, = A, at equilibrium is £,[A,] — k,[A,] = 0. The 
equilibrium is dynamic, and the velocity of the reaction is sym- 
metrical about the equilibrium point. At equilibrium, K = 
[A,]/[A,], and K[A,] — [4,] = 9. If A is placed equal to K[A,] — 
[A,], and plotted against the velocity of the reaction, a straight line 
passing through the origin is obtained. In the case of many 
reactions, e.g., H, + I, =2HI, the slope of the line is the same 
whether the reaction is proceeding from the right or from the left, 
i.e., the velocity of the reaction can be represented throughout by /A. 

In the three cases of equilibrium in the liquid state, quoted by 
Baur, there was a change of slope at the equilibrium point, where 
A=0. The slope of the line obtained when K{[A,]— [A,] is 
plotted against the velocity of the reaction changes at the equi- 
librium point in such a way that the velocity of the reaction is /A 
from the left and k’A from the right. The symmetry about the 
equilibrium point is thus destroyed. Baur has critically examined 
the literature dealing with this phenomenon and has come to the 
conclusion that in certain cases of inversion and transformation, 
there exists a true equilibrium which, however, can only be reached 
from one side of the reaction. He quotes experiments by Michael, 
Kiister, Dienger, and Wislicenus. 
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The transition between the «- and §-forms of the odd acids is 
curious in that it affords examples of unilateral equilibrium in the 
solid state. The transformation for a number of acids has been 
studied by heating them in a thermostat at a temperature above 
that of the room but below their melting point, and measuring the 
amount of heat liberated when the solid and its container are 
immersed in a calorimeter at 20°. Figs. 2 and 3 show the curves 
obtained when the rise in temperature of the calorimeter is plotted 
against the temperature of the solid before immersion. Those in 
Fig. 2 were the values previously obtained for C,, and C,; by Mr. 


Fie. 2. 





Rise in temperature of calorimeter. 











Temperature of thermostat. 


Rushbrooke, and those of Fig. 3 are the values found in the present 
investigation for C,, (I), C3 (II), and C,, (III). The rise in tem- 
perature depends on the previous treatment of the solid. The upper 
curve of each pair in Fig. 3 represents the temperatures obtained 
when the molten acid is placed in the thermostat and allowed to 
crystallise and come to equilibrium at temperatures above that of 
the room, and the lower curve that obtained by first cooling the acid 
to room temperature before placing it in the thermostat. The results 
shown in Fig. 2 were obtained by placing the molten acid in the 
thermostat in all experiments. 

From the form of the upper curves, it will be seen that the solid 
form crystallising immediately below the melting point passes into 
another form with evolution of heat on lowering the temperature. 
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The solid first crystallising out is called the «-form, and that formed 
on further cooling, the 8-form. The transition occurs over a tem- 
perature interval varying from 7° in the case of C,, to 22° for C,,. 
The values obtained at any temperature are independent of the 
time in the thermostat, provided that this exceeds 14 hours. 


Fre. 3. 
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Experiments were carried out with C,; to test whether or not the 
points on the upper curves obtained after 100 minutes’ heating are 
equilibrium values. The acid crystallised at the high temperature 
was maintained at this temperature for 33 hours in Expt. 38 and for 
64 hours in Expt. 35, all the other conditions being the same. The 
values for the heat liberated were the same in the two experiments, 
and lie on the curve. 
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For C,7, Cys, and C,;, the lower curve shows no evidence of the 
occurrence of any change of state. Thus, although the transform- 
ation «-—»8 can occur on lowering the temperature, the reverse 
change cannot be brought about by raising the temperature. A 
test was made with C,,; from the 8 side of the transformation, to see 
if the 8-form could be transformed into the «-form in a reasonable 
time. In Expt. 34, the solid $-form was maintained for 6} hours 
at 78° and in Expt. 33 for 14 hours at the same temperature. 
Identical results were obtained, and no apparent transition into the 
a-form was observed. 

The lack of reversibility in the « — 8 transition is supported by 
the observations of Piper (Trans. Faraday Soc., 1929, 25, 348), who 
has measured the X-ray spacings of monobasic fatty acids. He 
finds that the powdered crystals of the odd acids may show simul- 
taneously more than one spacing. These spacings he designates as 
A’, B’, C’, and D’ to distinguish them from the spacings of the even 
acids. It is exceptional for the C’ spacing to appear at low tem- 
peratures. After fusion, and just below the melting point, he 
obtains the C’ spacing only; if the temperature is allowed to fall 
below a certain transition value, then the A’, B’, and D’ spacings 
may appear. For acids with more than 13 carbon atoms, Piper 
has never found it possible to convert the A’, B’, and D’ into the C’ 
spacing on raising the temperature. The A’, B’, and D’ spacings 
for acids with more than 13 carbon atoms are apparently stable up 
to the melting point. The «-form gives the C’ spacing of Piper and 
the 6-form gives either one or all of the A’, B’, and D’ spacings. 

The unilateral equilibrium « — 8 is not observed in the cases of 
acids Cy and C,,. Here the equilibrium can be approached from 
both sides (loc. cit.; see also de Boer, Nature, 1927, 119, 1634). 
We have not studied C,, and C,, from this point of view, but the 
work of Piper is convincing with respect to these acids. The 
phenomenon of unilateral equilibrium thus makes its appearance as 
the carbon chain is lengthened from 11 to 13 carbon atoms. Its 
appearance is associated with a marked change in the nature of the 
X-ray spacings given by the 8-form. At this point, there is an 
increase in complexity of the spacings found by X-ray analysis for 
the crystals at room temperature. For C,,, Piper finds only the 
A’ spacing, but for C,, and C,, the three spacings A’, B’, and D’ 
occur. The 8-forms of C,, and C,; are thus mixtures of three 
modifications. C,, shows B’ and D’, and higher acids only the B’ 
spacing (see Table ITT). 

The occurrence of several spacings side by side in these one- 
component systems is a matter of considerable interest. Piper’s 
work > ‘’ even acids indicates that they are not affected by 

R 
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changes of temperature, and thus the forms giving rise to these 
spacings are probably not in equilibrium with one another. Meta- 
stable forms would be expected to occur with lengthening of the 
hydrocarbon chain so that the appearance of the B’ and D’ spacings 
for the first time at C,, is readily understood if these spacings are 
given by metastable modifications. An explanation of the non- 
occurrence of these forms in the case of C,, is that with this acid 
they pass readily into the A’ spacing. Not only are B’ and D’ 
metastable over the lower temperature range for C,;, but also 
the A’ spacing is metastable in the higher temperature range where 
C’ is the stable spacing. The transition phenomena and the first 
appearance of the B’ and D’ spacings are thus explicable on the 
same basis. 

The heats of transition « -. 8 are now known from C, to C,,,* 
except for a few gaps, and are givenin Table III. It will be observed 
that a discontinuity occurs between C,, and C,,; this corresponds 
to the appearance of the B’ and D’ spacings in the @-form. A 
steady value of 1-5 Cals. is reached from C,, onwards, and this is 
probably the heat of transition of the C’ into the B’ spacings. 


No. of C 
17 23 25 
o’ ae 
B’ pon op 
D’ —_ — 
Transition —5°to +17°to +23° to +34°to +53° to +72° to +76° to 
interval ... —I11° +12-5° +16° +28° +37° +54° ++54° 
Qa_p (Cals./ 
1.) 1-84 0-94 1-20 1-55 1-62 1-47 
Another feature of the curves shown in Figs. 2 and 3 is the lack 
of sharpness in melting and transition. These changes take place 
not at one temperature, as is found for many substances, but over a 
range of temperatures. Were it not for the fact that the melting 
and setting points of the acids used agree with the highest values 
yet observed for these acids, one would be inclined to ascribe this 
lack of sharpness to impurity: the well-known difficulty met with 
in the purification of long-chain acids might be the cause of these 
phenomena, Professor Francis is shortly publishing an account of 
the difficulties involved in the separation of the acids present in 
cerotic, arachidic, and other acids, which brings out very clearly 
the nature of the difficulties. In none of the five cases so far studied 


* ©, does not give a f-form. The transition temperature is probably too 
low for the change a— to occur. 
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in detail do the changes of state occur sharply, although acids from 
different sources have been employed, and purified as long as any 
change in melting point could be observed.* It is thus not improb- 
able that the effects observed are due to some cause other than 
that of impurity. 

The melting point of these acids depends on the thickness of the 
crystalline film. Meissner (Z. anorg. Chem., 1920, 110, 169), by 
using the method suggested by Tammann (ibid., p. 166), in which 
wedge-shaped lamellz are formed between a cylindrical lens and a 
metal plate, obtained a decrease of 0-3° in the melting point of 
myristic acid as the thickness diminished from 10 » to 0-8 yu. The 
gradual melting of these acids may be associated with this fact, 
Melting may first occur along the line of junction between the 
differently oriented crystal grains, due to the action of unsym- 
metrical forces. The thickness of the molten film would be expected 
to increase with rise in temperature. The same phenomenon could 
arise during the transition «+8, and this, together with the 
irreversible phenomena observed, would account for the transition 
interval found for these acids. 


EXPERIMENTAL. 
With the exception of the C,, acid, which was obtained from the 


Eastman Kodak Company and recrystallised until it gave a constant 
setting point, all the acids were prepared by Professor Francis and 
Dr. Malkin in the Bristol laboratory. They were white crystalline 
substances, melting to practically colourless liquids which tended to 
become slightly yellow towards the end of the series of experiments— 
this may be due to the formation of small quantities of salts with the 
alkali of the glass. In the case of cerotic acid, a minute amount 
of soap was found to be present in the acid at the end of the 
experiments. 

The experimental procedure was identical with that described in 
a previous paper (Garner and Randall, J., 1924, 125, 881). The 
water equivalent of the calorimeter was determined at the beginning 
of the work, with the container used by previous investigators : 
the mean of six determinations gave a value of 345-9, compared with 
345-5 obtained by Rushbrooke. The water equivalent was again 
determined at the end of the work, when another container made 
of different glass was used. A mean of eight determinations gave 
a value of 345-4, showing that the water equivalent had remained 
constant for two years. In all calculations of specific heat and heat 


* Melting points of these acids as determined by Professor Francis lie about 
1° higher than the setting points. 
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of crystallisation, the water equivalent was taken as 345-7, the mean 
of the two series of determinations. 

For Cy, C4, cerotic acid, and some experiments with C,,, the 
acid containers were made of glass used by Garner, Madden, and 
Rushbrooke. For C,3, C,;, and part of the C,, series, new glass of 
different specific heat was used. The values of the specific heat 
over three ranges of temperature for the new glass were : 

Temp. range 18—56° 17—78° 18—99° 
Specific heat 0-1999 0-2018 0-2049 

The specific heats and heats of crystallisation of Cy., ©,, and 
cerotic acid were calculated as described previously. In the case 
of C,,, Cy3, and C,;, where the temperature coefficient of the specific 
heat was high, a graphical method was employed (see previous 
papers). The temperature coefficients of the specific heat of C,., 
Cog, and C,, are given in Table IV, where they are compared with 
the results of Parks and Kelley (J. Amer. Chem. Soc., 1925, 47, 
3089) on palmitic acid. The high values for the temperature 
coefficient near the melting point may indicate some transformation 
occurring in the solid state. If this is so, the values given for the 
heat of transition will be rendered ‘somewhat uncertain. In the 
calculation of the heats of transition, the mean specific heats of the 
following ranges of temperature are taken as the basis of calculation : 
33-95—52-97° for C,,, 56-1—71-15° for C,,, and 56-2—72-2° for 
Cys. 

TABLE IV. 
Temperature Coefficients of Specific Heat. 


Acid. Temp. range. Temp. coeff. Acid. Temp. range. Temp. coeff. 
*C,, —57-6 to —35-1° 128910 Cys 26-4—45-3° 2973x10~ 
— 35-1 ,, 1-9 2622 45:3—63-1 4916 
19 ,, 195 2727 C,, 27 —45-8 1925 
Cy, 26—43-5 3383 45-8—64 4641 


* Parks and Kelley (loc. cit.). 


The experimental data for the specific heats and heats of crystal- 
lisation are given in the following tables. Those for cerotic, 
behenic, and lignoceric acids are given in full, for they contain the 
minimum of data necessary for a recalculation. For the other 
three acids, the data are restricted to results above the m. p., and 
those at the lowest temperature in each case. Other results are 
represented on the curves of Fig. 3, from which the specific heats of 
the «-forms and the heat of transition « — 8 are read off directly. 

The temperature of the thermostat is given in the second column, 
and the temperature of the calorimeter varied from 17° to 20°. 
In many of the experiments carried out on the specific heat below 
the melting point, the acid was solid on being placed in the 
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thermostat for heating. In other experiments, however, the acid 
was molten when placed in the thermostat, and was allowed to 
crystallise at the high temperature. By this means, the a-form of 
the odd acids was obtained. The length of time necessary for 
complete crystallisation was tested with margaric acid in Expts. 32 
and 33, which were carried out under identical conditions, except 
that in 32, the time allowed for crystallisation before the acid was 
added to the calorimeter was 80 mins., and in 33, 125 mins. Results 
showed that 80 mins. was not long enough for complete crystallis- 
ation. Expts. 34 and 35 led to the same conclusion. In Expts. 35 
and 36, the same rise was obtained for 110 mins. and for 160 mins., 
respectively. Therefore in all succeeding experiments involving 
crystallisation at a high temperature, a minimum time of 110 mins. 


was allowed. 
Behenic acid : setting point, 79-15°. 


[Weight of acid, 6-2013 g.; glass (old), 4-5123 g.; platinum, 0-2012 g.; 
nickel, 1-9026 g.] 
Upper Fall in Rise in 
Expt. No. temp. temp. temp. 
1—3 71-68° 53-67° 0-634,° 
4—8 108-91 89-86 2-101, 
9—14 79-93 61-07 1-715 
I. From Expts. 1—3 (71-68—18-01°), og = 0-4854 cal./g. 
Dies ran » 4—8,9—l4,andI, oz, = 0-5556 cal./g.; 
Q = 55-09 cal./g. 


Lignoceric acid : setting point, 83-14°. 


[Weight of acid, 4-8016 g.; glass (old), 4-0323 g.; platinum, 0-1886 g.; 
nickel, 3-9831 g.] 

Upper Fall in Rise in 
Expt. No. temp. temp. temp. 

1—3 78-34° 60-16° 0-602,° 
4—8 87-11 68-54 1-490, 
9—12 109-33 90-13 1-7503 

I. From Expts. 1—3 (78-34—18-18°), og = 0-4656 cal./g. 


| ee » 4—8,9—12,andI, oz = 0-5855 cal./g.; 
Q = 57-27 cal./g. 


Cerotic acid : setting point, 76-05°. 


[Weight of acid, 5-808 g.; glass (old), 4-532 g.; platinum, 0-1886 g.; nickel, 
(Expts. 1—2) 1-916 g., (Expts. 3—11) 1-807 g.] 
Upper Fall in Rise in 
Expt. No. temp. temp. temp. 
1—2 64-61° 46-83° 0-518,° 
3—4 70-67 53-31 0-596, 
5—8 78-96 60-51 1-554 
9—11 109-25 90-10 1-939. 
I. From Expts. 1—2 (64-61—17-78°), og = 0-4711 cal./g. \Mean = 0-4750 
II, 3—4 (70-67—17-36°), os = 0-4789 cal./g. f cal./g. 
» 5—8,9—11,I, andII, oz = 0-5712 cal./g.; 
Q = 52-26 cal. /g. 


99 
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Margaric acid : setting point, 60-81°. 


Expt. No. Acid, g. Glass, g. Platinum,g. Nickel, g. 
3—12 7-0661 5-5713 (Old)  0-1879 2-6156 
19—21 6-5297 5-5607 (Old) 0-1457 3-6431 
24—26 ” ” ” 2° 3-9831 
59—63 6-0245 3-6876 (New) 00-1118 1-0442 
Upper Fallin Rise in Expt. Upper Fallin 
temp. temp. temp. é‘ 3 temp. temp. 
52:57° _ 35-06° 0-462,° 99-13° 79-70° 
39-36 21:80 0-275, 52-97 33°77 
30-26 12-61 0-159, 33-95 15-27 
64-23 44-93 1-548, 
I. From Expts. 10, 11, 12 (18-—-39-36°), sg = 0-4302 cal./g. 
7 ities »  38—5,10 (39-36—52-57°), osg = 0-5063 cal./g. 
* » on (18—33-95°), ogg = 0-4236 cal./g. 
»» 63, 59 (33-95—52-97°), og = 0-4828 cal./g. 
»»  19—21, 24—26,andIV, o, = 0-5604 cal./g. 
Qa = 45:19 cal./g.; 
Qs = 50-93 cal./g. 
Heat of transition a—>f = 1-55 Cals./mol. 


Tricosanic acid : setting point, 78-69°. 
[Weight of acid, 4-6976 g.; glass (new), 3-6724 g.; platinum, 0-1462 g¢.; 
okel, 2-9586 g.] 

Expt. Upper Fallin Rise in Expt. Upper Fallin Rise in 
No. temp. temp. temp. No. temp. temp. temp. 
5 71-15° 52-09° 0-499,° 11—13 108-79° 89-14° 0-644,° 
8 56-10 37-41 0-342, 14—17 87-16 68-05 1-411, 
9 34-62 16:39 0-142, 


I, From Expt. 9 (18—34-62°), ogg = 0-4166 cal. /g. 

a. te »» 9, 8 (34-62—56-1°), ogg = 0-4728 cal. /g. 
It. ‘» » 8, 5 (56-1—71-15°), ogg = 0-5603 cal./g. 
avi, ; ae »»  1L1—13, 14—17, and ITI, oz = 0-5762 cal./g. 

Qa = 49-66 cal./g.; 
Qe = 54-23 cal./g. 
Heat of transition of a—>f = 1-62 Cals./mol. 


Pentacosanic acid : setting point, 82-91°, 


[Weight of acid, 5-8457 g.; glass (new), 5-8360 g.; platinum, 0-1607 g.; 
nickel, none used. ] 


Expt. Upper Fallin Rise in Expt. Upper Fallin Rise in 


No. temp... temp. temp. No. temp. temp. temp. 

4—7 87-72° 67-66° 1-737,° 29 56-20° 38-88° 0-418,° 

8—l1 109-81 90-10 2-037, 30 56-20 38-54 0-411, 
77-20 5424 0-610, 32 35°46 16-90 1-174, 


. 32 (20—35-46°), osg = 0-4146 cal./g. 
82, 29, 30 (35-46—56-20°) og, = 0-4508 cal./g 
28, 29, 30 (56-2—72-2°), os = 0-535] cal./g. 
4—7, 8—11, and ITI, oz, = 0-5769 cal./g.; 
Qa = 52-30 cal./g. ; 
Qg = 56-14 cal./g. 
Heat of transition of a—>f = 1-47 Cals./mol. 
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The values for the mean specific heats of the higher members of 
the series in the liquid state, viz., 

Ci, Co. Cy; Co, C,; 

0-56 0-56 0-58 0-59 0-58 
support the observations of Garner, Madden, and Rushbrooke (loc. 
cit.) that there is a slight rise in specific heat in the liquid state as 
the series is ascended. 

The values for the heat of transition of the «- to the 8-form are 
constant within the experimental error for the three acids investig- 
ated (viz., 1-55, 1-62, and 1-47 Cals./mol. for C,,, Cy3, and Cys, 
respectively). 

Summary. 

(1) The heats of crystallisation of the following acids have been 
measured and are given in Cals./g.-mol.: Margaric, 12-22; tricos- 
anic, 17-60; pentacosanic, 20-00; behenic, 18-75; lignoceric, 21-10; 
that of cerotic acid is 52-25 cals./g. Q and Q/T when plotted 
against » give linear relationships. Cerotic acid is an exception, 
but this is a mixture of at least two acids. 

(2) The equation 7°, = (0-965ln — 4-49)/(0-002505n — 0-0071) 
has been obtained for the setting points of the odd acids, and gives 
a curve of similar shape to that previously obtained for the even 
acids. There is a difference of 3° in the convergence temperatures 
of the odd and even acids, which is almost within experimental error. 

(3) A detailed study of the transition of the «- and 6-forms of 
the odd acids has been made, and the heats of transition «— 6 
have been measured. For acids above C,, the change B — « does 
not occur readily on raising the temperature. This lack of reversi- 
bility is considered to provide a further example of unilateral 
equilibrium. The results are correlated with the X-ray measure- 
ments of Piper, and in agreement with his results, it is shown that 
metastable forms make their appearance on passing from C,, to C,5. 


We wish to express our thanks to Professor Francis and Dr. 
Malkin for the loan of specimens of normal fatty acids. 


THe University, BrIsToL. [ Received, June 28th, 1929.] 





CCXLIITI.—Stereoisomerism in Substituted 1:2:3:4- 
Tetrahydroquinolines. Part I. 
By Sypnzy GLENN Preston PLant and Reacimnatp Jonn Rosser. 


It has been shown that octahydroacridine (I; n = 2), hexahydro- 
carbazole (II), and 2:3:4:5:12:13-hexahydro-B-quinindene 
([; »= 1) exist in two stereoisomeric modifications, depending 
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upon the cis- and trans-unions respectively of the two reduced 
ring systems, and that the relative amounts of the two forms pro- 
duced in any of these cases during the appropriate reduction process 
can be accounted for very satisfactorily by considering the strains 
in the various multiplanar configurations involved (Perkin and 
Plant, J., 1928, 639). It has been mentioned, however, that these 
considerations of strain are not the only factors concerned in the 


H, 


‘in H, : NH 
(I.) . (III.) 


problem, and that the nature of the reducing agent can have some 
influence on the proportions of the stereoisomerides formed. In 
the previous work, attempts were made to eliminate this latter 
factor by using standard reducing conditions throughout, but, 
although the results obtained were in close agreement with the 
theoretical deductions, it is still uncertain how far these really 
determine the relative amounts of the products formed. In the 2: 3- 
disubstituted tetrahydroquinolines of the type (III), where the fully 
reduced carbocyclic system of the substances (I; » = 1 or 2) is no 


longer present, these strain factors, which are discussed in detail 
in the communication referred to, do not enter. It became apparent, 
therefore, that a study of the products formed by reducing 2 : 3-di- 
substituted quinolines (IV) under various conditions might throw 
considerable light upon the importance to be attached to the views 
already mentioned. 


CO H, CO 


OO NH 
(V.) 


(IV.) (VI.) 


Although it is clear that 2: 3-dimethyl-1 : 2 : 3 : 4-tetrahydro- 
quinoline (III; R = Me) can exist theoretically in cis- and trans- 
modifications, these do not appear to have been described hitherto. 
Consequently, the behaviour of 2: 3-dimethylquinoline towards 
certain reducing agents has now been studied, and in each case the 
product has been separated into two stereoisomeric tetrahydro- 
derivatives. As it is not known which of these has the cis-con- 
figuration, or which the trans-, they have been called (A) and (B), 
the designation (A) being assigned to the higher-melting base in 
accordance with the procedure adopted in the related compounds. 
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2: 3-Dimethyl-1 : 2 : 3 : 4-tetrahydroquinoline (A) is a base, m. p. 
38—39°, which gives a hydrochloride (m. p. 240—243°), a benzoyl 
derivative (m. p. 92°), and a picrate (m. p. 178°), whilst the stereo- 
isomeric base (B) is a liquid at ordinary temperatures, giving a 
hydrochloride (m. p. 169—170°), and a benzoyl derivative (m. p. 
96—97°). It was found that with tin and alcoholic hydrochloric 
acid as the reducing agent, the ratio of the amounts of (A) and (B) 
present in the product was approximately 1:10; with zinc and 
alcoholic hydrochloric acid, 4:3; by electrolytic reduction, 8 : 3; 
and with sodium and alcohol, 1:1. The reduction of 2 : 3-di- 
methylquinoline with sodium and alcohol has previously been 
investigated by Ferratini (Gazzetta, 1893, 23, ii, 112), who apparently 
considered the 2 : 3-dimethyltetrahydroquinoline formed (an oil, 
b. p. 254—255°/759 mm.) to be a single substance, giving a hydro- 
chloride, m. p. 210—215°. It has now been found that, on dis- 
solving the basic product in hot dilute hydrochloric acid, a solid 
separates, on cooling, and melts at 214—218°, but this is a mixture 
of the two stereoisomeric hydrochlorides already mentioned. The 
catalytic hydrogenation of 2:3-dimethylquinoline by hydrogen 
under pressure at about 150°, in the presence of nickel, has been 
studied by von Braun, Gmelin, and Schultheiss (Ber., 1923, 56, 
1344), who state that their product consisted of a mixture of 2 : 3-di- 
methyl-1 : 2: 3 : 4-tetrahydroquinoline (a liquid, b. p. 127—128°/ 
13 mm., giving a benzoyl derivative, m. p. 94—95°, and a hydro- 
chloride, m. p. 154°) and 2: 3-dimethyl-5 : 6: 7 : 8-tetrahydro- 
quinoline. There can be little doubt that the former of these two 
products is identical with the base (B) now described, but the m. p. 
of its hydrochloride suggests that it was not quite pure. 

Since the reduction of tetrahydroacridone (V) with sodium 
amalgam gave only one of the two modifications of octahydro- 
acridine (1; » = 2) (Perkin and Sedgwick, J., 1924, 125, 2437), it 
was thought that a study of the action of this reagent on 4-keto- 
2: 3-dimethyl-1 : 4-dihydroquinoline (VI) would be interesting. 
It was found that, if a large excess of the reducing agent was 
employed, a mixture of the two dimethyltetrahydroquinolines 
(A) and (B) in the proportion of 4 : 3 again resulted, but if a smaller 
quantity of sodium amalgam was used, the product consisted very 
largely of 2 : 3-dimethylquinoline. These results suggest that the 
mechanism of the reduction of these keto-compounds involves the 
formation of the quinoline derivative as an intermediate step. 

It was then decided to investigate the reduction of 2 : 3-dipheny]- 
quinoline (IV; “R= Ph) to 2: 3-diphenyl-l : 2 : 3 : 4-tetrahydro- 
quinoline (III; R = Ph), and it has been found that the use of 
certain reducing agents leads readily to a mixture of two stereo- 
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isomerides, which have again been designated (A) and (B). Thus, 
by employing zinc dust and alcoholic hydrochloric acid, or sodium 
and alcohol, relatively considerable amounts of the two forms were 
isolated, but, when the reduction was carried out with tin and 
alcoholic hydrochloric acid, or catalytically with the aid of colloidal 
platinum, no appreciable quantity of the (B) form appeared to be 
present, although good yields of the (A) modification were obtained 
in each case. These investigations are being continued in several 
directions. 
EXPERIMENTAL. 


2 : 3-Dimethylquinoline.—The following procedure was found to 
be satisfactory for the preparation of the relatively large amounts 
of 2:3-dimethylquinoline used in these experiments (compare 
Pfitzinger, J. pr. Chem., 1897, 56, 315; von Braun, Gmelin, and 
Schultheiss, loc, cit.). A mixture of isatin (100 g.), aqueous sodium 
hydroxide (2150 c.c. of 11-59%), and methyl ethyl ketone (150 g.) 
was heated under reflux on the steam-bath for 8 hours, excess of 
the ketone was removed by distillation, and the residue diluted 
with water (1200 c.c.) and then allowed to cool. After filtration, 
the solution was heated to boiling and acidified with acetic acid, 


and on cooling and standing, 2 : 3-dimethylquinoline-4-carboxylic \ 


acid, together with some 2-ethylquinoline-4-carboxylic acid, 
separated gradually. After 24 hours, the product was collected, 
recrystallised from water, and then distilled under the ordinary 
pressure from an oil-bath, the temperature of which was raised 
slowly from 310° to 350°. The mixture (40 g.) of 2 : 3-dimethyl- 
quinoline and 2-ethylquinoline obtained in this way was dissolved 
in boiling alcohol and treated with a hot alcoholic solution of picric 
acid (60 g.), whereupon, after 10 minutes’ boiling and stirring, the 
picrate of 2; 3-dimethylquinoline separated in a pure condition 
(m. p. 228°), It was collected by filtration of the hot mixture, and 
decomposed by dilute ammonia, the 2 : 3-dimethylquinoline being 
extracted with ether. After drying over potassium carbonate and 
removing the solvent, the base was crystallised from light petroleum 
and obtained in colourless prisms (20 g.), m. p. 68°. The hydro- 
chloride. was prepared by passing hydrogen chloride through 4 
solution of the base in dry ether, and separated readily from absolute 
alcohol in colourless prisms, m. p. 244°. 


Reduction of 2 : 3-Dimethylquinoline. 
(a) With Tin and Alcoholic Hydrochloric Acid.—To effect complete 
reduction of the base a large excess of the reducing agent was re- 
quired. A mixture of 2: 3-dimethylquinoline (4 g.), alcohol (100 c.c.), 
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granulated tin (55 g.), and hydrochloric acid (130 ¢.c.) was boiled 
under reflux for 60 hours, the acid being added in portions at intervals 
of about 10 hours. After filtering and washing the residue with 
boiling alcohol, the united liquids were heated on the steam-bath 
to remove as much alcohol as possible, made alkaline by the gradual 
addition of sodium hydroxide (130 g., in concentrated aqueous 
solution), and the whole was submitted to steam distillation for 4 
hours. The distillate was shaken with ether, the ethereal solution 
was dried over potassium carbonate, and, after removal of the 
solvent, an oily mixture (3°5 g.) of the two 2 : 3-dimethyl-1 ; 2; 3 :4- 
tetrahydroquinolines remained. This was dissolved in dry ether 
and treated with dry hydrogen chloride, and after removing the ether, 
the mixed hydrochlorides were obtained as an almost colourless, 
hygroscopic mass. After several recrystallisations from absolute 
alcohol, the hydrochloride of 2 : 3-dimethyl-1 : 2 : 3 : 4-tetrahydro- 
quinoline (A) was isolated in clusters of colourless prisms, m. p. 
240—243° (Found: C, 66-9; H, 8-2; N, 7-2. C,H, NCI requires 
C, 66-8; H, 8-1; N,7-1%). A mixture with 2 : 3-dimethylquinoline 
hydrochloride (m. p. 244°) melted below 200°. The alcoholic 
mother-liquors from the hydrochloride (A) were evaporated to 
dryness, the residue was treated with an excess of warm aqueous 
potassium hydroxide, and the product was extracted with ether. 
After drying and distilling off the solvent, the residue was shaken 
with benzoyl chloride (3-5 g.) and dilute aqueous sodium hydroxide ; 
the resulting 1-benzoyl-2 : 3-dimethyl-1 : 2 : 3 : 4-tetrahydroquinoline 
(B) crystallised from alcohol in colourless prisms, m. p. 96—97° 
(Found: C, 81:7; H, 7-4. C,,H,,ON requires C, 81-5; H, 7-2%). 
After a mixture of the benzoyl compound (0-6 g.), potassium 
hydroxide (5 g.), water (5 ¢.c.), and alcohol (20 ¢.c.) had been boiled 
for 30 hours and the alcohol then removed by distillation, the 
corresponding base remained as an oil. By passing dry hydrogen 
chloride into its solution in dry ether and allowing the mixture to 
remain in a desiccator, the hydrochloride (B) was obtained in hygro- 
scopic, colourless needles, m. p. 169—-170°. From the amounts of 
the products obtained, it was estimated that the two bases (A) and 
(B) were present in the proportion of approximately 1:10 in the 
reduction product under these conditions. 

2: 3-Dimethyl-1 : 2 :3 : 4-tetrahydroquinoline (A), obtained from 
its hydrochloride by the action of alkalis, separated from light 
petroleum in colourless prisms, m. p. 38—39°; its benzoyl derivative 
obtained by shaking the base with benzoyl chloride and dilute 
aqueous sodium hydroxide, separated from alcohol in colourless 
prisms, m. p. 92° (Found: N, 5:5. ©C,,H,,ON requires N, 5-3%). 
A mixture with the benzoyl compound (B) melted at 69—73°. 
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The picrate of 2: 3-dimethyl-1 : 2:3: 4-tetrahydroquinoline (A) 
separated from alcohol in bright yellow prisms, m. p. 178°. 

(b) With Zine and Alcoholic Hydrochloric Acid.—It was found 
that for complete reduction a large excess of the reagent was again 
required. A mixture of 2: 3-dimethylquinoline (3 g.), alcohol 
(105 ¢.c.), and zine dust (55 g.) was boiled under reflux for 70 hours, 
whilst concentrated hydrochloric acid (100 c.c.) was added gradually 
in portions. The reaction mixture was then submitted to a process 
similar to that described above, in order to separate the bases present. 
Although the yield of mixed bases amounted to only 30% of that 
theoretically possible, the amounts of the products isolated indicated 
that in this mixture the tetrahydro-compounds (A) and (B) were 
present in the proportion of approximately 4 : 3. 

(c) Electrolytic Reduction—A _ solution of 2: 3-dimethyl- 
quinoline (4 g.) in sulphuric acid (200 c.c. of 20%) was submitted 
to electrolytic reduction for 8 hours in the cathode compartment of 
a cell, lead electrodes and a eurrent of 4 amps. (approximately 
0-02 amp./cm.? of cathode) being used, and the temperature being 
kept at 95—100° by immersing the cell in boiling water. The 
reduction was then complete, and, after filtering the solution and 


making it alkaline with concentrated aqueous potassium hydroxide, . 


the free bases were removed by steam distillation, and investigated 
as before. It was estimated that the proportions of the bases (A) 
and (B) present were approximately as 8 to 3. 

(d) With Sodium and Alcohol—aA solution of 2 : 3-dimethyl- 
quinoline (6 g.) in absolute alcohol (120 c.c.) was kept boiling 
under reflux and treated gradually with sodium (17 g.). After 
decomposing any unchanged sodium by adding a small quantity 
of alcohol, the mixture was diluted with water and some alcohol 
was removed on the water-bath. The residue was submitted to 
steam distillation, and the mixed bases were examined in the manner 
already described ; it was found that the two tetrahydro-compounds 
(A) and (B) were present in approximately equal amounts. When 
the oily mixture of bases was dissolved in hot hydrochloric acid 
(d 1-08), a mixture of hydrochlorides, m. p. 214—218°, separated on 
cooling. This was probably similar to the product described by 
Ferratini (loc. cit.) as melting at 210—215°. On recrystallising 
this mixture from hydrochloric acid, the hydrochloride (A) (m. p. 
240—243°) was obtained in a pure condition. 


Reduction of 4-Keto-2 : 3-dimethyl-1 : 4-dihydroquinoline. 
The initial material in these experiments was prepared by a method 


analogous to that described by Conrad and Limpach (Ber., 1891, 24, 
2991). A mixture of aniline (18-6 g.) and ethyl acetoacetate (26 g.) 
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was kept over zinc chloride in an evacuated desiccator for 2 days, 
then dissolved in dry benzene (200 c.c.), treated cautiously with 
sodium wire (4-6 g.), and subsequently with methyl iodide (28-4 g.). 
After keeping for some time and warming on the steam-bath for a 
few minutes, water was added and the benzene solution was dried 
and evaporated. The residual ethyl @-anilino-«-methylerotonate 
was heated rapidly to 240°, and the temperature was then raised 
gradually to 260°. The product soon separated as a solid, which 
was then treated with boiling dilute hydrochloric acid and charcoal. 
After filtering and cooling, the hydrochloride of 4-keto-2 : 3-dimethy]- 
] : 4-dihydroquinoline was obtained; it separated from alcohol in 
colourless prisms, m. p. 248—249°, and was decomposed in hot 
aqueous solution by the addition of sodium acetate. The base 
can be crystallised from hot water, and obtained in colourless 
prisms, m. p. 319—320° (rapid heating) (Found: N, 8-1. Cale.: 
N, 8-:1%). 

A mixture of 4-keto-2 : 3-dimethyl-1 : 4-dihydroquinoline (6 g.) 
and alcohol (500 c.c.), to which a little sodium bicarbonate had been 
added, was heated to boiling under reflux, and, during vigorous 
stirring and passage of a continuous stream of carbon dioxide, 
sodium amalgam (750 g. of 4%) was added gradually during 5 hours, 
the whole being then kept vigorously stirred at the boiling point 
for a further 6 hours. The resulting mixture was filtered, and the 
residue well washed with boiling alcohol. After removal of the 
alcohol on the steam-bath, the remainder was submitted to steam 
distillation, and the oily mixture of 2: 3-dimethyl-1 : 2:3: 4- 
tetrahydroquinoline (A) and (B) was examined by the procedure 
already outlined. Approximately 4 parts of the (A) modification 
to 3 parts of the (B) were present. 

When a smaller quantity of sodium amalgam (240 g.) was em- 
ployed in this reaction, the oily product was found to consist very 
largely of 2: 3-dimethylquinoline, since, on dissolving it in hot 
alcohol and adding picric acid, the characteristic picrate (m. p. 
228°) of this latter base separated. 


Reduction of 2 : 3-Diphenylquinoline. 

The 2: 3-diphenylquinoline used in these experiments was 
prepared by a process essentially the same as that described by 
Pfitzinger (loc. cit., p. 299). It was found that if the crude material 
from the decarboxylation of 2 : 3-diphenylquinoline-4-carboxylic 
acid was dissolved in ether and shaken with dilute aqueous sodium 
hydroxide, the crystallisation of the final product was facilitated. 
Its hydrochloride separated as a hygroscopic solid when dry 
hydrogen chloride was passed through a solution of the base in dry 
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ether, and, after crystallisation from absolute alcohol, it was obtained 
in colourless prisms. m. p. 215°. 

(a) With Tin and Alcoholic Hydrochloric Acid —A mixture of 
2 : 3-diphenylquinoline (4 g.), alcohol (150 c.c.), and granulated 
tin (80 g.) was boiled under reflux for 70 hours, whilst concentrated 
hydrochloric acid (160 -c.c.) was added in portions of 20 c.c. at 
intervals. After filtration and removal of the alcohol on the 
steam-bath, the residue was made alkaline with sodium hydroxide 
(160 g. in concentrated aqueous solution). The product was 
extracted with ether, the solution dried with potassium carbonate, 
and, after removal of the solvent, the residual oil rapidly solidified. 
It was crystallised from alcohol (150 ¢.c.), from which a pale yellow 
base (3-1 g.), m. p. 127—128°, separated. After further recrystal- 
lisation from alcohol, pure 2 : 3-diphenyl-1 : 2:3 :4-tetrahydro- 
quinoline (A) was obtained in colourless prisms, m. p. 130—131° 
(Found: C, 88-6; H, 6-8. C,,H, N requires C, 88-4; H, 6-7%). 
The compound did not dissolve in aqueous hydrochloric acid, but 
when dry hydrogen chloride was passed through a solution in 
ether, the hydrochloride of 2: 3-diphenyl-1 : 2 : 3 : 4-tetrahydro- 
quinoline (A) separated, and, after crystallisation from absolute 
alcohol, it was obtained as a colourless solid, m. p. 198—199°. 
The nitrosoamine of the compound (A) separated from alcohol in © 
pale yellow prisms, m. p. 150° (Found: N, 8-9. C,,H,,ON, 
requires N, 8-9%). After boiling a solution of the compound (A) 
in an excess of acetic anhydride for 8 hours, diluting with water, 
and then neutralising with sodium carbonate, 1-acetyl-2 : 3-dipheny]- 
1: 2:3: 4-tetrahydroquinoline (A) was obtained. On crystallisation 
from alcohol it was isolated in small colourless prisms, m. p. 145°. 

(b) With Zine and Alcoholic Hydrochloric Acid —A boiling 
mixture of 2: 3-diphenylquinoline (5 g.), alcohol (130 c.c.), and 
zinc dust (60 g.) was treated during 25 hours with hydrochloric 
acid (110 c.c., added in portions). After filtering and washing the 
residue with boiling alcohol, the united liquors were heated on the 
steam-bath to remove as much alcohol as possible, and then treated 
cautiously with sodium hydroxide (110 g. in concentrated aqueous 
solution). When cold, the whole was thoroughly extracted with 
ether, the solvent removed from the dried ethereal solution, and the 
residue treated with boiling alcohol. There remained an insoluble 
product, which so far has not been obtained crystalline. The 
alcoholic solution was concentrated somewhat, filtered, and poured 
into water, whereby a colourless solid (3 g., melting below 100°) 
was precipitated. After drying over phosphoric oxide, this was 
dissolved in a little chloroform, and, on standing, 2 : 3-dipheny]- 
1:2:3:4-tetrahydroquinoline (A) separated in colourless prisms, 
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m. p. 127—128°. After evaporating the chloroform filtrate, dis- 
solving the residue in dry ether, and passing in dry hydrogen chloride, 
a colourless product, melting indefinitely at 180-——225°, was obtained. 
Recrystallisation of this from absolute alcohol yielded the hydro- 
chloride of 2:3-diphenyl-1 : 2:3: 4-tetrahydroquinoline (B) in 
colourless prisms, m. p. 239—242° (Found: C, 78-7; H, 6-3. 
C,,HagNCl requires C, 78-4; H, 6-2%). On adding dilute aqueous 
potassium hydroxide to the hot alcoholic solution of this hydro- 
chloride, and cooling, 2 : 3-diphenyl-1 : 2 : 3 : 4-tetrahydroquinoline 
(B) was obtained in colourless prisms, which, after recrystallisation 
from alcohol, melted at 92° (Found: C, 88-7; H, 6-9. C,,H,N 
requires C, 88-4; H, 6-7%). The m. p. was greatly depressed by 
admixture with either.the tetrahydro-compound (A) or 2: 3-di- 
phenylquinoline. The nitrosoamine of the compound (B) separated 
from alcohol in clusters of needles, m. p. 138° (Found: N, 8-9. 
C,,H, ,ON, requires N, 8-9%). A mixture with the nitrosoamine of 
the stereoisomeride (A) melted indefinitely at 115—130°. 

Although appreciable quantities of each form of 2 : 3-diphenyl 
1:2:3:4-tetrahydroquinoline were formed in this reduction, it 
was not possible to make a useful estimate of the actual proportions 
on account of the difficulties introduced by the presence of the 
amorphous product mentioned above. 

(c) With Sodium and Alcohol.—A solution of 2 : 3-diphenyl- 
quinoline (5 g.) in absolute alcohol (125 c.c.) was boiled under reflux, 
and treated gradually with sodium (20 g.). After about # hour 
any excess of sodium was removed by the addition of alcohol, the 
whole was diluted with water, and as much alcohol as possible was 
removed on the steam-bath. On cooling, the product solidified, 
and, after collection and crystallisation from alcohol, 2 : 3-diphenyl- 
1:2:3:4-tetrahydroquinoline (A) (3-4 g.) was obtained. The 
mother-liquor was concentrated and then diluted with water; the 
precipitated solid was dried over phosphoric oxide, dissolved in dry 
ether, and treated with hydrogen chloride. The mixed hydro- 
chlorides (1:8 g., m. p. 207—235°) were crystallised from absolute 
alcohol, from which the hydrochloride of 2 : 3-diphenyl-1 : 2 : 3: 4- 
tetrahydroquinoline (B) (m. p. 239—-242°) separated. The alcoholic 
mother-liquor yielded a small additional quantity of the compound 
| (A) when it was made alkalineand the solid crystallised from alcohol. 
It was estimated that the tetrahydro-compounds (A) and (B) were 
present in thereduction product in the proportion of approximately 
4:1. 

(d) Catalytic Reduction—A solution of 2: 3-diphenylquinoline 
(2 g.) in glacial acetic acid (50 c.c.) was added to a colloidal platinum 
solution (50 ¢.c., prepared according to the directions of Skita and 
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Meyer, Ber., 1912, 45, 3579), and the mixture was vigorously 
stirred for 3 days in an atmosphere of hydrogen, during which time 
the theoretical quantity of hydrogen (320 c.c.) was absorbed. The 
resulting mixture was filtered, the product washed with water, and 
then crystallised from alcohol, from which 2 : 3-diphenyl-1 : 2 : 3 : 4. 
tetrahydroquinoline (A) (1-3 g.) separated in clusters of colourless 
prisms, m. p. 130—131°. The aqueous acetic acid filtrate, on being 
made alkaline and extracted with ether, yielded nothing crystalline, 
so that the reduction product consisted essentially of the single 
modification (A) of the tetrahydro-compound. 


One of us (R. J. R.) wishes gratefully to acknowledge the receipt 
of a grant from the Department of Scientific and Industrial Research 
which has enabled him to take part in this investigation. 

THE Dyson Perrins LABORATORY, OxFoRD. [Received, July 15th, 1929.] 





CCXLIV.—Replacement of Halogen in orthoBromo- 
benzoic Acid. 
By Witu1aM RoBert Harpy Hurt Ley. 


UnpeErR the catalytic influence of copper the halogen in o-bromo- 
benzoic acid is much more reactive than is commonly realised. 
Rosenmund and Harms (Ber., 1920, 53, 2231) obtained salicylic 
acid by boiling an aqueous solution of sodium o-bromobenzoate with 
sodium §-naphthalenesulphonate for 4 hours with ‘‘ Naturkupfer 
C” as catalyst, but it has now been found that in sodium acetate 
solution in the presence of copper acetate the conversion into 
salicylic acid is completed in 30 minutes. Moreover, reaction 
between sodium o-bromobenzoate and the sodium derivatives of 
ethyl malonate, ethyl acetoacetate, ethyl acetonedicarboxylate, 
acetylacetone and benzoylacetone in boiling alcohol takes place with 
unexpected ease, the halogen being replaced. The presence of 
copper-bronze or copper acetate is necessary; the latter appears to 
be the more vigorous catalyst, but the former gives purer products 
and was used where possible. 

With acetylacetone and ethyl malonate the simple products of 
substitution (I) and (II) were isolated. The acetylacetone compound 


Ac, CH(CO,Et), CH,°CO,Et CH,Bz 
O,H O,.H CO,H CO,H 

(I.) (II.) (III.) (IV.) 
gives a red coloration with ferric chloride, is oxidised by alkaline 


permanganate solution to phthalic acid, and, on evaporation to dry- 
ness of its solution in ammonia, gives methylisocarbostyril (m. p.211°) 
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in good yield. Homophthalic acid is obtained from the malonic 
ester derivative by treatment with warm 2N-sodium hydroxide. 

From ethyl acetoacetate and ethyl acetonedicarboxylate the only 
product which could be isolated was, in each case, monoethyl 
homophthalate (III), but this was obtained in good yield. The 
reaction with benzoylacetone was similarly rapid and gave a good 
yield of halogen-free material, probably 8-deoxybenzoin-o-carboxylic 
acid (IV), since oxidation produced a mixture of benzoic and phthalic 
acids but no acetic acid. 

The sodium derivatives of certain phenols which exhibit tautomeric 
behaviour react with replacement of the bromine in sodium o-bromo- 
benzoate. Notably with the monosodium derivative of resorcinol 
reaction occurs almost instantaneously in boiling aqueous solution 
on the addition of a little copper sulphate. An almost colourless 
crystalline substance is precipitated, though not in very good yield. 
The compound is probably the lactone of 2’ : 4’-dihydroxydiphenyl- 
2-carboxylic acid, since it yields fluorene on distillation with zinc 
dust and a methoxy-lactone and a dimethoxy-acid on methylation. 

As the presence of copper in some form was essential to the 
success of the above reactions, it was of interest to investigate the 
action of copper powder alone on the bromo-acid and on its sodium 
salt. When a powdered mixture of o-bromobenzoic acid (1 mol.) 
and copper-bronze (2 atoms) was heated at 160°, rapid reaction 
occurred and a pale green powder was obtained consisting of cuprous 
bromide and cuprous benzoate : 

2C,H,Br-CO,H + 4Cu —> 2C,H;°CO,Cu + Cu,Br,. 
A solution of the acid in boiling water was similarly converted by 
copper into benzoic acid, but diphenic acid also was obtained in 
about 7% yield. Good yields (43%) of diphenic acid can be 
obtained only by heating a powdered mixture of potassium o-bromo- 
benzoate with excess of copper-bronze at 100° and stirring in a small 
quantity of water. Reaction then occurs instantaneously. 

Ethyl o-bromobenzoate would readily enter into none of the above 
reactions (compare Anschiitz and Jansen, Ber., 1922, 55, 681), nor 
would p-bromobenzoic acid or o-bromonitrobenzene. The non- 
reactivity of p-bromobenzoic acid is possibly explained by the 
insolubility of the free acid and of its sodium salt in alcohol. 


EXPERIMENTAL. 
Salicylic Acid.—A solution of 3 g. of sodium o-bromobenzoate, 
6 g. of sodium acetate, and 0-5 g. of copper acetate in 60 c.c. of water 
was boiled under reflux for 30 minutes. When the acidified solution 
was cooled, salicylic acid crystallised. 
Phenylacetylacetone-o-carboxylic acid (I) (3-5—4 g.) was obtained 
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by boiling a solution of sodium (1:15 g.), o-bromobenzoic acid 
(5 g.), and acetylacetone (2-5 g.) in absolute alcohol (25. ¢.c.) in 
presence of copper bronze (0-1 g.) for 3 hours and acidifying the 
cooled, diluted solution. It crystallised from aqueous alcohol in 
colourless needles, m. p. 142° (Found : C, 65-5; H, 5-6. C,.H,,0, 
requires C, 65-5; H, 55%). Boiling aqueous alkali produced from 
it a poor yield of o-carboxybenzyl methyl ketone, m. p. 115°, which 
gave no coloration with ferric chloride. 

Ethyl o-Carboxyphenylmalonate (I1).—o-Bromobenzoic acid (5 g.) 
and ethyl malonate (4 g.) were added together with copper acetate 
(0-2 g.) to a solution of sodium (1-15 g.) in alcohol (25 c.c.). The 
solution was boiled for 8 hours, diluted with water, filtered, and 
acidified. The precipitate solidified on scratching and crystallised 
from benzene-ligroin in pink square plates, m. p. 102° (Found: 
C, 59-3; H, 5-7. C,,H,,0, requires C, 59-6; H, 5-7%). 

Ethyl hydrogen homophthalate (III) was obtained by dissolving 
sodium (1:15 g.) in alcohol (25 c.c.), adding o-bromobenzoic acid 
(5 g.), ethyl acetoacetate (3-25 g.), and copper-bronze (0-1 g.), and 
boiling the solution obtained for 2—3 hours. The product, worked 
up as in previous preparations, separated from hot water in long 
colourless needles, m. p. 109° (yield, about 5 g.). 

The same compound was obtained when the acetoacetic ester was 
replaced by ethyl acetonedicarboxylate, but the yield was not so good. 

8-Deoxybenzoin-o-carboxylic acid (IV) was similarly obtained, 
benzoylacetone (4-1 g.) being used in place of ethyl acetoacetate. 
It crystallised from alcohol in flat needles, m. p. 168° after sintering 
at 145° (Gabriel, Ber., 1885, 18, 2446, gives m. p. 162—163° after 
sintering at 140°) (Found: C, 75-0; H, 5-2. Cale, for C,,H,,0,: 
C, 75:0; H, 5-0%). 

The lactone of 2’ : 4'-dihydroxydiphenyl-2-carboxylic acid was 
obtained by boiling a solution of o-bromobenzoicacid (5 g.), resorcinol 
(5 g.), and sodium hydroxide (2 g.) in 50 c.c. of water. On addition 
of 10% copper sulphate solution (2 ¢c.c.) a crystalline precipitate 
(3-5 g. after washing with water) was almost immediately formed. 
(The use of alcohol as solvent failed to improve the yield. By 
carrying out the reaction in molten resorcinol the same product 
was obtained, and not a derivative of diphenyl ether, as would be 
expected, by the Ullmann reaction.) The lactone was very sparingly 
soluble in the common solvents and crystallised from glacial acetic 
acid or amyl alcohol in fine colourless needles, m. p. 232° (Found: 
C, 73-2; H, 40. C,,H,O, requires C, 73-6; H, 3-8%). The solution 
in concentrated sulphuric acid shows a green fluorescence. 

The lactone dissolved readily in 2N-alkali with a transitory yellow 
coloration. When the cold alkaline solution was shaken with methyl 
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sulphate and acidified, an oil was obtained which gave a residue 
of the lactone of 2'-hydroxy-4’-methoxydipheny]-2-carboxylic acid 
after extraction with cold 2N-alkali. This material crystallised 
from alcohol in fine colourless needles, m. p. 141° (Found: C, 74-4; 
H, 4-6. C,,H,,0, requires C, 74:3; H, 44%). The solution in 
concentrated sulphuric acid gives a strong green fluorescence. 

Complete methylation occurred when the process was carried out 
at 100°. The product, which was completely soluble in cold alkali, 
crystallised from alcohol in colourless prisms, m. p. 150°. 2’ : 4’-Di- 
methoxydiphenyl-2-carboxylic acid is somewhat soluble in hot water. 
It gives no colour with cold concentrated sulphuric acid, but a green 
fluorescence develops on warming (Found: C, 69-8; H, 5-4; 
M, ebullioscopic in acetone, 266. C,;H,,0, requires C, 69-8; H, 
54%; M, 258). 

Diphenic Acid.—Dry potassium o-bromobenzoate prepared from 
5 g. of the acid was mixed with copper-bronze (7 g.) and heated on a 
boiling water-bath and water (2 g.) was rapidly stirred in. The 
product was extracted with aqueous alkali, and the solution rendered 
acid. The precipitate obtained, after being dried (1-6 g.) and 
extracted with poiling benzene, left a residue of diphenic acid. 

The author wishes to thank Professor 8. Smiles, F.R.S., for his 
interest in the werk. 

Kine’s CoLLeGe, LONDON. [Received, October 29th, 1928.] 





CCXLV.—The Effect of the Cohesion of the Medium 
on Reaction Velocity. The Velocity of Interaction 
of N-Chloroacetanilide and Hydrobromic Acid in 
Aqueous Solutions. 

By Mriynig Ricwarpson and FREDERICK GEORGE SOPER. 


Tue velocity of interaction of N-chloroacetanilide and hydrochloric 
acid (Soper and Pryde, J., 1927, 131, 2767) in aqueous solution is 


9? 


satisfactorily expressed by the simple “activity ’’ or van *t Hoff 
velocity equation (van ’t Hoff, ‘‘ Vorlesungen iber Chemie,” 1898, I, 
218; Harned, J. Amer. Chem. Soc., 1918, 40, 1461), viz., v = ka,ag, 
if the activities are those of the reagents in the presence of each 
other. This equation, which is seldom obeyed (Buchbéck, Z. 
physikal. Chem., 1900, 34, 229; Freundlich and Richards, ibid., 
1912, 79, 681; von Halban, idid., 1913, 84, 129), is the simplest 
of those which, when applied to a balanced reaction, lead to the 
exact thermodynamic equilibrium law. The general reaction 
velocity equation is of the type 
v = kaasF (activities) . . . . F,(solvent), 
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where the F’s are functions which are common to both forward and 
reverse reactions. It was therefore thought possible that the 
constancy of the activity velocity coefficient in the interaction of 
N-chloroacetanilide and hydrochloric acid might be due to the 
constancy of some property of the series of solutions. 

Now, one of the properties of hydrochloric acid solutions, namely, 
the cohesion, is seen to be practically constant, for the surface 
tension, which is an indication of the magnitude of the cohesion, 
changes only from 71-97 to 71-69 as the acid concentration increases 
from 0-1 to 10M. The effect of the cohesion of the solvent on the 
velocity coefficients of reactions in a series of solutions was there- 
fore studied. 

If the cohesion of the medium has any general effect on reaction 
speed, it may be expected that the effect will be connected primarily 
with the van *t Hoff or activity velocity coefficient. Examination 
of the results obtained for this coefficient and for the concentration 
velocity coefficient of a reaction in a range of solvents showed, 
however, that the effect of the solvent on these coefficients is in 
general the same (see the two coefficients for the formation of a 
quaternary ammonium salt in Cols. 9 and 10 of Table I, and those 
for an intramolecular change in Cols. 5 and 6 of Table II). Con- 
centration velocity coefficients have therefore also been surveyed 
from the standpoint of possible correlation with the cohesion of 
the medium. 

The cohesion of the medium was evaluated as £,/vt (Harkins, 
Davies, and Clarke, J. Amer. Chem. Soc., 1917, 39, 555), where E, 
is the total surface energy (in dynes/cm.) and v is the molar volume 
(in c.c.); and as L/v (Stefan, Wied. Ann., 1886, 29, 655), where L 
is the latent heat of evaporation (in joules) per mol. It was then 
observed that the following rules appear generally to hold : 

1. If the reaction is one in which the products are substances of 
higher cohesion than the reagents, then it is accelerated by solvents 
of high cohesion. 

In Table I the results of a number of investigations on the form- 
ation of quaternary ammonium salts have been collected. Here a 
substance of high polarity and high cohesion is being formed from 
substances of relatively low cohesion. The numbered columns give 
the velocity coefficients of various reactions, as follows : 

(1) Triethylamine and ethyl iodide (Menschutkin, Z. physikal. 
Chem., 1889, 5, 589). 

(2) Diethyl sulphide and ethyl iodide (Carrara, Gazzetta, 1894, 
24, i, 180). 

(3) Triethylamine and ethyl bromide (Hemptinne and Bekaert, 
Z. physikal. Chem., 1899, 28, 225). 
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(4) Aniline and bromoacetophenone (Cox, J., 1921, 119, 142). 

(5) Pyridine and allyl bromide (Hawkins, J., 1922, 124, 1170). 

(6) Benzyl bromide with pyridine and with trieshylamine (Muchin, 
Ginsburg, and Moissejeva, Ukraine Chem. J., 1926, 2, 136). 

(7) Trimethylamine and benzyl bromide (McCombie, Scarborough, 
and Smith, J., 1927, 802). 

(8) Aniline and methyl iodide (Essex and Gelormini, J. Amer. 
Chem. Soc., 1926, 48, 882). 

(9) and (10) The concentration and activity velocity coefficients 
of the interaction of trimethylamine and p-nitrobenzyl chloride 
(von Halban, Z. physikal. Chem., 1913, 84, 128). 

A reaction of a different type is the chlorination of anilides by 
chlorine, which results in the production of the polar substance, 
hydrogen chloride. This reaction is slower in acetic acid (Orton 
and King, J., 1911, 99, 1185, 1369) than in water (Soper, J. Physical 
Chem., 1927, 34, 1192) where the cohesion is greater. 


TaBLeE II. 


E,/vi. Liv. 1. 2. 


EE — amine... + 243-2 0-0877 0-0307 
Xylene . 292-5 0-0510 0-0196 
Benzene ..... ae | “ 0-0401 0-0148 
Ethyl acetate . . 384-0 _ _ 
Chloroform ....... 

Acetone ..... ese B 

Tetrachloroethane . 

Nitrobenzene 1 

Acetonitrile ........... 


Alcohols. 
Amyl alcohol ............ . ° 0-00045 
‘ : 0-00018 


L111 * 


lltddi* 


0-0 
0-0 
0-0 
0-0 


rho bobo 
BHwow 
oo 
bor 
s10 

— 

w 


& 


0-101 
0-116 
0-099 


ylalcohol ......... 14: -- 

Benzyl alcohol 4 p 0-00010 

2. If the reaction is J ich the products are substances of 
lower cohesion than the reagents, then it is retarded by solvents of high 
cohesion. 

Results which illustrate this rule are given in Table II, the velocity 
coefficients corresponding to reactions as follows : 

(1) Acetic anhydride with isopropyl! alcohol, a reaction in which 
alcohol molecules of high cohesion form an ester of low cohesion. 

(2) Acetic anhydride with isobutyl alcohol (Menschutkin, Z. 
physikal. Chem., 1887, 1, 611). 

(3) Decomposition of triethylsulphonium iodide (von Halban, 
ibid., 1909, 67, 129). 

(4) Decomposition of triethylsulphonium bromide (Essex and 
Gelormini, loc. cit.). 

(5) and (6) The concentration and the activity velocity coefficients 
of the decomposition of the methyl triazolecarboxylate studied by 
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Dimroth (Annalen, 1910, 377, 127): here an acidic hydroxylic 
compound forms a ketonic compound of lower cohesion. 

3. When the products and reagents are substances of like cohesion, 
the solvent has relatively little inflwence on the reaction velocity. 

In the reaction investigated by Patterson and Montgomerie (J., 
1912, 101, 2100) where anissynaldoxime is converted in the presence 
of ethyl tartrate into the antialdoxime, the cohesions of the products 
and of the reagents must be approximately the same. The effect 
on the velocity coefficients of solvents common to this investigation 
and to von Halban’s investigation on the formation of a quaternary 
ammonium salt (loc. cit.) are compared in Table IL, where ky is 
the velocity coefficient of von Halban and kp that of Patterson and 
Montgomerie. It is seen that the solvent has relatively little effect 
on the transformation of the aldoxime. Similar behaviour is 
observed by Smith in the racemisation of l/-pinene (J. Amer. Chem. 
Soc., 1927, 49, 43). 

Taste III. 


Solvent. ku. ka/ky{benzene). kp. kp(benzene) /kp. 
Benzene 0-00151 : 
Propyl alcohol 0:0072 
Ethyl alcohol 0-0094 
Methyl alcohol 0-0181 
Benzyl alcohol 
Acetone 
Nitrobenzene a . 2: ‘07 


The rules advanced would appear to be connected with the 
influence the solvent may exert on the critical complex of the two 
reagents. High cohesion means unsaturation of the molecular 
force fields and the decomposition of a complex into substances of 
a higher molecular unsaturation may well be assisted by solvents 
which themselves possess unsaturated molecular fields. Conversely, 
the decomposition of the complex into substances of lower unsatur- 
ation may be retarded by such solvents, and the complex may tend 
to re-form the reactants. 

The present investigation has been concerned with the inter- 
action of hydrogen bromide and N-chloroacetanilide (Acree and 
Johnson, J,. Amer. Chem. Soc., 1907, 39, 410; Orton and Jones, 
Brit. Assoc. Reps., 1910, 85) : C,sH,-NClAc + HBr=Br-C,H,NHAc+- 
HCl. The relative cohesions of the products,and reagents will 
depend, in this reaction, on the relative cohesions of N-chloro- 
acetanilide and of p-bromoacetanilide. Since the former is very 
much more soluble in water, a solvent of high cohesion, it has a 
higher cohesion (Hildebrand) than the latter, and the reaction is 
one which, on the rule advanced, should be retarded by solvents of 
high cohesion. The activity velocity coefficient has therefore been 
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examined in aqueous salt solutions of higher cohesion than water; 
in sucrose solutions, where the surface tension indicates no appreci- 
able change in cohesion; and in aqueous methyl- and ethyl-alcoholic 
solutions, where the cohesion is less than in water. 

The values obtained for the activity velocity coefficient, k’, are 
given in Table IV, the speed of the reaction being defined as 
— de/dt = k’dyqQus, = k'cyeCus: fs. faer, ¢ being expressed in mols. per 
litre, and k, being a concentration velocity coefficient (see p. 1880). 
For equimolar quantities of chloroamine and hydrobromic acid the 
equation becomes — dc/dt = k'c*xetofrafas: = '2C*na, Where Cg, given 
in Table VI, is the constant hydrogen-ion concentration equal to 
the initial concentration of hydrogen bromide. 


TABLE IV. 


Solvent. 


Water 


0-1M-NaNO, 


0-5 


Meo on 
Sssa core 


1 
i 
2. 
0 
0 
0- 
l- 


s 


5% (Wt.) MeOH 
10 


9? 


15 os 
20 ” 
25 ” 


5% (Wt.) EtOH 
10 


%? 


15 » 
20 ” 


25 * 


5% (Wt.) Sucrose 
10 


9? 


15 ” 
20 ” 


ke. 

32-7 
23-9 
18-6 
17-3 
17-0 
16-7 
26-3 
23-4 
18-5 
17-0 
17-2 
36-4 
41-4 
48-0 
57-0 
66-9 
35-4 
41-2 
48-7 
58-6 
75-0 
36-1 
41-0 
48-2 
57-7 


fra- 

1-000 
1-016 
1-063 
1-140 
1-235 
1-359 
1-011 
1-024 
1-052 
1-113 
1-277 
0-811 
0-675 
0-518 
0-451 
0-308 


0-804 
0-661 
0-500 
0-404 
0-225 
1-018 
1-044 
1-073 
1-080 


Su — Fev. 


0-924 
0-818 
0-765 
0-773 
0-810 
0-905 


0-840 
0-808 
0-749 
0-716 
0-789 
0-995 
1-055 
1-094 
1-122 
1-173 


0-995 
1-059 
1-111 
1-162 
1-180 
0-993 
1-070 
* 1-096 
1-147 


10° x &’. 
3-78 
3-53 
3-04 
2-61 
2-19 
1-60 
3-70 
3-53 
3°27 
3-18 
2-34 
4-57 
5-61 
7-94 
10-35 
16-4 
4-49 
5-64 
8-09 


y: 
71-97 
72-09 
72-57 
73-17 
73°77 
74:34 
72-02 
72-08 
72-48 
73-00 
74-02 
60-98 
54-60 
49-89 
46-05 
43-00 
55-20 
47-40 
42-0 
38-0 
35-0 
72-27 
72-52 
72-77 
72-97 


Tt will be seen on comparing k’ with the surface tension (y) that 
the behaviour anticipated from the cohesion rule is observed. In 
sucrose solutions, where the surface tension is approximately con- 
stant as in hydrochloric acid solutions (see p. 1874), there is only a 
slight variation in the activity or van ’t Hoff velocity coefficient. 

An independent method of deducing the cohesion of a medium, 
due to Mortimer (J. Amer. Chem. Soc., 1922, 44, 1416; 1923, 45, 
633), is based on Hildebrand’s theory that positive deviations from 
Raoult’s law are due to differences in the cohesion of the two com- 
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ponents of the solution. Mortimer evaluates the cohesion from the 
factor p in the solubility-temperature equation 
log N = (1/T — 1/T,)pL,/2-303R, 

where E, is the latent heat of fusion of the solid and 7,, is its melting 
point. The factor p is proportional to the difference in cohesion 
of solute and solvent. For the same solute at constant temperature, 
p= constant x log N = constant x log (solubility). We have, 
therefore, in the solubility of any non-polar substance in the aqueous 
medium in which the reaction has been investigated, a measure of 
the differences of the cohesions of solvent and solute, so long as 
complex formation does not occur. The greater the solubility of 
the non-polar substance, e.g., N-chloroacetanilide, the less the 
difference in the cohesions of solute and solvent, and the lower the 
cohesion of the solvent. So long as the cohesions of solute and 
solvent are widely separated, one may regard the differences of 


Fie. 1. 
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cohesion of solute and solvent as a measure of the cohesion of the 
solvent and put cohesion as proportional to — log 8S. The van ’t 
Hoff velocity coefficients are plotted against the cohesion thus 
deduced in Fig. 1, which incorporates all the measurements. The 
points lie on a straight line, the equation of which is log k’ = — 1-4 
log § + constant, giving arelation of the type k’ = Cedcohesion)-z/R7 
where C and 2 are constants. 


EXPERIMENTAL. 


The Mechanism of the Reaction.—As it was possible that chloro- 
anilides might be produced to some extent when N-chloroacetanilide 
38 
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and hydrobromic acid interact, the residual solution from equi- 
molecular amounts of the reagents was analysed for bromide by 
precipitating the halides as silver salts and determining the loss in 
weight on their complete conversion to chloride. The bromide 
present was negligible and the reaction may therefore be repre. 
sented as 


HBr + C,H,‘NClAc > BrCl + C,H,-NHAc ~» Br-C,H,-NHAc 
| + HCl 
Y 


BrCl(+ HBr) —> Br, + HCl 





+C,HyNHAc 
Se 


Br-C,H,NHAc(+ HBr) 
+ HCl 


where either bromine or bromine chloride may be the brominating 
agent. Addition of a readily brominated substance such as anisole 
to the reaction mixture did not cause a marked increase in the 
velocity of disappearance of the chloroamine, the concentration of 
which was measured by the iodine titre of the solution after addition 
to potassium iodide. The speed does not therefore depend on a 
relatively slow reaction between bromine and acetanilide in equili- 
brium with N-chloroacetanilide and hydrobromic acid, but on the 
rate at which the brominating agent is produced (stage I). The 
reaction is analogous to that between N-chloroacetanilide and 
hydrochloric acid in water, where the speed is governed by the 
rate at which chlorine is produced (J. Physical Chem., 1927, 31, 
1192), although in acetic acid (Orton and Jones, loc. cit.) the rate is 
governed by the second of the consecutive stages. As in the 
interaction of N-chloroacetanilide and hydrochloric acid in aqueous 
solution, the addition of acetanilide to the mixture of N-chloro- 
acetanilide and hydrobromic acid caused a smal] increase (some 6%) 
in the observed rate of fall of titre, but this is probably due to the 
elimination, by the introduction of the readily C-brominated 
acetanilide, of the formation of N-bromoacetanilide which appears 
in the iodine titre and reduces its rate-of fall. 

In accordance with this view, increase of the acetanilide concen- 
tration beyond a certain limit, e.g., 0-01M, had no further effect 
on the observed rate of fall of iodine titre, which therefore, when 
acetanilide is present, measures the rate of production of the 
brominating agent. 

Since the hydrogen-ion concentration is constant during the inter- 
action (owing to the rapidity of stage II), the velocity equation may 
be simplified from v = keyciucg, to v = kyCyeatpr, and in accord- 
ance with this equation it was found that k, was independent of the 
relative amounts of the chloroamine and bromide ion present, but 
varied directly as the hydrogen-ion concentration. 
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As the measurements of the velocity coefficients in the various 
media were made in the presence of 0-01M-hydrobromic acid, the 
rate of hydrolysis of the chloroamine to hypochlorous acid under 
the influence of the hydrogen ion (k = 0-3 x 10-5; Soper and 
Pryde, loc. cit.) is negligible in comparison with velocity coefficients 
which range from 20 to 75. The small acid concentrations employed 
cause the present investigation to be much simpler than that of 
the interaction of N-chloroacetanilide and hydrochloric acid: in 
particular, the activities of the chloroamine in the various media 
do not require correction in the reaction mixture for the effect 
caused by the presence of the other reactant, hydrobromic acid. 

Measurement of the Velocity Coefficient —N-Chloroacetanilide was 
found to be sufficiently stable in all the media, there being no fall 
of titre in 2 hrs. and only 0-3% (approx.) in 18 hrs. The reaction 
mixture was prepared by adding the requisite quantity of 0-1N- 
hydrobromic acid in the specified medium to N-chloroacetanilide 
and acetanilide also dissolved in the medium, both solutions having 
previously attained the temperature of the thermostat, viz., 25-00°. 
In this way the heat of mixing was minimised. The temperature of 
the reaction mixture was maintained constant to + 0-01° by placing 
in it a thin-walled coil of glass tubing through which the thermostat 
water was driven; without this device, owing to the heat of the 
reaction, the temperature rises about 0-15°, corresponding to a 5% 
change in the reaction velocity. 

A pipette standardised to remove 10 c.c. of liquid at 25° was used 
to withdraw portions of the mixture, which were run into acidified 
potassium iodide and titrated with thiosulphate in a current of 
nitrogen. The mean deviation from the mean of the values obtained 
for the velocity coefficient in 2—4 experiments in each medium was 
about 1%, which corresponded with the precision to be expected 
from the degree of temperature control. A typical example is 
given in Table V, the thiosulphate being 0°010041. 


TABLE V. 


NaNO, = 1:0M; :NCl = HBr = 0-01M. 

t(mins.). Titre, c.c. | t(mins.). Titre, c.c. ky. 

2-09 14-10 —_ 3°15 12-60 — 

4-72 10-60 17-74 5-57 9-90 17-87 

7-80 8-21 17-75 8-25 8-05 17-54 

11-02 6-61 17-94 10-82 6-84 17-40 

14-22 5-58 17-80 13-92 5-71 17-70 

17-17 4:85 17-88 16-98 5-00 17-39 

Mean 17-82 + 0-07 Mean 17-59 + 0-17 


Other values of k,: 17-16 + 0-07 and 17-11 + 0-02. 


The Activity of the Chloroamine.—The activity coefficient of the 
thloroamine was calculated on the assumption that the activity of 
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the solid at 25-0° is equal to its concentration in its saturated 
aqueous solution, i.¢., f = Swater/Smeaium, Where Swater ANA Smeainm are 
the respective solubilities (mols./litre) at 25-0° in water and in the 
medium concerned. The method used for measuring the solubility 
of the chloroamine has already been described (J., 1927, 131, 2768), 
The solubility in water at 25° was found to be 0-01390 mol. per 
litre; its temperature coefficient is approximately 0-0004 mol. per 
litre per degree and the temperature was controlled to 0-1°. The 
values obtained for the activity coefficient are given in Table IV. 
The Activity of Hydrobromic Acid in Aqueous Media.—A diagram 
of the cell Ag,AgCl|HBr soln./H,(Pt) is given in Fig. 2. Com. 
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pressed electrolytic hydrogen was purified by passage over pallad- 
ised copper at 300°, through alkaline permanganate, concentrated 
sulphuric acid, caustic potash, and finally through a solution similar 
to that in the cell. Satisfactory hydrogen electrodes for use in 
aqueous salt solution, in aqueous-alcoholic solutions, and in aqueous 
sucrose solutions were obtained by platinising the electrode in 1% 
chloroplatinic acid solution with a 2-volt accumulator for 5 mins. 
for 15 mins., and for 30 mins., respectively. The silver bromide 
electrodes consisted of a bundle of platinum foil covered first with 
granular silver deposited from a 5%, silver cyanide solution by 4 
current of 0-002 amp. for 24 hours, and secondly, after washing, 
with an anodic deposit of silver bromide by electrolysis in hydro- 
bromic acid solution similar in composition to that to be examined 
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in the cell. Measurements of the £.M.F. of two cells each con- 
taining duplicate electrodes were taken every } hour until constancy 
was attained. The observed #.M.F.’s were corrected for variations 
from 760 mm. of the partial pressure of the hydrogen which is known 
from the atmospheric pressure and the vapour pressure of the 
solution. The results obtained are given in Table VI, where pu, 
is the partial pressure of the hydrogen in mm., and c, the con- 
centration of hydrogen bromide in mols. /litre. 


Tasie VI. 


Medium. E.M.F. Ce X 16". Pus: E.M.F. (corr.). 
Water 0-3139 1-00 741 0-3143 
0-1M-NaNO, 0-3201 0-997 732 0-3207 
0-5 0-3243 0-985 734 0-3248 
0-3245 0-970 734 0-3250 
0-3230 0-955 736 0-3234 
0-3181 0-941 736 0-3185 
0-3189 0-998 736 0-3193 
0-3210 0-996 736 0-3214 
0-3262 0-975 741 0-3266 
0-3291 0-960 737 0-3295 
- 0-3263 0-923 737 0-3267 
% (wt.) MeOH 0-3101 0-990 737 0-3105 
0-3080 0-982 737 0-3084 
0-3064 0-976 733 0-3069 
0-3054 0-970 735 0-3059 
0-3036 0-962 733 0-3041 
% (wt.) EXOH 0-3101 0-990 741 0-3105 
0-3080 0-982 748 0-3082 
0-3058 0-976 744 0-3061 
0-3039 0-970 750 0-3041 
0-3032 0-963 735 0-3037 
0-3096 1-010 735 0-3101 
0-3043 1-039 734 0-3048 
0-3020 1-060 734 0-3025 
0-2986 1-081 730 0-2992 


The value for the 2.M.F. of the cell when the medium is 0-011- 
aqueous hydrobromie acid, viz., 0-3143 volt, is in fair agreement 
with the value 0-3141 volt found by Lewis and Storch (J. Amer. 
Chem. Soc., 1917, 39, 2544); the activity of hydrobromic acid in 
other solvents relative to the foregoing is given by the relation 

RT a RT Sou’ forrls” 
Eug, — EB, == 2 log BP = Blog 222 
ies ’ Pr Qj uBr PF fiafier 
where fin" = fynr has been taken as 0-924 (Livingstone, ibid., 1926, 
48.45). The activity coefficient of hydrobromic acid in the various 
media is thus given by 

log fou*fosr = F/RT . (Ego; — Ey) + 2 log 0-924 + 2 log 0-01/c, 
and the values obtained in this way for f,n" = for are given in 
Table IV. 
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Summary. 


1. The study of the reaction velocity coefficient in relation to the 
cohesion of the medium shows that if the reaction is one where the 
products are of greater cohesion than the reagents, it is accelerated 
by solvents of high cohesion, whilst if the products are of lower 
cohesion than the reagents, the reaction is retarded by such solvents. 
When products and reagents are substances of like cohesion, the 
solvent has relatively little effect. 

2. When the cohesion of the medium is constant, the van ’t Hoff 
or activity velocity coefficient is constant. This is in conformity 
with other evidence that the cohesion of the solvent more directly 
affects this coefficient than the concentration velocity coefficient. 

3. The reaction C,H,-NClAc + HBr—>Br-C,H,-NHAc + HCl, 
where the products are of less cohesion than the reagents, has been 
studied in various aqueous media. In sucrose solutions, where the 
surface tension is nearly the same as in water, the activity velocity 
coefficient is practically constant. In salt solutions, where the 
cohesion increases, the activity velocity coefficient decreases, whilst 
in aqueous solutions of alcohols, where the cohesion decreases, the 
activity velocity coefficient increases, in accordance with theory. 


In conclusion, we wish to express our thanks to Professor Kennedy 
Orton, F.R.S., for the kind interest he has taken in the work, and 
to Imperial Chemical Industries, Ltd., for a grant to the Chemical 
Department. 
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CCXLVI1.—Acid and Salt Effects in Catalysed Reactions. 
Part XXI. The Catalytic Effects associated with 
Oxalic Acid in the First and Second Stages of 
Dissociation. 


By Harry Meprorta Dawson, CHARLES RANDALL HOSKINS, 
and JESSE Eyre SmMITu. 


THE systematic study of the catalytic effects which are associated 
with a partially ionised acid HA is facilitated by the use of mixtures 
of the acid with the corresponding salt, for these afford a convenient 
means of adjusting the relative magnitudes of the concentrations 
of the hydrogen ion, acid anion, and undissociated acid so as to 
permit of the investigation of the corresponding individual catalytic 
activities. Since the ionisation constant of the acid and the catalytic 
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coefficients vary with the salt content of the solutions, the inter- 
pretation of the experimental data which are obtained by the use 
of such buffer mixtures should also take account of the inert-salt 
effects which depend on the ionic concentration of the solvent medium. 

In accordance with recent observations (Dawson and Lowson, 
this vol., p. 1217) it would appear that the changes produced in the 
ionisation constant of an acid by the addition of an inert salt can 
be represented by the equation 


log K,/K, = aVx — ba, 


in which K, is the ionisation constant of the acid in salt-free solution 
and K, that in a solution containing x mols. of salt per litre. The 
coefficient a would seem to be nearly independent of the nature of 
the (univalent) ions, but larger variations are shown by 6 when the 
nature of the ions changes. 

The similarity of the above equation to that which follows from 
the interionic attraction theory has already been discussed (loc. cit.), 
and it will suffice here to recall that the coefficient a is much smaller 
than the corresponding coefficient which follows from the Debye- 
Hiickel theory. 

From the equation connecting K, and 2, it is apparent that the 
ionisation constant of the acid changes rapidly with the salt con- 
centration when the latter is small. With increase of x it reaches 
a maximum and then decreases. The maximum increase observed 
with uni-univalent salts of the alkali metals is about 75%. 

With regard to the variations of the catalytic coefficients, this is 
not of much importance so long as we are concerned with salt 
solutions of moderate concentration. The available evidence is 
confined almost entirely to the hydrogen ion, and in this case the 
variation of the catalytic coefficient is found to depend on the 
nature of the inert salt. 

At the outset, it may also be pointed out that the study of inert- 
salt effects is necessarily restricted to salts of the monobasic acids. 
This limitation is due to the circumstance that the constants which 
characterise the second and subsequent stages of the dissociation 
of polybasic acids are not large enough to permit of the realisation 
of that condition of inertness which is attained when, for example, 
sodium chloride is added to the solution of an acid. Such a solution 
affords no evidence of the formation of hydrochloric acid in cata- 
lytically effective quantity, and the catalytic activity of the 
sodium and chlorine ions is also negligibly small. On the other 
hand, if the sodium chloride is replaced by the salt of a dibasic acid, 
eg., sodium sulphate, then since the constant K, for the second- 
stage dissociation of sulphuric acid is relatively small, interaction 
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will take place between the hydrogen and sulphate ions with the 
formation of the highly active complex anion HSO,'. Apart from 
this, it may not be justifiable to neglect the effect which is produced 
by the relatively weak bivalent anion SO,’’. For these reasons, it 
is in general not possible to give any simple interpretation to 
observations on salt effects when the salts of polybasic acids come 
into question. 

Whilst the importance of the inert-salt effect under certain 
conditions may be admitted, the experimental evidence which has 
been referred to above shows that it is not possible to make allowance 
for such effects by the introduction of general correction factors 
based on the concept of ionic strength and the Debye—Hiickel 
interionic attraction constant. Within the limits which are imposed 
by the specificity of the inert-salt effects, consideration has been 
given to the latter in the interpretation of the observations described 
in the present paper. In following this procedure, it should never. 
theless be emphasised that the observations can be interpreted in 
their essential features and with a fair degree of exactitude without 
taking into account the variable inert-salt effects. The agreement 
between the observed and calculated results is, however, definitely 
improved when the appropriate salt-effect corrections are introduced. 

The investigation of the catalytic behaviour of oxalic acid arose 
from a desire to compare the catalytic effects which are associated 
with the stages of dissociation represented by H,C,0, — 
H* + HC,O,’ and HC,0,’ = H’ + C,0,”. According to Drucker 
(Z. physikal. Chem., 1920, 96, 381), the values of K, and K, derived 
from the analysis of #.M.F., freezing-point, and conductivity data 
are K, = 5-7 x 10° and K, = 6-9 x 10°. These numbers are, 
of course, based on the interpretation of the data in accordance 
with the classical ionic theory. On account of the large difference 
between the two constants, the overlap between the successive stages 
of dissociation is relatively small, and for this reason the study of the 
catalytic effects is to some extent simplified. On the other hand, 
the fact that acid oxalates of various types separate from acidified 
oxalate solutions suggests that oxalate ions other than HC,O,’ and 
C,O,’’ may be present in such solutions. In particular, the stability 
of the ion (HC,O,,H,C,0,)’ may have some connexion with the fact 
that quadroxalates of the type MH,(C,0,)..2H,O are deposited 
from all solutions of the alkali-metal oxalates which contain oxalic 
acid in excess of the ratio H,C,O,:M,C,0, = 1:1 (Foote and 
Andrew, Amer. Chem. J., 1905, 34, 153).. There is, however, no 
quantitative evidence for the existence of this ion in solution, and 
it has therefore been assumed that the only anionic constituents are 
HC,0,' and C,0,”. 
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The experimental work refers to the catalysis of the acetone- 
jodine reaction at 25° with an acetone concentration of 20 c.c. per 
litre. In the case of the larger velocities, this was reduced to 8-0 
c.c. per litre but the recorded data relate uniformly to the 20 c.c. 
basis. The oxalic acid was purified by repeated crystallisation. 
The observations relating to the two stages of dissociation are 
separately considered. 


Catalytic Behaviour of Oxalic Acid in the First Stage of 
Dissociation. 
In the first stage, the effective catalysts involved are the hydrogen 
ion, the oxalic acid molecule, and the anion HC,O,’. Their com- 
bined action is represented by 


v= Un, + Unow + VuE,0ox = k,[H"] + kyox{HOx’] a ky,ox{ H,Ox] (1) 


From the magnitude of the ionisation constant K, it was to. be 
expected that the coefficient kyo. would be about 200 x 10-°. 
In view of the dual part played by HOx’ in the two stages of the 
oxalic acid dissociation, it did not seem possible, however, to 
predict with certainty the magnitude of the coefficient kyoy. 
The procedure followed in determining its value will be described 
in connexion with the observations on the second stage. This 
method gives kyo. = 13 x 10°, and by combination with K, = 
5-7 x 10-8, this may be used for the calculation of ky,o. from the 
experimental data for salt-free solutions of oxalic acid (compare 
Table I). For this purpose equation (1) may be written 


Rugox = {0 — (kn + Fox [He — [H]) . - (2) 


and by substitution of the values of v and [H"] for the more concen- 
trated solutions, in which the catalytic effect of the undissociated 
oxalic acid is relatively more important, the value obtained for 
kg.ox is 210 x 10-6. 

An alternative method of procedure, which, moreover, does not 
require a knowledge of the ionisation constant K,, is afforded by 


the relation 
kyox = (v;/Ve 755 »'/Ve') (Ve — Vc’) 

in which v; is the minimum reaction velocity for the series of acid- 
salt mixtures cH,C,O, + xKHC,0,, and »;' is the corresponding 
velocity for the series in which the concentration of the oxalic 
acid is ec’. The experimental data for c = 0-05 and c’ = 0-02 give 
for the minimum velocities 16-40 x 10° and 7-80 x 10-® respec- 
tively, and substitution of these leads to kp. = 220 x 10-6. 
It may be recalled that the above formula (Dawson and Hoskins, 
J., 1926, 3166) involves the assumption that the ionisation constant 

382 
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and the catalytic coefficients are not affected by the salt which is 
present in the solutions for which the reaction velocity is a minimum. 
It may be shown that the value of kg,o, obtained by the minimum. 
velocity method is for this reason probably about 5% greater than 
the true value, and ky,5, = 210 x 10 has therefore been adopted. 

Having thus obtained values which measure the specific activities 
of the various catalytic entities, the experimental results may be 
examined. Table I records the data for pure oxalic acid solutions; 
the concentration of the acid is given in the first column and the 
observed velocity in the last. The hydrogen-ion concentration is 
shown in the second, the partial velocities in the third, fourth, and 
fifth, and the total calculated velocity in the sixth; these numbers 
are derived from K, = 5-7 x 10°, hk, = 465 x 10°, kyoy = 13-0 x 
10°, and kg yo. = 210 x 10%. The agreement between the 


TABLE I. 


Reaction velocities for oxalic acid solutions. 


v.10 v. 108 
[H°}. wm . 108. vq - 108. Um - 108. (cale.). (obs.). 
0-00867 3-83 O-ll - 0-28 4-22 4:35 
0-0188 8-74 0-25 1-30 10-3 : 
0-0320 14-9 0-42 3-78 19-1 
0-0522 24-3 0-67 10-05 35-0 
0-0820 38-1 , 24-8 64-0 
0-0943 43-8 . 32-7 77-7 
0-1055 49-1 . 40-8 91-3 
0-1252 58-2 : 57-8 117-6 
0-1427 66-3 ° 75-0 143-2 
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observed and calculated reaction velocities is remarkably good, and 
it should be noted that the latter have been derived on the basis of 
a fixed value for K,. The relations which are hereby shown by the 
pure oxalic acid solutions are quite similar to those which have 
been previously observed with various other acids (compare Dawson, 
Hall, and Key, J., 1928, 2844‘, and suggest that the interionic 
force effect in such solutions is relatively very small. 

When the experimental data for acid—salt mixtures of the type 
cH,C,0, + xKHC,O, are analysed in the same way, differences 
between the observed and calculated velocities are found which 
indicate that the ionisation constant K, increases with the salt 
concentration. Supplementary measurements have therefore been 
made with mixtures represented by 0-05H,C,O, + xKCl in order 
to ascertain to what extent the ionisation constant of the acid may 
be affected by inert-salt action. From the reaction-velocity data 
for this series, the ionisation constants have been derived by the 
method described in the preceding paper (Dawson and Lowson, 
loc. cit.). The results are summarised in Table II, which shows the 
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concentration (2) of the potassium chloride, the value of k, derived 
from experiments with 0-01HCl + «KCl, the observed reaction 
velocity v,, and the ionisation constant K, which follows from the 


experimental data. 
TABLE II. 


Ionisation of oxalic acid in potassium chloride solutions. 
, 0-04 0-06 0-10 0-40 0-50 1-0 2-0 3-0 
ky, . 108 512 523 582 699 830 
1, - 10% 21- 21-9 23°7 26-8 29-8 
K, . 102 . “t 8-5 82 75 60 48 
K,. 10% (cale.). 6-7 8: 82 79 63 46 


On account of the large extent to which the oxalic acid is ionised, 
the accuracy of the individual values of K, is rather limited, but it is 
evident that the relations are quite similar to those which have been 
disclosed by the investigation of other acids in solutions of inert 
salts. The observed connexion between R, = K,/K, and x can 
be expressed by log R, = 0-42\/x — 0-275, and from the values 
of R, given by this equation, the numbers recorded in the last row 
of the table have been calculated from K, = K,R, = 0-057R,. 

In applying the results afforded by the potassium chloride 
experiments to the interpretation of the data for mixtures of oxalic 
acid and potassium hydrogen oxalate, it must be assumed that this 
salt and the chloride have the same influence on the ionisation 
constant K,. This may not be entirely justifiable but there is no 
alternative. The observed and calculated velocities for two series 
of acid-salt mixtures of the type cH,C,0, + wKHC,O, are shown 
in Table III. The second column shows the ionisation constant 


TaB_eE III. 


0-05H,C,0, + xKHC,0,. 

v. 108 

r. K,. [H']. %. 108. vy. 10%. vm. 108. (cale.). 
0 0-057 00320 14:88 O41 378 191 
0-02 0-064 00285 13:25 064 451 184 
0-04 0-067 00253 11:76 085 519 17:8 
0-08 0-071  0-0207 962 131 615 17-1 
0-10 0-073 0-0189 8-79 155 653 1685 
014 0-075  0-0162 753 42-208) 7-10——s«(16-65 
016 0-076 0-0151 702 «2:27 's7-33s«d166 
0-20 0-078  0-0134 6-23 277 768 167 


0-02H,C,0, + xKHC,0,. 


0-057 0-0157 7:30 0-20 
0-063 0-0137 6-37 0°37 
0-066 0-0122 5-67 0-54 
0-069 0-0106 4-93 0-78 
0-072 0-0084 3°90 1-27 
0-073 0-0080 3°75 1-40 
0-074 0-0072 3°35 1-65 
0-076 0-0065 3°05 2-03 
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for each salt concentration, but apart from this the headings of the 
columns are the same as those in Table I. 

In spite of the limited solubility of the potassium hydrogen 
oxalate, it has been possible in both the above series to increase the 
value of x until the minimum velocity indicated by theory is attained, 
Throughout both series the agreement between the observed and 
calculated velocities is good. The difference between the catalytic 
effect of the free acid and that of the minimum-velocity mixture is 
quite small—about 15% in the first series and less in the second. 
This is due, on the one hand, to the high catalytic activity of the 
undissociated oxalic acid, and on the other, to the abnormally 
large value of the coefficient yo, in comparison with the value for 
the anion of a monobasic acid of similar strength. This point will 
be referred to later. 


Catalytic Behaviour of Oxalic Acid in the Second Stage of 
Dissociation. 


In passing from the first to the second stage, the oxalic acid 
molecule is replaced by the binoxalate ion HC,O,’, and the place of 
the latter is taken by the bivalent ion C,0,”. The principal differ- 
ence in the catalytic effects which are associated with the two stages 
is intimately connected with the difference in the magnitude of the 


ionisation constants K, and Ky. 

So far as the second stage is concerned, the experimental data 
have reference to acid—salt mixtures of the constant acid type 
represented by cKHC,0,-+ xK,C,0,. The  reaction-velocity 
measurements for such solutions are complicated to some extent by 
the oxidising action of iodine on the oxalate (C,0,’’) ion. According 
to Dhar (J., 1917, 141, 713; 1923, 123, 1856) and Berthoud and 
Bellenot (Helv. Chim. Acta, 1924, 7, 307) this is a photochemically 
accelerated reaction, the velocity of which is greatly reduced in 
the absence of light. This observation has been confirmed, and to 
minimise the effect of this disturbing ‘factor, the reaction-velocity 
measurements were made in the dark, blank experiments with 
acetone-free solutions being carried out in order to provide the 
necessary corrections. Such experiments show that the velocity is 
very nearly proportional to the concentration of the added neutral 
oxalate and may be derived from the equation v = 0-65 x 10-®v. 

In view of the small magnitude of K,, the hydrogen-ion concen- 
tration of a binoxalate solution may be reduced to a value at which 
the catalytic effect of the hydrogen ion is relatively unimportant 
by the addition of small quantities of the normal oxalate. When 
this stage is reached, changes in the ionisation constant due to the 
increase in the salt concentration can be almost ignored. In this 
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respect the conditions approximate to the simple state of affairs 
which is met with in the case of acetate buffers. 

When the observed velocities for the series cKHC,O, + xK,C,0, 
are corrected for the reaction between the iodine and the oxalate 
jon, a v-« curve is obtained which shows a rapid initial fall followed 
by a slow linear increase in the reaction velocity. If the very small 
effects due to the hydrogen ion are ignored, the linear portion of 
the curve is represented by v = ¢.kgoy + 2%. Koy, and it follows 
that kyo, may be derived. by extrapolation to x= 0, and kpo,, 
from the slope of this line. The values so obtained from the experi- 
ments with 0-1KHC,O, + 2K,C,0O, are kyo, = 13 x 10° and 
koe = 1-0 x 10-6, In so far as this method of procedure has 
been criticised on the ground that salt effects are not specifically 
taken into consideration (Brénsted, T'rans. Faraday Soc., 1928, 24, 
630; Wynne-Jones, ibid., p. 725; Harned and Akerléf, ibid., p. 
666; Soper and Pryde, J., 1927, 2761), we would point out that this 
is due to a misconception of the actual importance of such salt 
effects under the conditions afforded by the experiments in question. 

Before the coefficients kyo, and ko, can be utilised for the 
calculation of reaction velocities for mixtures of binoxalate and 
oxalate, it is necessary to examine more closely the constitution of 
such solutions, for it appears that in spite of the large difference 
between K, and K,, such mixtures may contain undissociated 


oxalic acid in quantities which, on account of the large value’ of 
kyox give rise to a very appreciable catalytic effect. The relations 
between the concentrations of the catalytically active entities in the 
solution cKHC,O, + 2K,C,0, may be derived from the following 
equations. 

Since the total concentration of the oxalate radical is ¢ + x we 


have 


fHOx’] + [Ox”]+ [H,Ox]=c+a2. . . (3) 
and in accordance with the electro-neutrality of the solutions 
[HOx’] + 2[0x”] = [K"]+ [H']=c+2e+[H']. . (4) 
Combination of these equations leads to 
[H*] = [Ox”]—[H,Ox]—2z. .. . () 
and the mass-law expressions for K, and K, give 
[H']HOx’]/[H,Ox]= K, ... . (6) 
[H°[Ox”]/[HOx’]= K ... . (7) 


Since the hydrogen ion and the undissociated acid are much more 
active as catalysts than the binoxalate and oxalate ions, the primary 
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object to be attained in the consideration of these equations is the 
determination of [H’] and [H,Ox]. The required values of [H’) 
and [H,Ox] may be derived from equations (5), (6), and (7), which 
lead to 











7 K . ? K a\2 
ais Vx an [HOx)<2lHOx J+ (x — [HOx’] r 3) 
K x 
Ky + [HOx)] °9 . . . . . . (8) 
and [H,Ox] = [H’[HOx’//K,. . . . . (9) 





from which, if x is not too small, these relatively small quantities 
may be derived with sufficient accuracy by substituting [HOx’] = c. 
The concentration of the oxalate ion is then obtained from equation 
(5), which may be written 


[Ox’’] = [H°]+[H,Ox]+2. . . . (10) 


and the concentration of the binoxalate ion by combining equations 
(3) and (5), whereby we obtain 


[HOx’] = c — [H’] — 2[H,Ox] . . . (il) 


If necessary, the value of [HOx’] given by equation (11) may be 
substituted in equations (8) and (9) for the derivation of more 
accurate values of [H*] and [H,Ox]. In this way the concentrations 
of the various catalytic entities may be derived if K,, Ky, c, and x 
are known. The values of the two ionisation constants depend, 
however, on the concentration of the salt solutions, and to some 
extent on the nature of the constituent ions. In the case of K,, the 
variation has been studied by experiments with oxalic acid dissolved 
in potassium chloride solutions (see Table II), and similar experi- 
ments with potassium hydrogen oxalate, which will be described in 
a later paper, provide information in regard to the variation of K,. 
Since the concentrations of the hydrogen ion and of the undis- 
sociated oxalic acid diminish rapidly with increase of x, no attempt 
has been made to take account of the variations of K, and K, with 
increasing quantities of oxalate, and, moreover, the values actually 
used are those indicated by the observations made with solutions of 
potassium chloride. 

In order to illustrate the procedure followed in the calculation of 
the reaction velocities, the solution 0-1KHC,O, + 0-02K,C,0, may 
be considered in detail. By adoption of the values K, = 0-073 
(corresponding to 0-1N-saline solution, see Table II) and K,= 
1-1 x 10-4, equations (8) to (11) give [H"] = 0-00052, [H,Ox] = 
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000071, [HOx’] = 0-098, and [Ox’’] = 0-021. The corresponding 
partial reaction velocities are 


», = k{H') = 465 x 10-6 x 0-00052 = 0-24 x 10-6 
Uu,0x = ku,ox{H,Ox] = 210 x 10-6 x 0-00071 = 0-15 x 106 
Vsow = kuox{HOx’] = 13-0 x 10-6 x 0-098 = 1-27 x 10-6 
Vow = kov{Ox”] = 10x 10%x 002 =0-02 x 106 


and the total reaction velocity v = 1-68 x 10°. 

. The velocities recorded in Table IV have been derived in this 
manner. In the case of the pure binoxalate solution (x = 0) there 
is, however, an appreciable difference between c and [HOx’], and 
the preliminary value of [HOx’] obtained by the above procedure 
has been substituted for c in equations (8) and (9) in order to obtain 
more accurate values of [H*] and [H,Ox]. The partial velocities 
due to the hydrogen ion, the undissociated oxalic acid, the binoxalate 
ion, and the oxalate ion are shown in cols. 2—5, the calculated total 
velocity in col. 6 and the observed velocity in col. 7. 


TABLE IV. 


0-1KHC,O, + xK,C,0,; K, = 0-073; K, = 1-1 x 10-4. 
vw. 108 vw. 108 
vp. 10%. vgyox - 10%. ego . 10%. vox. 10%. —(cale.). (obs.). 
0-99 0-56 1-20 0-005 2-75 2-80 
0-24 0-15 1-27 0-02 . 1-67 
0-195 0-12 1-275 0-025 . 1-61 
0-115 0-07 1-29 0-04 . 1-52 
0-05 0-03 1-30 0-10 1-45 
0-025 0-015 1-30 0-20 1-57 
0-015 0-01 1-30 0-30 1-66 
0-01 0-01 1-30 0-40 1-78 


0-05KHC,0, + xK,C,0,; K, = 0-068; K, = 1-0 x 10-4. 
0 0:77 0-23 0-60 0-003 1-60 
0-005 0°37 0-12 0-625 0-005 1-12 
0-015 0-15 0-05 0-64 0-015 0-85 
0-025 0-095 0-03 0-65 0-025 0-80 
0-035 0-07 0-02 0-65 0-035 0-77 
0-055 0-045 0-015 0-65 0-055 0-76 
0-075 0-035 0-01 0-65 0-075 0-77 
0-10 0-03 0-01 0-65 0-10 0-79 
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From the above table it is apparent that the catalytic properties 
of mixtures of the acid and normal oxalates can be satisfactorily 
accounted for in terms of the catalytic coefficients which have been 
assigned to the hydrogen, binoxalate, and oxalate ions when due 
regard is paid to the catalytic effect of the undissociated oxalic 
acid which is present in such buffer solutions. It may be pointed 
out that closer agreement would be obtained if the value of ko... were 
raised from 1-0 x 10 to 1:2 x 10°, The accuracy with which 
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this small coefficient can be determined is, however, strictly limited, 
and an error of 20% is not impossible. 

The Catalytic Coefficients ky,5, and kyo, .—According to Brénsted 
(loc. cit.), the connexion between the catalytic activity of an 
acid and its ionisation constant can be represented by an equation 
of the form k,, = aK", in which the exponent 7 is positive and less 
than unity. By reference to the data for the acetone-iodine 
reaction with acid catalysts ranging in strength from propionic to 
dichloroacetic, it has been shown (Dawson and Lowson, loc. cit.) 
that the connexion between the catalytic activity of the undis. 
sociated acid and the ionisation constant can be represented very 
closely by the equation k,/k,; = 3-0K°%4, When this empirical 
relation is applied to oxalic acid with K, = 0-057, the value obtained 
for kg,ox is 220 x 10°, which is only about 5°% greater than the 
value 210 x 10-6 derived from the reaction-velocity data for oxalic 
acid solutions of varying concentration (compare Table I). 

With regard to the catalytic activity of HC,O,’, the observed 
coefficient is very much greater than would be expected from the 
results obtained for the anions of moderately strong monobasic 
acids. In the case of dichloroacetic acid (K = 5 x 10°), the 
acetone—iodine experiments afford no evidence of any measurable 
catalytic effect which can be attributed to the anion. On the 
other hand, when the coefficient kgo, is compared with those for 
the undissociated molecules of monobasic acids with ionisation 
constants in the neighbourhood of K, for oxalic acid, it is found 
that the catalytic coefficients are of the same order of magnitude. 
It follows that the HC,O,’ ion behaves catalytically as an acid: 
its réle is that of a proton donator as opposed to a proton acceptor. 
At the same time, it should be noted that the value igo, = 3-0 x 10°, 
which is derived from the empirical relation k,, = 3-0k%,.K°®® by 
the use of Drucker’s value K, = 6:9 x 10-5, is considerably smaller 
than the observed value. It may be that this divergence is due to 
the circumstance that electrically eharged acids of the type repre- 
sented by the binoxalate ion are not directly comparable with 
electrically neutral acids in so far as their catalytic activity is 
related to the corresponding ionisation constant. The systematic 
investigation of the behaviour of such complex anions may throw 
some light on the question. 

The results of this investigation of the catalytic effects produced 
by oxalic acid in its two dissociation stages are in complete agree- 
ment with the general relations which have been established by 
recent work on acid and salt effects in catalysed reactions. 
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Summary. 


The catalytic effects produced by oxalic acid in the first and 
second stages of dissociation have been studied in experiments with 
the acetone—iodine reaction. 

The values derived for the catalytic coefficients are: Undis- 
sociated oxalic acid, kg», = 210 x 10%;  binoxalate ion 
(HC,0,’), Knox = 13 x 10*; oxalate ion (C,0,”), ko. = 1-0 x 10-6, 
as compared with k;, = 465 x 10-* for the hydrogen ion. 

Inert-salt effects have been examined by experiments with 
oxalic acid in potassium chloride solutions; the variation of the 
ionisation constant with the salt concentration is similar to that 
observed with other acids. 

Although buffer mixtures of the type cH,C,0, + KHC,0O, 
afford evidence of changes in the ionisation constant of the acid 
with the salt concentration, the behaviour of free oxalic acid solu- 
tions suggests that interionic forces are of little importance in salt- 
free solutions. This is in agreement with observations made with 
solutions of other acids. 

The magnitude of the coefficient kyo, indicates that the catalytic 
action of the binoxalate ion is determined by its tendency to produce 
hydrogen ions by dissociation and not by the opposite tendency to 
form electrically neutral molecules by combination with hydrogen 
ions. 


THE University, LEEDs. (Received, July 23rd, 1929.] 





CCXLVII.—The Polarimetric Study of Intramolecular 
Rearrangement in Inactive Substances. Part VII. 


By Tuomas Stewart Patrerson and GrorcE THOMSON. 


Ix some previous papers it has been shown that the rate of change 
of certain labile forms of inactive compounds into the more stable 
configuration could be followed by means of the polarimeter, by 
taking advantage of the different solvent influences of the two 
isomerides upon an active compound. In this way, by using ethyl 
tartrate as indicator, a study was made of (1) the rate of change 
of certain syn-oximes into the anti-forms, with ethyl tartrate alone 
and also in the presence of certain inactive solvents (e.g., benzene), 
and (2) the transformation of the unstable into the stable form of 
ethyl formylphenylacetate (J., 1907, 91, 519). It was found that 
other active esters of tartaric and malic acids could be used in a 
similar way (Ber., 1907, 40, 2564), and that the purity of the ethyl 
tartrate, as indicated by the number of distillations it had undergone, 
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made a great difference in the velocity of transformation : the purer 
the ethyl tartrate, the more slowly did the reaction take place. It 
was also found that the influence of temperature on the velocity of 
transformation of piperonalsynoxime was in accordance with the 
formula suggested by van *t Hoff. The method was used to follow 
the transformation of phenylisonitromethane into phenylnitro. 
methane, of ammonium thiocyanate into thiocarbamide, and of 
ammonium cyanate into carbamide (J., 1908, 93, 1041); and the 
influence of neutral solvents on the velocity of these transformations 
was likewise examined (J., 1912, 1041, 26, 2100). 

In some of these experiments, an attempt was made to estimate 
the influence of ortho-, meta-, and para-substitution on the velocity 
of the oxime transformation (Proc. Roy. Phil. Soc. Glasgow, 1911— 
1912, 42, 26), but since it is only in a few cases that synaldoximes 
can be obtained from all three forms of substituted aromatic 
aldehydes, this could not be carried far. With the object of ex- 
tending the investigation in this direction, but also in order to study 
the transformation of the acetyl derivatives and of the ethers of the 
oximes, we have recently taken the subject up again. We used 
ethyl tartrate as active indicator, and since it is of great importance 
that its behaviour should remain uniform throughout a series of 
experiments, which may easily occupy .a fairly long time, we pre- 
pared a considerable quantity of it by the hydrochloric acid satur- 
ation method * and sealed up quantities of about 100 g. in several 
different flasks, with the idea that one of these small quantities was 
not likely to alter very much during the time in which experiments 
were being carried out with it, and that the others should alter 
very little or not at all, as was subsequently found to be the 
case. 

m-Nitrobenzsynaldoxime, which is easily obtained and not too 
readily converted into the anti-form, was used as a standard by 
means of which each different sample of ethyl tartrate was checked, 
and it was found that the velocity coefficient was practically the 
same in each case within the limits of experimental error. A summary 
of the results obtained is given in Table I. 

Our supply of ethyl tartrate was exhausted before the completion 
of the experiments we had contemplated, and therefore those with 
m-iodobenzsynaldoxime and p-tolusynaldoxime were carried out 
with some ethyl tartrate prepared by Frankland and Aston’s 
continuous method (J., 1901, 79, 517). This ethyl tartrate had a 
somewhat higher coefficient for m-nitrobenzsynaldoxime (k = 1-75) 


* About 85% of the theoretical quantity of ethyl tartrate, once distilled, 
was obtained (compare Lowry and Cutter, J., 1922, 121, 532, who could only 
obtain 56% as a maximum). 
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TABLE I. 
Solutions examined in first specimen of ethyl tartrate. 


Oxime, Experiment. 
% 1000 k, 
mean. 
2-52 
0-345 
1-27 
1-35 
0-73 
1-55 
2-30 
1-32 
1-82 
2-88 


0-235 
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than that previously used (k = 1-27), but in the last column of 
Table II allowance is made for this and the numbers are calculated 
as if they had been obtained with an ester of the latter coefficient. 
These values may therefore be compared directly with the values in 
the last column of Table I. 


TABLE II. 


Solutions examined in second specimen of ethyl tartrate. 


Experiment. 
Oxime, a Mean, calc. on 
% - 3. 3. Mean, basis of first 
Aldoxime. (approx.). 1000k. 1000k. 1000k. 1000k. specimen. 
m-Nitrobenzsyn- ... 1-74 1-76 — 1-75 1-27 
m-lodobenzsyn- ... 2- 1-79 _.1-71 1:77 = 1-76 1-27 
p-Tolusyn- 2:20 2:10 2:27 2-19 1-58 


We were, unfortunately, only able to prepare two sets of all three 


isomerides, the nitro- and the bromo-benzsynaldoximes, and the 
results will be most clearly appreciated from Table III. 


TaBe III. 
Benzsynaldoxime, 1000k = 2°52. 
Effect of substituents as shown by values of 1000k. 
NO,. Cl. Br. I. CH. 
0-35 — 0-73 — — 
1-27 1-32 1-55 1-27* — 
1-35 1-82 2-30 2-88 1-58* 


* These results were obtained with the second specimen of ethyl tartrate. 


In earlier work regarding the nitro-derivatives (Proc. Roy. Phil. 
Soc. Glasgow, loc. cit.), data for the para-isomeride could not be 
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obtained; but it now appears that this was probably because 
p-nitrobenzsynaldoxime is soluble only with considerable difficulty 
in ethy! tartrate, and that, in the former experiments, an attempt 
having been made to use too concentrated a solution, transformation 
had taken place during the heating thus rendered necessary. In the 
present experiments, by use of a 1-5%, solution of oxime, the rate 
of change could be measured. It will be observed that the ortho. 
derivative is transformed slowly, the meta-derivative about four 
times as rapidly, and the para-derivative still a little more rapidly. 

In the bromo-derivatives the same sequence is followed, trans. 
formation being slowest in the ortho-, intermediate in the meta., 
and fastest in the para-isomeride. 

In the chloro- and the iodo-derivatives, the behaviour of the meta- 
and the para-compounds is very similar to that of the corresponding 
nitro- and bromo-substitution products, the para-compound being 
transformed more rapidly, in each case, than the meta-. 

Comparison of the p-derivatives of chloro-, bromo-, and iodo. 
benzaldehyde shows that the first-named is transformed most rapidly 
and the last-named most slowly, the bromo-compound being inter- 
mediate. 

It is a very curious fact that, although from these experiments 
it would seem likely that the ortho-isomeride should be transformed 
from the syn-form into the anti-form considerably more slowly than 
is the case with the meta- and the para-derivatives, the syn-forms of 
the ortho-esters are very much more difficult to prepare than the 
meta- and the para-; exactly the opposite might have been antici- 
pated. o-Chlorobenzsynaldoxime has been described by Brady 
(J., 1925, 127, 2428), but we were unable by his method to obtain a 
sufficient quantity of this compound to carry out the reaction. 
o-lodobenzsynaldoxime has not yet been prepared at all. 

We also prepared both forms of the O-methy] ethers of m- and of 
p-nitrobenzsynaldoxime, and we have found that the ethers prepared 
from the synaldoximes affected the rotation of ethy] tartrate in 
much the same way as the parent oximes. For solutions of 
equivalent concentration, the change in rotation of the active 
indicator is much the same, but it is noticeable that the velocity of 
transformation is considerably slower than in the parent oxime, 
and that, in the two cases examined, the methyl ether of the para- 
derivative is transformed much more slowly than that of the meta- 
derivative. The methyl ethers, prepared from the anti-forms of the 
oximes, dissolved in ethyl tartrate gave rotations practically identical 
with the end values shown by the isomeric ethers, and they appeared 
to undergo no change with lapse of time. 

We also prepared the N-methyl ether of m-nitrobenzaldoxime. 
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In similar concentration it gave a rotation of + 11-78°, which, 
however, showed no change with lapse of time. Further, we 
prepared the acetyl derivatives of both forms of benzaldoxime, 
and examined their rotations in ethyl tartrate solution. As will 
be seen from the data, there is a slight difference in the rotations 
of the two solutions, and when the acetylsynoxime was heated the 
rotation was observed to change, but the total change was so small 
that the rate of transformation could not be observed. 

The data relating to benzsynaldoxime are shown in detail in 
Table IV as an example of the degree of constancy in k, and the 
remainder are summarised in Table V : 

p = g. of ethyl tartrate per 100 g. of solution ; 

¢t = time in mins. in Table IV, and duration of measurements 
in Table V; 

« = change of rotation between ¢ = Oandt = » ; 

x = change of rotation at time ¢; 
and k = 1/t. log, a/(« — x). 


Taste IV. 
Benzsynaldoxime. 
(i) p = 95-97; a = 3-15°. (ii) p = 96-14; a = 3-04°. 
a . 
(100 mm.). 1000k. " (100 mm.). 1000k. 
+14-18° +14-02° — 
13°72 13-61 2-41 
13°23 13-23 2-51 
12-99 12-75 2-63 
12-85 12-35 2-59 
12-50 12-25 2-49 
12-30 12-10 2-46 
12-15 11-97 2-39 
11-03 10-98 
Mean 
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8-O-Methyl-m-nitrobenzsynaldoxime,— 


(i) p= 95-81; o2%, (100 mm.), + 11-13° (¢ = 0), + 10-38° (t= @ ). 
(ii) Pp = 95-80; 39 be] 399 + 11-15° 99 + 10-38° > 


«-O-Methyl-m-nitrobenzaldoxime.—p = 96:12; «3%, (100 mm.) = 
+10-31°. 

N-Methyl-m-nitrobenzaldoxime.—p = 95-72; o%;, (100 mm.) = 
+11-78°. No change in the rotation of the solution was observed 
over a period of 12 days. 

8-O-Methyl-p-nitrobenzsynaldoxime.—p = 95-86; «si, (100 mm.), 
+ 10-64° (¢ = 0), + 9-79° (¢ = @). 

«-O-Methyl-p-nitrobenzaldoxime.—-p = 96-07 ; 3% = +9-76°. 
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TABLE V. 
k x 103. 





t. Limits. Mean. 
1550 0-632—0-787 0-707) 
400 0-702—0-806 0-756! 
630 0-680—0-773 0-728} 
450 1-42 —1-61 1-53 
300 1-47 —1-65 
360 1-50 —1-66 
370 2-02 —2-33 
400 
350 
360 
325 
2880 
1620 
480 
420 
360 
360 
1460 
400 
420 
1640 
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Oxime. p. 

o-Bromobenzsynaldoxime (i) 96-28 

(ii) 96-08 

{iii) 96-10 

(i) 96-06 

(ii) 96-10 

(iii) 96-04 

(i) 95-02 

(ii) 95-02 

(iii) 95-01 

(iv) 95-99 

95-27 

98-52 

98-53 

98-59 

98-54 

98-48 

98-66 

98-56 

98-59 

98-51 

m-Chlorobenzsynaldoxime (i) 95-8 

ii) 95-85 1440 

95-73 475 

> vs “i oe i) 96-27 “2 600 

ii) 96-06 . 480 

p-lodobenzsynaldoxime i) 97-58 “2 480 

ii) 97-60 ° 370 

97-58 “ 440 

*m-Nitrobenzsynaldoxime (i) 96-01 430 

ii) 95-98 460 

*m-Iodobenzsynaldoxime i) 97-57 420 

ii) 97-59 420 

97-58 420 

*p-Tolusynaldoxime i) 95-94 470 

li) 95-93 380 

95-95 375 

B-O-Methyl-m-nitrobenz- i) 95-81 7305 

aldoxime li) 95-80 4480 

B-O-Methyl-p-nitrobenz- i) 95-86 0-85 6070 
aldoxime 
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* In second sample of ethyl] tartrate. 


a-Acetylbenzaldoxime.—p = 97-23; ai, (100 mm.) = +-9-39°. 

8-Acetylbenzaldoxime.—p = 97:28: o®S (100 mm.) = +9-51°. 
After the solution had been warmed for some time and cooled again 
to room temperature, the rotation was lowered to + 9-37° and 
showed no further change. 

The experiments with the two acetyl derivatives were carried out 


with a third sample of ethyl tartrate. 


UNIVERSITY OF GLASGOW. [Received, July 3rd, 1929.] 
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CCXLVIII.—Some Reactions of mm’-Dinitrobenzil. 
By ALFRED ARCHIBALD Boon and HucH Bryan NISBET. 


THE mm’-dinitrobenzil used in this research was prepared by direct 
nitration of benzil (Barrett and Kay, Chem. News, 1922, 125, 57) 
and was separated from the accompanying om’- and 0o0’-isomerides 
by fractional crystallisation from acetone (compare Chattaway and 
Coulson, J., 1926, 1071), or by isolating the molecular compound 
with benzidine and decomposing that with dilute acid (see below). 

mm’-Dinitrobenzil readily responds to the usual reactions for 
o-diketones : when treated in hot alcoholic solution with o-diamines 
it yields the corresponding quinoxalines, e.g., 2 : 3-di-m-nitrophenyl- 
quinoxaline (I; R =H) and 5-methylquinoxaline (I; R = Me) with 
o-phenylene- and o-tolylene-diamine, respectively. 


R 
+ NO,-C,HyO:CH-COPh 
I.) NOyC.HyC—N: ee ‘con H,NO 

NO,-C,H,-C=N° ans erty’ NU e 


Ferriss and Turner (J., 1920, 117, 1143) and Le Févre and Turner 
(J., 1926, 2480) have disproved Cain and Micklethwait’s work on the 
condensation of benzil with benzidine (J., 1914, 105, 1437), and have 
shown that in glacial acetic acid solution 1 mol. of benzidine unites 
with 2 mols. of benzil, with the elimination of 2 mols. of water. 
mm'-Dinitrobenzil does not condense with benzidine in glacial 
acetic acid solution, but in hot alcoholic solution equimolecular 
proportions unite to form a compound which is quantitatively 
decomposed into its components by acetic acid or dilute mineral 
acid. A similar molecular compound is formed with o-tolidine. 

mm'-Dinitrobenzil condenses with a molecular proportion of 
acetophenone under the influence of alcoholic caustic soda to give 
dehydroacetophenone-mm’-dinitrobenzil (a«-m-nitrobenzoyl-B-benzoyl- 
m-nitrostyrene) (II).° A compound with 2 mols. of acetophenone 
could not be isolated, nor could any crystalline product be obtained 
inmany attempts to condense mm’-dinitrobenzil with acetone. 


EXPERIMENTAL. 

Preparation of Quinoxalines.—Equimolecular quantities of 
mm’-dinitrobenzil and the corresponding diamine were dissolved in 
alcohol, and the solution was boiled for about twenty minutes. The 
quinoxalines which separated were filtered off and recrystallised 
from a large quantity of alcohol. 2 : 3-Di-m-nitrophenylquinoxaline 
formed white needles, almost insoluble in alcohol, m. p. 208° (Found : 
C, 64-2; H, 3-3; N, 15-0. Cy 9H,.0,N, requires C, 64-5; H, 3-2; 
N, 15:1%); and 2 : 3-di-m-nitrophenyl-5-methylquinoxaline formed 
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pale yellow needles, slightly soluble in ether, and soluble in warm 
acetone or benzene, m. p. 208—210° (Found: C, 64-1; H, 3-6: 
N, 14-4. ©,,H,,0,N, requires C, 65-3; H, 3-7; N, 145%). 

Molecular Compound of mm'-Dinitrobenzil and Benzidine.—When 
equimolecular quantities of mm’-dinitrobenzil and benzidine, dis. 
solved in absolute alcohol, were boiled for a few minutes, a crystalline 
compound was formed; it recrystallised from alcohol as chocolate. 
brown plates, m. p. 163-5°, yield almost theoretical [Found : (, 
64-3, 64:3; H, 4-5, 4:5; N, 11-4; NO, (by TiCl,), 19-0. C.gH,,0,N, 
requires C, 64-5; H, 4:5; N, 11-6; NO,, 190%]. This compound 
is readily decomposed into its constituents by acetic acid or dilute 
mineral acids, and when decomposition was effected by dilute 
hydrochloric acid, the mm’-dinitrobenzil, after being washed with 
water and dried, corresponded to 59-0% of the initial material (Calc. : 
60-2%). Cryoscopic measurements in 2 : 4-dinitrotoluene (Auwers, 
Z. physikal. Chem., 1899, 30, 310) gave M = 258, showing thai the 
molecular compound is almost completely dissociated in that solvent. 

Isolation of mm'‘-dinitrobenzil by means of its benzidine compound. 
Benzil was nitrated by Barrett and Kay’s method (loc. cit), and the 
mixed nitro-compounds were boiled with a solution of sodium 
carbonate to remove nitro-acids; 25 g. of the resulting mixture were 
dissolved in 400 c.c. of boiling alcohol, and 18 g. of pure benzidine 
added. The chocolate-brown crystalline deposit formed after a few 
minutes’ boiling was filtered from the hot liquid and proved to be the 
foregoing addition compound (crude yield, 18 g., m. p. 163-5°). When 
decomposed with acetic acid containing a little hydrochloric acid, it 
gave 10 g. of a yellow substance, m. p. 126°, which, recrystallised 
from acetone and then from glacial acetic acid, gave tufts of pale 
yellow needles, m. p. 132°, identical with the mm’-dinitrobenzil 
isolated by Chattaway and Coulson’s method (loc. cit.). 

Molecular Compound of mm’-Dinitrobenzil and o-Tolidine— 
Equimolecular quantities of the two constituents in hot alcohol yield 
a molecular compound which, recrystallised from alcohol containing 
a little o-tolidine, forms chocolate-coloured plates, m. p. 16 
(Found : N, 11-2. C,,H,,0,N, requires N, 10-94%). 

Dehydroacetophenone-mm'-dinitrobenzil (I1).—mm’-Dinitrobenzil 
(8 g.) and acetophenone (6-4 g.) were dissolved in warm alcohol, and 
2 c.c. of N/10-aleoholic caustic soda added. The solid which 
separated on cooling and standing was washed with dilute hydro- 
chloric acid, and separated from benzene in fine yellow needles, 
m. p. 158° (Found: ©, 65-86; H, 3-48; N, 664. C,,H,,0,), 
requires C, 65-69; H, 3-47; N, 6-94%). 

Heriot-Watt CoLLtecr, EDINBURGH. (Received, August 3rd, 1929.] 
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CCXLIX.—The Equilibrium CO, + C = 2C0. 
By F. J. Dent and Jonn Wit11am Coss. 


FroM an experimental study of reactions taking place in the blast 
furnace, Schenck and Heller (Ber., 1905, 38, 2139) concluded that the 
composition of the mixture of carbon monoxide and dioxide in equi- 
librium with carbon varied with the modification of carbon employed. 
Pring and Fairlie (J., 1912, 104, 91) drew a similar conclusion after 
studying the equilibrium in the system carbon—hydrogen-—methane. 
These results, however, do not appear to have received much con- 
sideration from workers on the equilibrium between carbon and its 
oxides, and the contrary opinion, viz., that there is only one position of 
equilibrium, has been repeatedly expressed, although it is noteworthy 
that the agreement between the results obtained by the different 
investigators is by no means good, as the following table shows : 


The CO, + C == 2CO equilibrium at 800°. 


Equilibrium composition 
of gases. 


co, %. Observer and reference. 

93-0 Boudouard (Ann. Chim. Phys., 1901, 24, 1). 

86-9 Mayer and Jacoby (J. Gasbeleucht., 1909, 52, 282). 

88-6 Arndt and Schraube (Diss., Techn. Hochschule, 

Berlin, 1911). 
86-15 Rhead and Wheeler (J., 1910, 97, 2178). 
90-05 Bodmer (Diss., Techn. Hochschule, Zurich, 1926). 
The results obtained by Clement, Adams, and Haskins (Bureau of Mines, 

Bull. No. 7, 1911) are not given, as they were obtained by extrapolation and 
were not a direct determination of the system at equilibrium. The method 
of extrapolation does not appear justifiable, for the results obtained deviate 
considerably from those given above. 





A variation in the carbon modification would be expected to 
influence the equilibrium, since the different types of carbon are 
associated with different amounts of energy, and as a result the 
heat of the reaction C + CO, == 2CO varies. This heat of reaction 
for different types of carbon is shown in the following table, together 
with the corresponding calculated composition of the gases in 
equilibrium at 800°. 

Composition of gases in 

Heat of reaction * equilibrium at 800°(calc.). 

(cals. per g.-atom 

Type of earbon. of carbon). CO,, %- CO, %. 
Graphite (natural) 41,810 13-8 86-2 
Coke 40,490 8-4 91-6 
39,480 5-6 94-4 





Methane carbon (deposited at 

800°) 88,300 3-4 96-6 

* These figures have been calculated from the heats of combustion of 
tarbon in oxygen obtained by Roth and Nikitin. 





1904 DENT AND COBB: 


Such calculated compositions are only approximate owing to the 
lack of accurate specific-heat data over a wide range of temper. 
ature, but they serve to show that the variations are of the same 
order as those between the results of different investigators. 

The work described below was carried out because of the absence 
of any satisfactory experimental measurements showing the influence 
of the carbon employed on the equilibrium in the system under 
discussion. All our determinations have been made at 800°; this 
temperature was chosen as being sufficiently high for the reaction 
to proceed at a fairly rapid rate, and sufficiently low for the per- 
centage of carbon dioxide at equilibrium to be easily measurable. 


Fie. 1. 


THERMO 
= COUPLE 














SAMPLING CIRCULATING 
Device, Pump 


The types of carbon we have used have been : (a) Coke, prepared 
by carbonising at 800° a fusible Yorkshire coal (Sharlston Wallsend, 
from the Haigh Moor Seam), containing 35-8°% of volatile matter 
and very little ash (1-2%); (6) graphite, a natural Ceylon product 
containing 0-4% ash; and (c) charcoal, prepared by carbonising 
coco-nut shell at 800°. In many experiments the rate of the 
reaction has been increased by the addition of sodium carbonate 
(compare Branson and Cobb, Gas Research Fellowship Report, 
Trans. Inst. Gas Eng., 1927), a procedure which has greatly facilitated 
this study. 








EXPERIMENTAL. 


The apparatus used was similar in principle to that employed by 
Rhead and Wheeler (loc. cit.) and is shown in Fig. 1. The method 
consists essentially in continuously circulating carbon dioxide, and 
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the carbon monoxide formed by its reduction, over coke kept at 
800° in an electric furnace. The whole apparatus is sealed from 
the atmosphere, and the progress of the reaction is followed by 
observing the rise of pressure in the apparatus. It was assumed 
that the reaction had ceased when circulation for a number of hours 
produced no further change in the pressure. 
A sample of the gas was then taken and 
analysed. 

Special precautions were taken (a) to cool 
the gases rapidly after they had passed over 
the carbon, in order to prevent the decom- 
position of carbon monoxide; and (b) to 
maintain the carbon at a constant temper- 
ature throughout the experiment. 

Factor (a) is especially important when the 
rate of the reaction of the carbon with carbon 
dioxide is slow, e.g., when catalysts are not 
being employed. In these cases, a furnace 
tube of fused silica of the type shown in 
Fig. 2a was used. In the constricted ends, 
packed, after filling the bulb with carbon, 
with rods of silica, the cross-section of the 
free space was only 0-05 sq. cm., and conse- 
quently the circulating gases passed rapidly 
through the zones of decreasing temperature 
in the furnace. After an experiment lasting 
10 days, there were no signs of any deposition 
of carbon arising from the decomposition of 
carbon monoxide. When sodium carbonate 
was used to accelerate the reaction, a silica 
furnace tube could not be employed, but 
because of the much greater velocity of the 
gasification of carbon the very rapid cooling 
of the gases described above was not neces- 
sary. In such experiments, a tube of non- 
porous Morgan material was used, the free space outside the carbon 
column being packed with blocks of the same material. This 
arrangement is shown in Fig. 26. In all experiments, the carbon 
was graded iy, and for each determination the amount used 
occupied a column 2?” long and {’’ in diameter in the reaction 
tube. 

The importance of the temperature factor (b) can be seen from 
the formula — Q.dT'/T = RT .d log K, from which by calculation 
it can be shown that a variation of 1° at 800° causes an error of 


Fig. 2a. Fie. 26. 
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0-1—0-2 unit in the percentage of carbon dioxide at equilibrium. 
The current control used by Rhead and Wheeler (loc. cit.), consisting 
of two sets of Nernst lamp resistances placed in series in the furnace 
circuit, satisfactorily damped out the fluctuations in the main’s 
voltage, and enabled the temperature to be maintained constant 
within + 1°. The temperature was measured by means of a 
platinum—platinum-rhodium couple with its junction alongside the 
carbon column, between the reaction tube and the furnace tube. 
The remaining details of the apparatus can be seen in Fig. 1. 

The furnace tube was connected by thick rubber joints or bungs 
to the remainder of the apparatus, the rubber being covered with a 
cement of asbestos and water glass to prevent loss of carbon dioxide 
by diffusion. It was found that carbon dioxide could be left in 
the apparatus for 24 hours without any detectable diminution in 
pressure occurring, and therefore these joints were regarded as 
satisfactory. All other joints in the apparatus were fused. 

The calcium ¢hloride in bulb C (Fig. 1) removed any moisture 
formed by oxidation of traces of hydrogen given off by the coke or 
charcoal; between two experiments it was dried by being heated 
to about 300° in a vacuum. The pressure in the apparatus was 
observed at manometer M. 

Method.—A sample of the carbon under investigation, after being 
heated for 50 hours in a vacuum at 900° to remove the residual 
volatile matter, was packed into the reaction tube and the whole 
apparatus was sealed and evacuated. The furnace temperature was 
then raised to 800°, and the apparatus was filled with carbon 
dioxide at a pressure of approximately 40 cm. of mercury. (This 
was chosen as the initial pressure in order that the final pressure 
should be approximately 76 em., but it varied slightly. In the 
following account, however, all results are caleulated to correspond 
with a pressure of 76 cm. in order to facilitate comparison.) 
Circulation was then commenced and the pressure was observed 
every 30 or 60 minutes until it became constant, whereupon 4 
sample of gas was taken. 

Experiment 1.—The influence of heat on the equilibriwm over coke 
impregnated with sodium carbonate. A sample of coke was heated 
for 50 hours in a vacuum to drive off residual volatile matter, and 
then impregnated with sodium carbonate by boiling with a 10°, 
aqueous solution and drying at 105°. By this means, 7:0°% by 
weight of anhydrous sodium carbonate was left on the coke 
surface. 

The equilibrium was determined at 800°, and then the impregnated 
coke, still in the tube, was heated at 900° under a vacuum for 
30 hours. The temperature was lowered to 800°, and another 
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determination of the equilibrium made. This procedure was 
repeated until the composition of the gases in equilibrium with the 
coke at 800° was not influenced by further heating of the coke at 
900°. The results obtained are given in Table I. 


TABLE I. 
Composition of equi- 
Time taken to librium mixture. 
Determin- Total time of attain 
ation. heating at 900°. equilibrium. CO,y, %- CO, %. 
50 hours 12 hours 7: 93-0 





0 
OG... x ae 8 91-2 
i) 15. 5 10-9 89-1 
155g, 32 -,, 13-5 
190 .,; 34 13-7 
13-8 


250 =, 55s, 


86-5 
86-3 
86-2 


8- 
0- 
3- 
3- 
3- 


It is seen that heating a coke prepared from a fusible coal and 
impregnated with sodium carbonate causes the percentage of 
carbon dioxide in equilibrium with the coke at 800° to increase 
from 7-0% to a constant value of 13-89%. The value obtained by 
Boudouard was 7-0% of carbon dioxide, whilst the constant value 
of 13-8 coincides within the limits of experimental error with the 
results obtained by Rhead and Wheeler at the same temperature, 
and it is noteworthy that the values obtained by other investigators 
(see p. 1903) lie between these two limits. 

The hypothesis is put forward that the gradual alteration in the 
equilibrium composition of the gases (until the proportion of carbon 
dioxide reaches 13-8%), which takes place when a coke is heated, 
is due to a graphitisation of the surface of the coke, and that the 
variations between the values obtained by different workers are due 
to the different methods they employed to purify their coke or 
charcoal before use. 

We have shown in other experiments (Gas Research Fellowship 
Report, Trans. Inst. Gas Eng., 1929) on the influence of heat 
treatment on the reactivity of coke, that graphitisation takes place 
most readily on the surface, where the atoms are in the most mobile 
condition. General graphitisation of the whole coke substance with 
noticeable increase of the electrical conductivity only takes place 
with appreciable velocity at temperatures above 2000° (Ruff, Z. 
anorg. Chem., 1925, 148, 313; Z. angew. Chem., 1925, 38, 1164). 
In these experiments, however, only the surface in contact with the 
gases determines the position of the equilibrium, and the condition 
of the interior of the coke has no influence. 

Experiment 2.—The equilibrium over graphite in the presence of 
sodium carbonate. The equilibrium was determined over a sample 
of natural Ceylon graphite which, in order to accelerate the reaction, 
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was first impregnated with sodium carbonate. The values obtained 
for the equilibrium gas composition in two determinations were : 


(a) 13-85% CO,; 86-15% CO, 
(b) 13-45% CO,; 86-55% CO. 


The difference between the analyses is small and could have been 
caused by a variation in the temperature of less than 2°. It is seen 
that the gas has the same composition as that in equilibrium over 
coke which has undergone a prolonged heating. The results confirm 
the hypothesis that the effect of heating is to graphitise the surface 
of the coke. 

Experiment 3.—The equilibrium over charcoal in the absence of 
sodium carbonate. The influence of heat on the equilibrium over 
coco-nut charcoal was determined without the addition of any 
foreign substance such as sodium carbonate, this type of charcoal 
being chosen as a reactive form of carbon. The results obtained 


were as follows : 
Composition of gas. 





Charcoal Heating carried 
No. Time of heating. out at CO,, %- CO, %. 
1 22 hours 850—900° 9-15 90-85 

2 50 C=, 900 10-7 89-3 

9 +27°5 ,, 1000 11-0 89-0 

99 +48-0 ,, 1010 12-0 88-0 


The results show that the influence of heating the charcoal on the 
composition of the gas in equilibrium with it at 800° was similar 
to that observed in Expt. 1 for Sharlston Wallsend coke impregnated 
with sodium carbonate, in that the percentage of carbon dioxide 
in the gas was higher the more prolonged and severe the heat 
treatment. It is noticed, however, that the percentage of carbon 
dioxide in the first determination over charcoal (viz., 9-15°%) was 
not so low as in the corresponding determination over the impreg- 
nated coke (viz., 7-0°%), even although the latter had undergone a 
more severe heating before these determinations were made. Com- 
parison of the present data with those of Table I shows also that 
the surface of coco-nut charcoal did not graphitise so readily on 
heating as that of the coke, and even after the charcoal had been 
heated for 75 hours at 1000—1010°, the percentage of carbon 
dioxide in the gas at equilibrium was considerably less than 13-8— 
the value obtained in equilibrium over the coke after prolonged 
heat treatment at 900°. 

These results are in agreement with those of other experiments 
we have made on the reactivity of cokes (loc. cit.), which have 
shown that, other conditions being the same, the more fusible a 
coal is during carbonisation, the less reactive is the coke produced 
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and the more easily is the surface of the coke graphitised by heating 
(see also Ruff, Schmidt, and Olbrich, Z. anorg. Chem., 1925, 148, 
313; Agde and Lynke, “ Von den Kohlen und den Mineralélen,” 
1928). 

It is believed that the sodium carbonate, which was present in 
Expt. 1, but not in Expt. 3, does not cause the surface to graphitise 
more readily at temperatures below 1000°; indeed, the results of 
other work indicate that its influence is rather the reverse. We 
take the view that, because of an affinity which exists between the 
sodium carbonate and tie free valencies of unsaturated carbon 
atoms, the presence of sodium carbonate on the surface of the coke 
tends to prevent such atoms coalescing into an unreactive layer. 
Thus, there are present on the surface active atoms, which, in the 
absence of the stabilising effect of the sodium carbonate, would 
rapidly condense with other carbon atoms into a less active state. 
As a result of this action, the percentage of carbon dioxide in the 
gases in equilibrium with coke when sodium carbonate is present, 
and when the heat treatment has not been too prolonged, is smaller 
than the percentage of carbon dioxide in the corresponding equi- 
librium over charcoal in the absence of sodium carbonate (see 
Expts. 1 and 3). This difference in the percentage of carbon 
dioxide at equilibrium is not caused by an inherent difference 
between charcoal and coke, since, in a determination of the equi- 
librium over charcoal after 50 hours’ heating at 900° in a vacuum 
and subsequent impregnation with sodium carbonate, the percentage 
of carbon dioxide at equilibrium was the same as that initially 
observed over the coke impregnated with sodium carbonate, namely, 
70%. 

Experiment 4.—The equilibrium over coke without the addition of 
sodium carbonate. This experiment was carried out in order to 
ascertain whether the surface of the coke (Sharlston Wallsend) after 
50 hours’ heating at 900° is graphitic when sodium carbonate is 
absent. In this experiment the method was modified because of 
the slow rate at which the coke reacts with carbon dioxide in 
absence of sodium carbonate. 

Mixtures of carbon dioxide and carbon monoxide containing 
from 7-0 to 14:2% of dioxide were circulated over the coke for a 
considerable time. By trial and error, a mixture was found which 
did not undergo any change in composition under these conditions. 
This mixture was taken as corresponding with equilibrium. 

Three determinations were made on the same sample of coke in 
the order given in the following table. The gas analyses are 
corrected for any small residue, which was never greater than 
075%. 
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Composition of Composition after 
initial mixture. Time of circulation. 

Determin- circulation ~ 
ation. CO,, %- Co, %. (hours). CO,, %: CO, %. 

a 14-2 85-8 110-0 14-0 86-0 

3 9-9 90-1 66-0 12-2 87-8 

8-3 91-7 162-0 10-5 89-5 

Equilibriem gas composition corresponding with graphite 13-8 86-2 








The results show that when the percentage of carbon dioxide in 
the mixture was a little higher than 13-8 (determination a), which 
corresponds with the equilibrium with graphitic carbon, the carbon 
dioxide content tended to decrease slightly but was practically 
constant; when, however, as in determinations 6 and c, the per. 
centage of carbon dioxide was less than 13-8, circulation caused an 
inerease in the carbon dioxide content. 

The results indicate that the surface of the Sharlston Wallsend 
coke, prepared from a highly fusible caking coal, is graphitic, in 
the absence of sodium carbonate, after 50 hours’ heating at 900° 
in @ vacuum. 

Experiment 5.—The influence of gasification on the equilibrium 
over an impregnated coke. The results of other experiments, carried 
out at about the same time as the work just described, indicated 
that the surface of a coke is not homogeneous, some of the carbon 
being more active than the remainder. 

When the coke is heated in a stream of carbon dioxide, the most 
active portions gasify first, leaving a more unreactive residue, and 
as a result, the reactivity of a coke generally decreases as gasi- 
fication proceeds. It is believed that the most active carbon is 
composed of loosely combined atoms with free valencies and conse- 
quently a high energy content. Thus, the average energy content 
of the surface should diminish as the coke is gasified, and therefore 
it is to be expected that the compositions of the gas mixtures in 
equilibrium over the coke before and after partial gasification will 
be different. The following experiment indicates that this is so. 

A sample of coke was impregnated with sodium carbonate after 
removal of residual volatile matter by 50 hours’ heating in a vacuum 
at 900°, and the equilibrium was then determined over it at 800°. 
As before, the composition of the gas at equilibrium was CO,, 7-0%; 
CO, 930%. The temperature was then raised to 850°, and 1-7 g. 
of the coke were gasified in carbon dioxide, passing at the rate of 
5 litres per hour. The equilibrium was then redetermined at 800°, 
the composition of the gas being CO,, 9:°2%; CO, 90-8%. After 
gasification of a further 0-8 g. of carbon the equilibrium showed no 
further change. The composition of the gas at equilibrium was 
CO,, 91%; CO, 909%. These results confirm the view that 
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gasification first removes preferentially the most active portion of 
the coke when it is impregnated with sodium carbonate, and after 
this portion has been consumed, the coke gasifies homogeneously 
without a further decrease in the average energy content of the 
carbon. 

In order to demonstrate that the difference in the composition of 
the gas at equilibrium before and after partial gasification was due 
to the carbon and not to any alteration in the sodium carbonate, 
the coke residue from the experiment just described was reimpreg- 
nated with sodium carbonate and the equilibrium again determined. 
The composition of the gas at equilibrium was CO,, 9-15%; CO, 
90-85%. 

Conclusions. 


The results of the experiments described indicate that the nature 
of the carbon influences the equilibrium in the system carbon-— 
carbon dioxide-carbon monoxide. 

Values for the percentage of carbon dioxide in the gas at equili- 
brium at 800° and 1 atm. pressure vary from 7-0.to 13-8%, according 
to the carbon used and its pre-treatment. 

It appears that 13-8°%, of carbon dioxide corresponds with satur- 
ated graphitic carbon, and that the lower figures are obtained when 
carbon containing active unsaturated atoms is present. 

The effect of gasifying an impregnated coke, which consists of a 
mixture of carbons having varying degrees of unsaturation, is to 
remove preferentially the most active unsaturated constituents, 
leaving a less active residue. 

Heating a carbon containing unsaturated atoms with a high 
energy content gradually transforms these into more stable atoms 
corresponding with a higher percentage of carbon dioxide at 
equilibrium. Some types of carbon undergo this change more 
readily than others, and it is minimised by impregnation with 
sodium carbonate. 

Owing to this effect of heating on a carbon, in a determination of 
the equilibrium over a carbon such as charcoal at a high temper- 
ature, if the gases were circulated for a sufficiently long time, the 
final equilibrium would be the same as that obtained over graphite. 
The final equilibrium so obtained cannot, however, be regarded as 
proper to the original carbon, and it is: to be remembered that 
graphitisation is a slow process compared with the gasification of 
carbon in industrial or domestic use. 

We have taken the view that the presence of sodium carbonate 
is without effect on the equilibrium between carbon dioxide and 


monoxide over carbon, except in so far as it influences the nature 
3T 
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of the carbon surface exposed to the gases, and that at a given 
temperature and pressure the equilibrium depends solely on the 
energy content of the carbon atoms on the surface. This opinion 
is supported by the results of Expts. 1, 2, and 5, which show that 
the composition of the gases at equilibrium varies with the type of 
carbon used and its pre-treatment, even when the amount of sodium 
carbonate present is the same, and also by the agreement of the 
results we have obtained, using (a) impregnated coke after a pro. 
longed heating and (b) impregnated graphite, with those obtained 
at the same temperature by Rhead and Wheeler, using purified 
wood charcoal which had undergone considerable heat treatment. 

The structure of the solid carbon formed by various decompos- 
itions and transformations has been the subject of several recent 
investigations, and the results are relevant to the present issue. 
Unfortunately, they differ among themselves. For example, Hof- 
mann (Ber., 1926, 59, B, 2433) concludes that charcoal is a crystalline 
carbon in which the crystals are very small, whilst Ruff and his 
co-workers (e.g., Z. anorg. Chem., 1925, 148, 313) conclude that 
amorphous carbon as an individual modification is in better agree- 
ment with the influence of heat upon it, and that when charcoal is 
heated, its properties do not change continuously to those of 
graphite, but in stages. 

It should be noticed that, whereas Hofmann investigated carbons 
formed by deposition from the gaseous phase, Ruff’s work was 
carried out on carbon prepared by the decomposition of a solid, 
which, during the decomposition, did not liquefy or vaporise. Thus, 
while it is conceivable that atoms in deposited carbons are regularly 
arranged in the graphitic lattice, it is equally conceivable that in 
charcoal prepared from a substance in which originally the carbon 
atoms are certainly not so arranged, a stage is passed through in 
which the substance can be rightly classed as “‘ amorphous.” 

As the work of Hofmann (loc. cit.) showed that carbon deposited 
from carbon monoxide is crystalline, the size of the crystals and 
consequently the heat of combustion of the carbon varying with 
the conditions of decomposition, it is to be expected that the 
composition of the mixture of carbon dioxide and monoxide at 
equilibrium in the system C + CO, == 2CO, when determined by 
the decomposition of carbon monoxide, will vary with the nature of 
the deposited carbon, as it does when the equilibrium is approached 
from carbon and carbon dioxide. 


DEPARTMENT OF Coat GAS AND Fuet INDUSTRIES, 
Tae University, LEEps. (Received, June 12th, 1929.] 
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CCL.—Studies in Keto-lactol Tautomerism. Part III. 
Influence of Bulky Substituents on the Tautomerism 
of a-Carboxy-y-acetyl-B-methyl-B-ethyl-butyric and 
-BB-diethylbutyric Acids. 

By MunamMaD QupRAtT-I-KHUDA. 


In previous parts of this series (this vol., pp. 201, 713) the effects of 
gem-dimethyl groups and cyclohexane and cyclopentane ring systems 
on the tautomerism of the 3-ketodibasic acids of type (I) == (II) 
were studied, and it was shown that cyclohexane-1-acetone-1-malonic 
acid (I; RR’ = C;H,,>) was readily converted via (II) into the 
corresponding dilactone (IV) on being heated in certain high- 
boiling organic solvents. On the other hand, when the substituents 
were either gem-dimethyl groups or part of the cyclopentane ring, 
the conversion of the acids into the dilactone took place only to a 
small extent in solution, but more readily in the presence of some 
dehydrating agents or concentrated hydrochloric acid. When 
the acids were heated alone in the liquid state, an equilibrium mixture 
was formed consisting of both the forms (I) and (II), which yielded 
respectively the dilactone (IV) and the keto-monobasic acid (III) 
by decomposition. 


H,*COMe CH,———CMe:0H 
(.) RR’C 


<a O (II.) 
H(COH Sys HCO, 


Y Y 
CH,°COMe Me—O 
(l.) RR’C H, | (IV.) 
'H,°CO,H RR’ 
O——CH—CO 


It was thought desirable to examine the rdle played by bulky 
substituents on the tautomerism of these acids, and in the present 
communication the effects of methylethyl and gem-diethyl groups 
on the tautomerism of the corresponding acids (I; RR’ = Me,Et) 
and (I; RR’ = Et,) are described. 

The present series of investigations indicates, in accordance with 
the views of Thorpe and his collaborators (Dickens, Kon, and Thorpe, 
J.,1922, 124, 1496; Deshapande and Thorpe, ibid., p. 1430; Ingold, 
Sako, and Thorpe, ibid., p. 1181; Singh and Thorpe, J., 1923, 123, 
113), that qualitatively the effect of the groups examined on the 
carbon tetrahedral angle is in the order : cyclohexane >gem-diethyl 
>methylethyl>gem-dimethyl. 

The position of gem-diethyl with respect to methylethyl is shown 
by the fact that the amount of dilactone obtained by the pyrogenic 
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decomposition of «-carboxy-y-acetyl-88-diethylbutyric acid (I; RR’ = 
Et,) represents 45% of the dibasic acid, whilst that from «-carboxy-y. 
acetyl-8-methyl-B-ethylbutyric acid (1; RR’ = Me,Et) represents 
only 32%. Both these acids undergo conversion into the dilactone 
when heated in benzene solution for some time, the change in the 
case of the diethyl compound being more marked. It should also 
be mentioned that the cyclopentane and gem-dimethyl homologues 
partly undergo the same conversion on prolonged heating in solution. 

For the preparation of «-carboxy-y-acetyl-8-methyl--ethyl. 
butyric acid (I; RR’ = Me,Et), methyl §-methyl-A+-buteny| 
ketone (V) was required. By the action of zinc methyl iodide 
on the acid chloride of either 8-methyl-A*- or -A*-pentenoic acid, 
a ketone was obtained which appeared to be a mixture of the 
unsaturated ketones (V) and (VI), giving a eutectic mixture of semi- 
carbazones, m. p. 86°, which could not be separated into the two 
components (compare Abbott, Kon, and Satchell, J., 1928, 2514). 

v.) Mesc:cH-COMe CH, CH>C'CH,'COMe (VI.) 

When the mixture of ketones was condensed with sodiocyanoacet- 
amide, 6-hydroxy-2-keto-3-cyano-4 : 6-dimethyl-4-ethylpiperidine (VII; 
RR’ = Me,Et) was obtained, whilst a similar condensation with 
methyl $-ethyl-A*-buteny]l ketone or its A’-isomeride gave 6-hydroxy- 
2-keto-3-cyano-6-methyl-4 :4-diethylpiperidine (VII; RR’ = Et,) 
in fairly good yield. These piperidine derivatives on alkaline 
hydrolysis give «-carboxy-y-acetyl-8-methyl-8-ethylbutyric and 
-68-diethylbutyric acids, respectively, and these acids on esterific- 
ation give the normal keto-esters (VIII). The ethoxy-ester (IX) 

CH,——CMe:0OH SH,"COMe 
(VIL.) RR>CC SNH RR’ < 
CH(CN)-CO CH(CO,Et), 

could not be obtained, but in the case of the diethyl compound it 
was necessary to esterify the acid through the silver salt, for other. 
wise the ordinary processes of esterification give an impure mixture 
of the normal ester together with a small quantity of the dilactone. 
The esters give well-defined semicarbazones in conformity with theit 
keto-configuration. Although the acids also give semicarbazones, 
they react in their lactol form in the presence of dehydrating agents 
or concentrated hydrochloric acid. 


H,———CMe-OEt H,-C 
(IX.) RRSC a RR SC (x) 
CH(CO,Et)‘CO CH,-C 


These acids on being heated alone a few degrees above theif 
melting points decompose into the respective dilactones and the cot- 


(VII) 
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responding keto-monobasic acids (III), the ethyl esters of which 
were synthesised for the purpose of comparison from the acid esters 
of the respective glutaric acids through the Blaise—Maire reaction. 
Ethyl y-acetyl-8-methyl-8-ethylbutyrate (3-keto-8-methyl-8-ethyl- 
n-hexoate) is converted into 5-methyl-5-ethyldihydroresorcinol (X ; 
RR’ = Me, Et) when heated with alcoholic sodium ethoxide solu- 
tion, whilst the higher homologue is-similarly converted into Kon 
and Linstead’s diethyldihydroresorcinol (X; RR’ = Et,) (J., 1925, 
127, 818). 

These ethyl esters, on hydrolysis, yield the corresponding keto- 
monobasic acids, which have been compared through their semicarb- 
azones with the acids obtained by the pyrogenic decomposition of 
the corresponding dibasic acids. The monocarboxylic acids also 
exist in their lactol form (XI), for when treated with acetyl chloride 
they yield the corresponding unsaturated lactones (XII), apparently 
through the lactol form, by the loss of a molecule of water. 

' —_ H,"CMe-OH woe + vial 
(XI.) RR’ O RR’ -) 
“oH on 
Ordinary levulic acid reacts in its lactol modification (XIII), 
giving the acetyl derivative (XIV)by treatment with acetic anhydride 
(Bredt, Annalen, 1890, 256, 314), and a series of substituted levulic 


acids is now under investigation in order to determine the extent 
of this tautomeric change and its dependence on structure. 


(XIIL.) CH, H,"CMe-OH CH, He CMe-OAc (XIV.) 


CO—-O *CO-O 


EXPERIMENTAL. 
Methylethyl Series. 


Synthesis of the Mixture of the «8- and By-Unsaturated Isomerides 
of Methyl §-Methyl-Ac-butenyl Ketone—The same ketone was 
prepared by the action of zinc methyl iodide on the acid chloride 
of both 6-methyl-Ae- and -Aé-pentenoic acid, the yield being about 
40°, in each case. When treated with semicarbazide acetate in the 
usual way, the ketone readily yields a high-melting solid (a semi- 
carbazide semicarbazone ?) together with a semicarbazone, which is 
very soluble in methyl alcohol, but crystallises from benzene—light 
petroleum ; m. p. 86° (Found : C,57-0; H,7-9. C,H,,ON, requires 
C, 56-8; H, 8-8%). Only once, a second semicarbazone was obtained 
from the ketone prepared from the acid chloride of 8-methyl-A-- 
pentenoic acid; it crystallised from dilute methyl alcohol in shining 
plates, m. p. 155° (Found : C, 56-5; H, 90%). The ketone regener- 
ated from the semicarbazone of m. p. 86° has b. p. 40°/10 mm., 
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dii* 0-85631, ni§* 1-44010, whence [R,]p 34-48 (calc., 34-07) (Found: 
C, 74-9; H, 11-0. Cale. for C,H,,0: C, 75-0; H, 10-7%). Addi. 
tion of iodine to an M /300-solution of this ketone in chloroform was 
carried out by the method of Linstead and May (J., 1927, 2565); 
the value obtained in 10 minutes was 55%, whence the ketone con. 
sists of a mixture of the «$- and Sy- unsaturated isomerides. 

6-H ydroaxy-2-keto-3-cyano-4 : 6-dimethyl-4-ethylpiperidine (VII; 
RR’ = Me,Et).—Methyl {-methyl-A*-butenyl ketone (25-2 g,) 
was heated with a suspension of sodiocyanoacetamide (from 18-9 g. 
of cyanoacetamide in 200 c.c. of hot alcohol, and 5-2 g. of sodium in 
70 c.c. of alcohol), according to the general method already described 
(this vol., p. 716). The condensation product (27 g.) was recrystal. 
lised from hot water (Found: C, 61-0; H, 8-4. Cy, H,,0,N, 
requires C, 61-2; H, 8-2%). It is a beautifully crystalline solid, 
m. p. 240°, soluble in hot water, alcohol, and acetic acid, but insoluble 
in benzene, chloroform, and ether. 

a-Carboxy-y-acetyl-B-methyl-B-ethylbutyric Acid—The piperidine 
compound (25 g.) was hydrolysed with aqueous caustic potash 
(25 g. in 110 c.c.) by heating for 16 hours. The acid, isolated in the 
usual way, slowly solidified in a vacuum desiccator (25 g.); it 
crystallises from chloroform-—ethyl bromide and melts at 89° (Found: 
C, 55-6; H, 7-8; M, by titration, 216. C, H,,.0; requires C, 55-6; 
H, 7-4%; M, 216). The acid is soluble in most organic solvents, 
but not in ethyl bromide or light petroleum. When heated ina 
benzene solution for about an hour, 18° of it was transformed into 
the dilactone described below. It gives a semicarbazone, which 
crystallises from hot water and melts at 166° (Found: C, 4855; 
H, 7-1. C,,H,,0;N, requires C, 48-4; H, 7-0%). When esterified 
with alcoholic hydrogen chloride the acid gives only the open-chain 
diethyl ester, b. p. 154°/10 mm., djf* 1-0414, ni§* 1-44873, whence 
[Rz]o 70-02 (cale., 70-17) (Found: C, 61:6; H, 9-1. C,,H,,0; 
requires C, 61-8; H, 8-8%); this gives a semicarbazone, which 
crystallises from benzene—petroleum in clusters of needles, m. p. 
89° (Found: C, 544; H, 8-4. C,;H,,O;N, requires C, 547; 
H, 8-:2%). 

Behaviour of «-Carboxy-y-acetyl-B-methyl-B-ethylbutyric Acid on 
Heating : Formation of the Dilactone (as IV) and of y-Acetyl-f-methyl 
8-ethylbutyric Acid.—The acid (5-47 g.) was heated at 130—140° for 
5 hours and the melt was cooled, dissolved in benzene, and extracted 
with dilute sodium carbonate solution. When the benzene layel 
was dried and the solvent removed, 1-78 g. of the solid dilactone wert 
obtained (representing 33% of the total acid); this crystallised from 
dilute alcohol and had m. p. 82° (Found : ©, 60-5; H, 7-3. CipHy4s 
requires C, 60-6; H, 7-1%). When hydrolysed with dilute caustit 
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alkalis, the dilactone gives «-carboxy-y-acetyl-8-methyl-f-ethyl- 
butyric acid as the sole product, and when heated alone it decomposes 
slowly at 220° into the unsaturated lactone described below. 

The sodium carbonate extract on acidification gave 2-68 g. of an 
oily acid, identified as y-acetyl-$-methyl-8-ethylbutyric acid (see 
below) (Found, for the silver salt : Ag, 38-7. C,H,,0,Ag requires 
Ag, 38-7%). The acid readily gave a semicarbazone, which crystal- 
lised from hot water or dilute alcohol; m. p. 152° (Found: C, 
52:3; H, 8-3. Cy, 9H, 0,N, requires C, 52-4; H, 8-3%), unaltered 
in admixture with the semicarbazone of the synthetic keto-acid 
described below. 

Synthesis of Ethyl y-Acetyl-8-methyl-8-ethylbutyrate —8-Methyl-8- 
ethylglutaric acid, obtained by Singh and Thorpe’s method (loc. cit.), 
readily yields an anhydride on heating with acetic anhydride ; its 
anhydride (80 g.), when boiled with alcohol (120 ¢.c.) on the steam- 
bath for 3—4 hours, was converted into ethyl hydrogen $-methyl-8- 
ethylglutarate, which was isolated in the usual way and obtained, 
on removal of the solvent, as a somewhat thick oil (Found for the 
silver salt: Ag, 35-1. Cy 9H,,O,Ag requires Ag, 35-0%). The acid 
ester (40 g.) was mixed with thionyl chloride (30 c.c.) and heated 
ina water-bath at 50—60° for 1} hours, the excess of thionyl chloride 
was removed under diminished pressure, and the residue thus 
obtained added to a well-cooled benzene solution of zine methyl 
iodide (compare this vol., p. 208). The required ester, isolated 
from the benzene solution, boils at 120—126°/18 mm., and when 
regenerated from the semicarbazene it has b. p. 112°/10 mm., 
d:* 0-967526, nif* 1-43899, whence [R, |p 54-37 (calc., 54-56) (Found : 
C, 66-0; H, 10-0. C,,H.».0, requires C, 66-0; H, 10-0%); the 
semicarbazone, crystallised from methyl alcohol, had m. p. 94° 
(Found: O, 55-8; H, 9-1. C,,H,,0,N, requires C, 56-0; H, 8-9%). 
The substituted butyric ester (4:5 g.), when heated with sodium 
(0-5 g.) in absolute alcohol] (30 c.c.) for 4 hours on the steam-bath, 
gave 5-methyl-5-ethyldihydroresorcinol (2-4 g.), which gives an 
orange colour with alcoholic ferric chloride, dissolves in dilute alkalis, 
and crystallises from benzene—petroleum in prismatic needles, m. p. 
106° (Found : C, 69-9; H,9-1. C,H,,0, requires C, 70-1; H,9-1%). 

Preparation of y-Acetyl-8-methyl-8-ethylbutyric Acid —The above 
ester (30 g.) was heated on the steam-bath for 5 hours with caustic 
potash (30 g.) in water (30 c.c.) and enough alcohol to give a uniform 
solution. The alcohol was then removed, and the residue was 
diluted with water, freed from unchanged ester by extraction with 
ether, and then acidified. The precipitated oi] was dissolved in 
ether, the solution dried, and the solvent removed ; the thick syrupy 
residue obtained was distilled under low pressure. y-Acetyl-B- 
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methyl-8-ethylbutyric acid boils at 150°/10 mm., and has d}$* 1-0425, 
ni; 1-45773, whence [R;]p 45-0 (cale., 45-31) (Found: C, 62:8; 
H, 9-5; M,-by titration, 172. CgH,,40, requires C, 62-8; H, 9-3; 
M, 172); the semicarbazone from this synthetic acid melted at 152° 
(Found: ©, 52:5; H, 8-5%). 

Action of Acetyl Chloride on y-Acetyl-8-methyl-B-ethylbutyric Acid. 
—The acid (7 g.) was treated with excess of acetyl chloride (10 c.c.) 
and heated on the steam-bath under reflux until the evolution of 
hydrogen chloride had ceased (14 hours) ; the excess of acetyl chloride 
was decomposed with water, and the oil that separated was extracted 
with ether, washed with sodium carbonate solution, dried, and 
distilled in a vacuum. The lactone of 3-hydroxy-8-methyl-f-ethy!- 
Ay-hexenoic acid (as XII) has a characteristic odour and has b. p. 
90°/10 mm., di3* 0-991443, nif* 1-4622, whence [R,;|p 42°72 (cale., 
42-75) (Found: C, 70-1; H, 9-1. C,H,,0, requires C, 70-1; H, 
9-1%). 


Diethyl Series. 


Methyl §-ethyl-As-butenyl ketone was prepared by Kon and 
Linstead’s method (loc. cit.). From both the «$- and the fy- 
isomeride, the same condensation product was obtained, but as the 
former gave a better yield, it was mainly used in the following 
process ; after two distillations, it had b. p. 62°/15 mm., dj’ 0-86224, 


nif" 1-44773. 

6-H ydroxy-2-keto-3-cyano -6-methyl-4 :4-diethylpiperidine (VII: 
RR’ = Et,)—NMethyl §-ethyl-A*-butenyl ketone (38 g.) was 
condensed with cyanoacetamide (25 g.) in 288 c.c. of alcohol con- 
taining sodium (7 g.); the condensation product (yield 48 g.) crystal- 
lised from dilute acetic acid, and had m. p. 251° (Found: C, 61-9; 
H, 8-6. C,,H,,0,N, requires C, 62-3; H, 8-6%). It is soluble in 
hot water, alcohol, and acetic acid, but practically insoluble in cold 
water, benzene, and ether. When heated with concentrated hydro- 
chloric acid, it gave the dilactone described below as the only product. 

Preparation of «-Carboxy-y-acetyl-B8-diethylbutyric Acid.—The 
above condensation product (48 g.) was hydrolysed with potassium 
hydroxide (48 g.) in 210 c.c. of water by heating for 40 hours ona 
san.’ : oth (shorter periods give low yields). The acid isolated in 
the usual way solidified in a vacuum desiccator (47 g.); when 
crystallised from chloroform-ethyl bromide it melts at 97° (Found: 
C, 57-4; H, 7-8; M, by titration, 230. C,,H,,0,; requires (, 
57-4; H, 78%; M, 230); the semicarbazone, m. p. 158° (Found: 
C, 50-2; H, 7-6. C,,H,,0;N, requires C, 50-2; H, 7-3%), crystal- 
lises from hot water. The acid is converted into the dilactone to 
the extent of 68% on being heated for about an hour in a benzene 
solution. 
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The ethyl ester of the above acid (VIII; RR’ = Et,), prepared 
by heating the dry disilver salt with excess of ethyl iodide in absolute- 
alcoholic solution, and isolated in the usual way, boils at 167°/12 
mm., and has d}i* 1-0405, n{® 1-45553, whence [R;], 74-79 (calc., 
74:79) (Found: C, 62-9; H, 9-1. C,;H,,O,; requires C, 62-9; H, 
9:1%); its semicarbazone, crystallised from benzene-light petroleum 
(b. p. 680—80°), melts at 88° (Found : C, 55-8; H, 8-8. C,,H,,0;N; 
requires C, 55-9; H, 8-4%). 

Behaviour of «-Carboxy-y-acetyl-88-diethylbutyric Acid on Heating : 
Preparation of the Dilactone (as IV) and of y-Acetyl-88-diethyl- 
butyric Acid.—The keto-dibasic acid (7 g.) was heated and the pro- 
duct worked up under exactly the same conditions as for the lower 
homologue (p. 1916); the dilactone obtained (2-9 g., representing 45°% 
of the total acid) crystallises from dilute alcohol and melts at 113° 
(Found : C, 62-1; H, 7-8. C,,H,,0, requires C, 62-2; H, 7-6%). 

The alkaline extract on acidification gave 3-05 g. of y-acetyl-88- 
diethylbutyric acid as an oil; the semicarbazone, which crystallised 
from methyl alcohol, melts at 155° (Found: C, 54:2; H, 8-8. 
C,,H,,0,N, requires C, 54:3; H, 8-6%), and is identical with that 
obtained from the synthetic acid described below. 

Synthesis of Ethyl y-Acetyl-88-diethylbutyrate.—88-Diethylglutaric 
acid, obtained by the method described by Deshapande and Thorpe 
(loc. cit.), gave an anhydride when heated with acetic anhydride, 
and when boiled with twice the required quantity of absolute 


§ alcohol, this anhydride was converted into the acid ester, obtained 


as a thick syrupy liquid (Found, for the silver salt: Ag, 33-4. 
C,,H,,0,Ag requires Ag, 33-4%). The ethyl hydrogen £8-diethyl- 
glutarate (35 g.) was heated with a slight excess of thionyl chloride 
(15 c.c.) at 60—65° in a water-bath until evolution of hydrogen 
chloride had ceased, excess of thionyl chloride was removed under 
reduced pressure at the same temperature, and the residue without 
further purification was added to a cold benzene solution of zinc 
methyl iodide. The ethyl y-acetyl-88-diethylbutyrate (27 g.) obtained 
in the usual way boils at 120—126°/12 mm., and when regenerated 
from the semicarbazone has b. p. 125°/11 mm., dj§* 0-966424, n§* 
144392, whence [R,; |p 58-81 (calc., 59-28) (Found : C, 67-2; H, 10-3. 
C,,H,.0, requires C, 67-3; H, 10-3%). The semicarbazone, crystal- 
lised from dilute methyl alcohol, melts at 93° (Found: C, 57-2; 
H, 9-5. C3H,,;0,N, requires C, 57-5; H, 9-2%). 
y-Acetyl-88-diethylbutyric Acid —The crude ester, when hydrolysed 
by alcoholic caustic potash, gave a thick syrupy liquid consisting 
of y-acetyl-88-diethylbutyric acid and a small quantity of 8-diethyl- 
glutaric acid; separation was effected by treating the mixture with 
hot oper (b. p. 60—80°) in which the latter is insoluble. The 
T2 
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petroleum was distilled from the solution and the residue fraction- 
ated under diminished pressure; the acid was thus obtained as a 
colourless syrupy liquid, b.p. 158°/10 mm., di!* 1-04214, n}* 1-46639, 
whence [R,]p 49:47 (calc. for open-chain form, 49-93) (Found : (, 
64-2; H, 9-8; M, by titration, 186-5. C,)H,,0, requires C, 64:5; 
H, 98%; M, 186); the semicarbazone (Found: C, 54-1; H, 
8-7%) melts at 155° (compare above). 

Action of Acetyl Chloride on y-Acetyl-88-diethylbutyric Acid.—The 
syrupy acid (5 g.) and acetyl! chloride (10 c.c.) were allowed to react 
as in the case of the lower homologue (p. 1918), and the product was 
worked up as before. The lactone of 8-hydroxy-8$-diethyl-Ay- 
hexenoic acid boils at 106°/10 mm., and has dj!” 0-996021, nif 
1-46867, whence [R,], 47:19 (cale., 47-36) (Found: C, 71-4; H, 
9-8. OC, 9H,,O, requires C, 71-4; H, 9-5%). 


In conclusion, the author desires to record his grateful thanks to 
Professor J. F. Thorpe, C.B.E., F.R.S., for his kind interest in this 
investigation, and to the Government of Bengal for a foreign scholar- 
ship and a grant towards the purchase of chemicals. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
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CCLI.—Experiments on the Oxidation of Phosphorus 
Vapour. 
By Epmunp Jonn Bowen and ALEXANDER Corry CAVELL. 


THE oxidation of phosphorus vapour by oxygen has recently been 
shown to be a “chain ” reaction by considerations of its general 
kinetics (Biackstrém, Medd. K. Vetenskapsakad. Nobel-Inat.,6, No. 16, 
40), and by experiments on its upper and lower critical limits of 
oxygen pressure (Rayleigh, Proc. Roy. Soc., 1924, A, 106, 1; 
Semenov, Z. Physik, 1928, 46, 109). A small proportion (Bowen 
and Pells, J., 1927, 1096) of the activated molecules produced in 
the chain mechanism are deactivated by the emission of light, 
producing the glow. The experiments to be described consist of 
measurements made on the variation of the intensity of the glow with 
(a) temperature and oxygen pressure, and with concentrations of 
(6) ozone, (c) chlorine or sulphur dioxide, and (d) ether added to the 
system. 
EXPERIMENTAL. 

The white phosphorus was purified by treatment with acidified 
potassium dichromate solution, washing, and drying. 

The intensity of the glow was measured by exposing a panchro- 
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matic plate to the glow for a fixed time. On every plate a photo- 
graph through an Ilford neutral gelatin wedge was taken by the 
light of a standard electric lamp running at a carefully controlled 
voltage, and placed a definite distance away. The light passed 
through a filter to make its spectral distribution approximately 
equal to that of the glow. The plates were measured with a pin- 
hole photo-electric cell photometer kindly lent by Mr. Griffith, of 
the Clarendon Laboratory (see Dobson, Griffith, and Harrison, 
“ Photographic: Photometry,”’ Chap. III, Clarendon Press). This 
instrument eliminates errors due to variations in the intensity of 
ithe measuring light source, and has other advantages over older 
types. The intensity of the glow was determined by finding with 
the photometer the position on the wedge photograph where the 
blackening was equal to that due to the glow. By this means 
variations between the degrees of development of different plates and 
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the complications due to the laws of photographic plates were 
avoided. No obvious change of colour of the glow was noticeable 
in the different experiments, so there is no reason to suspect errors 
due to differences in the spectral distribution of the glow under 
different conditions. 

(a) The Effect of Temperature and of Oxygen Pressure on the Intensity 
of the Glow.—White phosphorus was contained in the U-tube, A 
(Fig. 1), kept at 26-7° in a thermostat. A current of nitrogen, freed 
from oxygen by passage through a long heated silica tube containing 
copper, and dried with sulphuric acid, passed through a flow-meter 
and over the phosphorus. The nitrogen and phosphorus vapour 
then passed through a tube, wound with nichrome wire electrically 
heated to prevent condensation, into a wider glass tube in an electric 
furnace, E. Oxygen was led through a flow-meter into an annular 
tube as shown in the figure, so that both gases were heated before 
mixing to produce the glow at B. The photographic plate was 
placed in the box, C. The temperature of the furnace was found 
by a calibrated thermocouple placed near the point B. The results 
are given in Table I. 
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TABLE I. 
Partial Partial 
press. of Intensity press. of Intensity 
Temp. oxygen(mm.). of glow. Temp. oxygen(mm.). of glow. 
59° 243 6-43 212° 118 5-65 
67 195 5-6 319 38°5 
105 335 5-58 328 335 
115 118 5-68 354 195 
115 355 5-70 355 355 
130 249 6-24 357 118 
179 235 5-37 377 195 
192 195 5-60 380 243 
204 38°5 5-64 


It appears that between temperatures of 60° and 380° and oxygen 
pressures of 40—350 mm. of mercury the intensity of the glow does 
not vary appreciably. Plates taken 
at higher temperatures showed darker 
- glow photographs, but this was traced 
ae pie N to the radiation coming from the hot 
furnace. This independence of the 
intensity of the glow over so large a 


range of temperature and pressure is 
in agreement with the “chain” 


Fia. 2. 








mechanism of the oxidation. The 
amount of phosphorus oxidised in each 
experiment is the same, and a rise of 
temperature, by increasing the colli- 
sion frequency, merely increases the 
speed of propagation of the chains. 
The ratio of activated molecules 
producing light to the total activated 
molecules in the chains, which is about 1/2000 (Bowen and Pells, 
loc. cit.), is not greatly affected by temperature, as the energy of an 
activated molecule in the oxidation chains is about 150,000 cals. 
(Backstrém, loc. cit.), and the factors determining it are operating 
on molecules not of ordinary low eriergy, but of this very high 
energy. 

(b) Experiments with the Addition of Ozone-—The apparatus for 
these experiments is shown in Fig. 2. Nitrogen passed at 4 
measured rate over the phosphorus contained in the tube A, while 
oxygen and an oxygen-ozone mixture, generated electrolytically 
(Griffith and Shutt, J., 1921, 149, 1948) and dried with sulphuric 
acid, passed at a measured rate through a concentric tube as shown. 
The ozone concentration was varied by altering the current passif 
through the generator, and measured by passing it into a neutral 
solution of potassium iodide, acidifying, and titrating with thio- 
sulphate solution. The glow was formed in the region B, surrounded 
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by the wider tube sealed with sulphuric acid at the lower end and 
closed at the top with a plane glass plate. The photographic plate 
was placed at C. The whole of the glass apparatus was immersed 
in a light-tight thermostat to eliminate condensation and to keep 
the partial pressure of the phosphorus vapour constant. The results 
are shown in Tables II and III. 


TABLE II. TaBce III. 
Lower ozone concentrations. Higher ozone concentrations. 


Ozone, %. Intensity of glow. Intensity of glow. 
0 5-15, 5-14, 5-12, 5-16 — 
0-0225 5-12 Ozone, %. Cale. 
0-0227 5-28 0-559 4 6-24 
0-048 5-06 0-75 “73 6-8 
0-07 5-25 1-0 ‘ 7-54 
0-095 5-10 1-35 5: 8-57 
0-128 5-06 1-37 Dy 8-63 
0-137 5-13 1-53 > 9-1 
0-195 5-15, 5-19, 5-07 


From these results it appears that up to 0-14% of ozone there is 
no increase of glow intensity. Above this point the glow intensity 
increases linearly with the percentage, according to the expression 
5 + 2-95 (a — 0-14), where a is the percentage of ozone, as shown 
in the “calculated” column. This effect is independent of the 


oxygen pressure. 

The effect of ozone in increasing the glow intensity is due either 
to the suppression of some inhibitor or to the appearance of a new 
chain mechanism. If it is due to the latter cause, the critical 
percentage of 0-14 may be the lower pressure limit for the new 
mechanism, below which it is not self-propagating. 

(c) Experiments with the Addition of Chlorine or Sulphur Dioxide. 
—The same apparatus as in (b) was used, except that chlorine, 
generated from potassium permanganate and concentrated hydro- 
chlorie acid, was introduced into the oxygen stream instead of 
ozone. Chlorine was found to decrease the glow, and at high con- 
centrations to extinguish it. The results are given in Table IV, 
the partial pressure of chlorine being expressed as a fraction of that 
of oxygen. 

In these three series of measurements, the amount of phosphorus 
carried over per second remained constant, whilst the oxygen flow 
was varied from 0-039 to 0-996 c.c./sec., and the Cl,/O, ratio from 
0 to 2-74. The whole of the results are closely represented by the 
equation, Intensity = 6-7 (1 — 0-433 Cl,/O,), as shown in the 
“calculated ” columns. This equation, although simple, does not 
seem to be easily explicable in terms of a reaction mechanism. 
It is different in type from that found by Backstrém (loc. est.) for 
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TaBiLe IV. 


(i) Rates of flow : (ii) Rates of flow : (iii) Rates of flow : 
N,, 1-91 c.c./sec. N,, 1-91 c.c./sec. N,, 1-91 ¢.c./sec. 
O,, 0-996, O,,0-188_ ,, O,, 0-039. __,, 


Intensity. Intensity. Intensity. 


i i, tt, 
Cl,/O,. Obs. Cale. Cl,/O,. Obs. Cale. Cl,/O,. Obs. Cale. 
0 6-58 4 0 6-7 0 6-7 6-7 

6-81 , 00-0647 6-6 6-51 
0-0547 6-48 . 0-170 0-118 P 6-35 
0-269 5-95 92 0-178 0-251 c 5:97 
0-403 0-362 0-346 * 5:70 
0-534 0-372 
0-605 0-413 
0-617 0-496 
0-703 0-521 
1-02 0-526 
1-055 0-537 
1-066 0-710 
1-074 0-91 
1-173 1-365 
1-193 1-574 
1°454 
1-48 
1-506 
1-52 
2°07 
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0-659 : 4-79 
0-741 . 4°55 
0-831 : 4-29 
0-99 . 3°82 
1-06 : 3-62 
1-21 : 3°19 
1-26 . 3-05 
1-28 : 2-99 
1-71 : 1-74 
2-49 0 

‘é -74 0 
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the effect of inhibitors on the benzaldehyde-—oxygen reaction, which 
is of the form: Rate = k/(a + c), where a and & are constants and 
c is the inhibitor concentration. The intensity of the glow decreases 
linearly with increase in the Cl,/O, ratio, and by extrapolation 
appears to become zero when this is about 2-3. It was noticed 
by visual observation, however, that the glow persisted up to a ratio 
of 6-8, where it flickered faintly, being sharply extinguished at a 
ratio of 6-9. The effect of chlorine on the glow is therefore linear 
with respect to the Cl,/O, ratio over a large range, but when the 
glow is reduced to less than one-fifth of its intensity, further addi- 
tions of chlorine do not exert the same quenching power. 

Measurements were made with sulphur dioxide in place of chlorine. 
The diminution of intensity produced by this gas is very much les 
than that produced by chlorine, and in this case the effect appears 
to be approximately linear with respect to the SO,/O, ratio over 
almost the whole range to the extinction point. Visual determin- 
ations of the extinction point showed that it occurred at a ratio of 
140, whilst that determined by extrapolation is about 200. At high 
concentrations of sulphur dioxide the glow spread from its small 
flame-like appearance so that it filled the whole vessel. Table V 
gives the results, SO,/O, denoting the ratio of the partial pressures 
of the two gases. 

The effect of the two inhibitors chlorine and sulphur dioxide is 
therefore similar in that a straight line is obtained when glov 





EXPERIMENTS ON THE OXIDATION OF PHOSPHORUS VAPOUR. 1925 


TABLE V. 


Rate of flow of oxygen, 0-190 c.c./sec. 


S$O,/O,. Intensity. SO,/O,. Intensity. SO,/0,. Intensity. 

4:18 2-40 4-19 23-4 3°51 

4-41 3-98 3-99 24-0 3-18 

4°25 10:7 3°86 24- 3:47 

4-35 10-9 3-75 25: 3-13 

4-43 18-1 3-6 25- 3°29 

4-14 20-6 3-56 28- 3-15 

4-02 21-6 3°45 2- 2-01 
intensity is plotted against the (inhibitor)/O, ratio, although the 
curve for chlorine ceases to be linear at very high chlorine con- 
centrations. This may be due to the fact that chlorine, in combin- 
ing with phosphorus, can stimulate the formation of some oxygen 
reaction chains, whilst sulphur dioxide acts as a simple inhibitor. 
Data on the effect of other inhibitors are necessary before a full 
explanation of the results can be given. 

(d) Experiments with the Addition of Ether —In these experiments 
nitrogen was led over ethyl ether contained in a long tube at constant 
temperature, and passed with the oxygen to the phosphorus vapour, 
the total pressure being atmospheric. The concentration of ether 
vapour was calculated from its vapour pressure at different 
temperatures. From the results in Table VI, in which the column 


TaBLe VI. 


Ether/O,. Intensity. Ether/O,. Intensity. Ether/O,. Intensity. 
0 5-25 7°38 5-06 23-7 5-18 
5-05 7-8 5:18 24-1 4-47 
4-97 11-0 4-71 29-6 4-73 
4:87 15-6 5-12 41-3 4°83 
4-91 15-8 4-71 52-1 5-14 
“ Ether/O, ’’ denotes the ratio of partial pressures, it appears that 
even when the ether concentration is 50 times that of the oxygen 
the glow intensity is not changed. This is a very remarkable result 
in view of the great effect of ether in lowering the maximum glow 
pressure in moist oxygen (Centnerszwer, Z. physikal. Chem., 1898, 
25, 1). In these experiments the gases were dried with sulphuric 
acid, which eliminates the phenomenon of the maximum glow 
pressure. Under these conditions, then, ether has no effect on the 
reaction chains, even when present in enormous quantities. 


Summary. 


(1) Within the temperature range 60—380°, there is no appreci- 
able change in the intensity of the glow of the oxidation of phos- 
phorus vapour. This is inagreement with the “ chain ’” mechanism 


of the oxidation. 





1926 PHENOXYETHYLANILINE AND RELATED COMPOUNDS. PART I. 


(2) Small quantities of ozone do not affect the glow, but beyond 
a certain concentration its intensity is increased linearly with the 
concentration. 

(3) Chlorine and sulphur dioxide diminish the glow intensity 
linearly with the (inhibitor)/O, ratio over a large range, the former 
being much more effective than the latter. There is an indication 
that the reaction of chlorine with phosphorus can stimulate the 
production of chains involving oxygen. 

(4) Ether vapour has no effect on the glow intensity, even when 
present at a partial pressure 50 times that of the oxygen (dried with 
sulphuric acid). This is in curious contrast to the great effect of 
small quantities of ether on the upper glow pressures of moist 
oxygen—phosphorus mixtures. 

PuysicaAL CHEMISTRY LABORATORY, 


BALLIOL AND TRINITY COLLEGES, 
OxFORD. [ Received, June 22nd, 1929.] 





CCLII.—Phenoxyethylaniline and Related Compounds. 
Part I. 


By Davin Henry Peacock, Manpat BuHaTTacHaRya, and 
B. LaksHMan Rao. 


8-PHENOXYETHYLANILINE and §$-phenoxydiethylaniline have been 
prepared by the action of phenyl 8-chloroethyl ether on aniline and 
ethylaniline, respectively (Clemo and Perkin, J., 1922, 121, 642). 
These compounds and others of a similar nature can be readily 
prepared by heating phenoxyethyl toluene-p-sulphonate (Peacock 
and Po Tha, J., 1928, 2303) and the corresponding amines in the 
presence of an aqueous solution of rather more than the calculated 
amount of sodium carbonate. Phenoxyethyl toluene-p-sulphonate 
does not appear to react with dimethylaniline when heated on a 
water-bath for more than 20 hours. The measurement of reaction 
velocities with esters of toluene-p-sulphonic acid is being undertaken. 


EXPERIMENTAL. 


8-Phenoxyethyl-o-toluidine was prepared by stirring for 5 hours 
on a water-bath a mixture of sodium carbonate (5-3 g.), water (53 
c.c.), 8-phenoxyethyl toluene-p-sulphonate (29 g.), and o-toluidine 
(21 g.). The mixture was then made alkaline and the excess of 
o-toluidine removed by steam distillation. The phenoxyethyl-o0- 
toluidine (22 g.), after crystallising from alcohol or light petroleum, 
had m. p. 64° (Found: C, 77-9; H, 8-1; N, 6-1. C,,H,,ON requires 
C, 78:3; H, 7:5; N, 61%). Its salts are readily hydrolysed by 
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water and can only be crystallised in presence of an excess of the 
acid. 

The following compounds were prepared in a similar way : 
3-Phenoxyethyl-p-toluidine, m. p. 52° (Found: C, 77-7; H, 7-5; 
N, 6-1%); 8-phenoxyethyl-m-toluidine, b. p. 220°/13 mm. (Found : 
N, 61%); §-phenoxyethylaniline; 8-phenoxydiethylaniline, b. p. 
212—213°/17 mm. (Found: N, 5:8. Cale.: N, 5-8%) (compare 
Clemo and Perkin, loc. cit.); §-phenoxyethyl-p-chloroaniline, b. p. 
228°/11 mm. (Found: Cl, 13-5; N, 5-7. C,,H,,ONCI requires Cl, 
14:3; N, 565%). 

8-Phenoxyethyl-«-naphthylamine was prepared by boiling under 
reflux for 11 hours a mixture of «-naphthylamine (19-1 g.; 0-125 
mol.), phenoxyethyl toluene-p-sulphonate (29 g.; 0-10 mol.), 
sodium carbonate (5-3 g.), and water (53 c.c.). After crystallising 
from alcohol it had m. p. 106° (Found: C, 82-4; H, 6-1; N, 5:3. 
C,sH,,ON requires C, 82-1; H, 6-5; N, 53%). 


We have to thank the University of Rangoon for a grant towards 
the cost of this investigation. 


University COLLEGE, RANGOON [Received, March 25th, 1929.]} 





CCLITI.—The Lupin Alkaloids. Part II. 


By Greorce Roger CLemo and RicHARD RAPER. 


Since the publication of Part I of this investigation (Clemo and 
leitch, J., 1928, 1811), dealing mainly with lupanine, papers by 
Schépf (Annalen, 1928, 465, 97) and Karrer (Helv. Chim. Acta, 1928, 
11, 1061) and collaborators have appeared in this field. It is 
deemed advisable, therefore, to record some of the results we have 
obtained on the degradation of lupinine and sparteine, and in parti- 
cular those bearing on the formula advanced by Karrer for lupinine. 

Schépf and his collaborators (loc. cit.) show that lupinine has no 
primary alcoholic group attached to the quinuclidine ring system as 
in (I), and they have prepared a third methylsparteine, which is 
different from the isomeric «- and 8-bases described by Moureu and 
Valeur (Compt. rend., 1907, 145, 929), and a fourth base which gives 
he analytical results required for a methylsparteine combined with a 
molecule of water. Karrer and his co-workers subjected lupinine 
nethiodide to the Hofmann degradation reaction, reduced the result- 

g mixture of methyl-lupinines (compare Willstatter and Fourneau, 
Ber., 1902, 35, 1922) to the dihydro-derivatives, repeated the oper- 
ations three times to remove the nitrogen, and obtained a 46% 
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yield of a mixture of two optically active, unsaturated C,,H,,() 
alcohols. The range in boiling point of this mixture, 20°/11 mm, 
seems a wide one. No attempt was made to separate any of the 
mixtures of bases or their methiodides. 

Reduction of the alcohols gave the decanol, and from this, by 
successive treatment with phosphorus pentabromide and trimethyl. 
amine, a quaternary salt was obtained which, when submitted to the 
Hofmann degradation process, yielded the optically active decen 
C,H,,>C:CH,. This on ozonolysis and hydrolysis gave a liquid 
nonanone C,H,,>CO, which always gave analytical results 2%, low 
in carbon. The liquid nonanoneoxime was subjected to the Beck. 
mann transformation, the resulting non-crystalline amide hydrolysed, 
and the calcium salt of a fatty acid prepared whieh is stated to he 
doubtless calcium butyrate, although no analytical data are given to 
support the statement. The base formed at the same time wa 
analysed as the hydrochloride and as the picrate and shown to le 
n-amylamine. The inference is that the nonanone is n-propyl 
n-amyl ketone, and this was confirmed by synthesis. This result is 
interpreted to mean that lupinine has probably the structure (Il), 
although (III) and (IV) are given as unlikely alternatives. 

u CH,°OH 
CH, CH 
JAVA, Pg OP sy 
' H,C CH, CHEt ) ” i a 
“) HO-CH,HC CH, CH, (H 
NN 


OH,-OH 
CH,—CH—CH 


(.) CH, N CH, 


‘a Yh 


CH, CH, 


The constitution (II), containing as it does a ring system presett 
in the berberine alkaloids with the CH,"OH group in the same 
position as the methyl group in corydaline, is an attractive one. 

It will be shown subsequently, however, that under certail 
conditions the lupinine molecule can undergo a structural change i! 
the Hofmann degradation, and hence the promised synthesis of the 
structure (II) is awaited with interest. A natural extension of the 
above is the condensation of (II) with the piperidine ring, and 
Karrer advances the following four possible formule for sparteine: 
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=e +, Oy 


“(v.) (VI.) (VII) (VIIT.) 


Prior to the publication of Karrer’s results, an extensive study of 
the Hofmann degradation of chlorolupinine methiodide had been in 
progress in this laboratory. If the treatment with silver oxide be 
carried out at the ordinary temperature, subsequent vacuum 
distillation of the methohydroxide gives a good yield of an optically 
active base C,,H,,N, isomeric with, but more stable than anhydro- 
lupinine (Willstatter and Fourneau, loc. cit.), and subsequently 
called y-anhydrolupinine. This base gives two stereoisomeric 
methiodides, and is reduced by hydrogen and palladium to the 
saturated compound C,,H,,N. If, however, the treatment with 
silver oxide is carried out at 100°, or first as above and then at 100°, 
subsequent degradation, a much more facile operation than for 
lupininemethylammonium hydroxide, gives an optically active basic 
mixture C,,H,,N, identical with that obtained in the Hofmann 
degradation of anhydrolupinine methiodide. Assuming, as will be 
done throughout for the purpose of discussion, the correctness of 
formula (IT) for lupinine, the three structures (IX), (X), and (XI) are 


CH, CH, CH, 


A\ 
eh C) ten cy pf ><eor 
Me Me Me 
(IX.) (X.) (XI.) 


possible for anhydromethyl-lupinine. That the basic mixture 
obtained contains a preponderating amount of one anhydromethyl- 
lupinine («) is indicated by the fact that it gives a good yield of an 
almost pure methiodide, but absence of complete homogeneity is 
evidenced by the necessity of a few recrystallisations before a pure 
picrate can be obtained. The anhydromethyl-lupinine mixture is 
not reduced by sodium amalgam, undergoes a complex change, 
including the formation of an isomeric base, on treatment with 
hydrochloric acid, and in presence of palladium and hydrogen 
absorbs two atoms of hydrogen. Under similar conditions anhydro- 
lupinine is reduced to two isomeric lupinanes (compare D.R.-P. 
396508; Sechépf, loc. cit.), and it is difficult to understand from 
structures (IX), (X), and (XI) why both double bonds are not 
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reduced in the anhydromethyl-lupinines to give a mixture of methyl. 
lupinanes. The actual C,,H,,N mixture, as might be expected from 
its derivation largely from «-anhydromethyl-lupinine, gives mainly 
two isomeric methiodides, although a small amount of a third form, 
doubtless derived from the reduction of 8-anhydromethyl-lupinine, 
has been isolated. 

The formation of y-anhydrolupinine, C,,H,,N, from chlorolupin- 
inemethylammonium hydroxide apparently occurs in two stages, 
water being first lost, and a methochloride formed which then 
decomposes in the normal manner with loss of methyl chloride. The 
loss of water can occur in four different ways dependent on whether 
the 8-hydrogen atom involved in the change occupies the 1, 3, 7, or 
9 position, but in any case the subsequent formation and decom. 
position of a methochloride to give (XII), (XIII), (XIV), or (XV) 
seems at first sight improbable. 


w 1 
o-oo 
(XI) Cs Ou Qs Ont “CH (XIIL) 
C—C—N—C — H, 


(XIV.) Ce: 


The literature contains little or no guidance as to how a ring 
structure such as (II) might be expected to rupture in the Hofmann 
degradation. On general electronic grounds the oxygen electron 
source might be expected to decrease the activity of the hydrogen 
atom attached to carbon atom 1 more than that of those attached to 
3 and 9,-and the effect on the hydrogen atoms attached to 7 would be 
still less. The fact that tetrahydroberberine methohydroxide with 
its additional fused ring systems and minus the oxygen atom in (II) 
gives the ten-membered ring compound anhydrotetrahydromethy!- 
berberine (Perkin, J., 1916, 109, 952) is no guide in the present case. 
Hanhart and Ingold (J., 1927, 977) and Ingold and Vass (J., 1928, 
3125) deal with the mechanism of the Hofmann degradation reaction, 
and state that in the general case the normal (A) reaction involves 4 


-> R,R,C:CR,R, + NMe, + H,0 (A) 
> R,R,CH-CR,R,'NMe, + MeOH (B) 


8-hydrogen atom, whereas reaction (B) is mainly dependent on the 
influence of R, and Ry, being favoured by their increasing molecular 
weight, and also if R, or R, contains a branched chain. If lupanine 


[R,R,CH-CR,R,-NMe,]OH — 
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contains one of the structures (V), (VI), (VII), and (VIII), this 


might explain why lupaninemethylammonium hydroxide undergoes 


only the (B) reaction, but against this must be placed the fact that 
sparteine and oxysparteine undergo the normal (A) reaction only. 
Although Willstatter (Joc. cit.) prepared only one pure methyl- 
lupinine methiodide—now found to be much more conveniently 
prepared from the base obtained by distilling lupinine methiodide 
with potash in a vacuum—from his mixture of methyl-lupinines, it 
has been found possible to prepare two crystalline chloromethyl- 
lupinine methiodides, both of which on subjection to the Hofmann 
degradation give a chlorodimethyl-lupinine. Under these conditions, 
therefore, the chlorine atom does not react with the nitrogen atom as 
in the formation of ¥-anhydrolupinine. On studying the formation 
of the latter with the aid of models, it is evident that systems (XIII) 
and (XIV) would be very strained and hence unlikely to be formed. 
If, however, the configurations are considered into which the chloro- 
methyl-lupinine can pass by strain-free rotations, it is found that 
carbon atom 11 comes into such a position that quaternary ion 
formation is possible between it and the nitrogen atom, and the 
resulting methochloride gives, with loss of methyl chloride, one or 
other of the strain-free structures (XII) and (XV) according as the 
double bond in the chloromethyl-lupinine occupies positions 1—10 
or9—10. The strain-free character of these systems would seem to 
lessen the necessity for extrusion of carbon atoms from the ring in the 


form of CCH. In addition, as the base gives two stereoisomeric 
methiodides and is optically active, and as so far it has not been 
possible to prepare a carbonyl derivative from it through its amine 
oxide (compare the conversion of anhydrotetrahydroberberine into 
8-homochelidonine ; Haworth and Perkin, J., 1926, 466), structure 
(XV) and not (XII) is indicated for y-anhydrolupinine. 

N-Piperidyl-lupinine has been prepared for comparison with 
sparteine. It readily yields a dimethiodide, whereas sparteine only 
gives monomethiodides, and also differs from sparteine in not 
containing a > CH, group easily oxidisable by potassium ferricyanide. 
An ethereal solution of N-piperidyl-lupinine containing a trace of 
sulphur in suspension, however, gives with hydrogen sulphide a light 
orange precipitate similar to that from lupinine, in contrast to the 
deep orange one given by sparteine. A comparison of the degrad- 
ation products of N-piperidyl-lupinine with those of sparteine and 
lupanine is being carried out. 

Although Moureu and Valeur describe «- and 8-methylsparteines, 
and Schépf a third form, it has now been found that, on distilling 
either sparteine «- or «’-methiodide with potassium hydroxide in a 
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vacuum, a base passes over in good yield which redistils within 
1°/1 or 26 mm., gives the analytical results of a methylsparteine, and 
appears to be different from its known isomerides. For instance, the 
new base is easily soluble in methyl alcohol, cannot be induced to 
erystallise, and gives a mercurichloride decomposing at 179—182°, 
whereas Moureu’s «-base is not very soluble in this solvent, can easily 
be obtained crystalline, and gives a mercurichloride, m. p. 270°. 
Moureu’s @-base is dextrorotatory, whereas the new base is lvo- 
rotatory. Schépf’s third methylsparteine is levorotatory and gives 
a mercurichloride melting at 182—185°, but it gives a dihydriodide 
(yield not stated) of m. p. 223—225°, whereas the new base under the 
sameconditions gave only a trace of solid after several days. Moureu’s 
a-methylsparteine methiodide has m. p. 242° (Schépf gives 239°), 
whereas the methiodide of the new base decomposes at 247° and a 
mixture of the two at 232°. 

When sparteine is oxidised with chromic acid (Willstatter and 
Marx, Ber., 1905, 38, 1772) or alkaline ferricyanide (Ahrens, Ber., 
1905, 38, 3268; Schépf, Annalen, 1928, 465, 132), oxysparteine is 
produced. Oxysparteine is destroyed completely by potassium 
permanganate, but resembles isolupanine (Clemo and Leitch, loc. cit.) 
in resisting all attempts at reduction, including sodium amalgam, 
treatment in the electrolytic cell, and heating with fuming hydriodic 
acid and red phosphorus at 240° for 28 hours in sealed tubes. It is 
also stable to potash fusion and to hydrochloric acid at 140°. Oxy- 
sparteine gives a monomethiodide and a methosulphate, and by means 
of the Hofmann degradation of the former, or treatment of the latter 
with sodium amalgam, «-methylorysparteine is obtained, which, like 
oxysparteine, is monobasic and forms a methosulphate, although it 
has not been possible to obtain from it a crystalline methiodide. If, 
however, oxysparteine methiodide or «-methyloxysparteine is 
distilled slowly with potassium hydroxide in a vacuum, an isomeric 
base, §-methyloxysparteine, is formed. This substance gives a 
monopicrate and a crystalline methiodide. The latter, when sub- 
mitted to the Hofmann degradation, undergoes both reactions (A) 
and (B) (p. 1930), but from the resulting mixture of bases a crystalline 
methiodide has been obtained which gives the analytical figures 
required for dimethyloxysparteine methiodide. This, unfortunately, 
undergoes reaction (B) almost entirely in the Hofmann degradation, 
and hence it has not yet been possible to eliminate one of the nitrogen 
atoms of oxysparteine. 

In an attempt to demethylate «-methyloxysparteine with cyanogen 
bromide a surprising result has been obtained. When an acetone 
solution of the base and cyanogen bromide is kept over-night, 4 
crystalline mass is formed, which, on fractional crystallisation from 
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methyl alcohol, can be separated into an addition product of two 
molecules of cyanogen bromide with one of base, and a second 
substance which has the composition of methyloxysparteine in 
which the methyl group has been replaced by cyanogen. 

It seems probable that sparteine and lupanine are in the main 
structurally similar, and it is of interest to consider briefly how their 
chemistry, and particularly that of their oxy-compounds, fits in with 
the proposed formule (V), (VI), (VII), and (VIII) for sparteine. 
Evidence, as yet incomplete, points to the fact that lupanine 
probably contains the lactam group >N-CO-, and the existence of 
oxylupanine (Clemo and Leitch, loc. cit., p. 1815), and also of 
isolupanine and oxysparteine, indicates the possibility of a second 
non-reactive carbonyl group in the latter compounds. The fact 
that these oxy-derivatives do not give the hydrogen sulphide reaction 
of lupinine, N-piperidyl-lupinine, and sparteine points to the 
oxygen atom, and therefore the easily oxidisable >CH,, being in the 
lupinine part of the molecule, and yet neither chlorolupinine nor 
Y-piperidyl-lupinine gives an oxy-derivative when treated with 
alkaline ferricyanide. None of the suggested formule for sparteine 
appears to explain the facts, and, further, sparteine and lupanine 
form only monomethiodides, whereas (V) and (VII), by analogy 
with V-piperidyl-lupinine, and (VI), by analogy with lupinine itself, 


would be expected to form dimethiodides. 
The degradation of sparteine and lupanine is being continued along 
the lines indicated. 


EXPERIMENTAL. 


The seed of Lupinus luteus has been found to be a better source of 
Llupinine than LD. pilosus, and 1 ewt. of the former (kindly extracted 
by Messrs. T. and H. Smith, Ltd., of Edinburgh) gave 2 1. of extract 
as sulphate, 100 c.c. of which, made alkaline with potassium hydr- 
oxide, on extraction with chloroform and fractionation, gave 23— 
4 g. of crystalline lupinine and 5—6 g. of sparteine. The lupinine 
(24 g.) was recrystallised from ligroin (15 c.c., b.p. 40—60°) and gave 
colourless prisms (17 g.), m. p. 70—71° (Found : C, 71-1; H, 10-95. 
(ale. for C,,H,ON: C, 71-0; H, 11-2%). Lupinine is readily 
soluble in cold water, less soluble in hot, and gives a solution strongly 
alkaline to litmus. An ethereal solution containing sulphur gives a 
light orange precipitate when hydrogen sulphide is passed in. 

Lupinine methiodide was obtained when lupinine (5 g.) was 
lissolved in acetone (15 c.c.), methyl iodide (2 c.c.) in acetone (2 ¢.e.) 
idded, and the mixture cooled. The crystalline mass produced was 
varmed for 30 minutes on the water-bath, collected, washed with 
alittle ethyl alcohol, and dried on the steam-bath ; wt., 8-9 g., m. p. 





1934 CLEMO AND RAPER: THE LUPIN ALKALOIDS. PART Il. 


305—306° (with decomp.). The compound can be recrystallised from 
ethyl alcohol—water, but is practically pure as obtained. 

Powdered lupinine methiodide (2 g.) and potassium hydroxide 
(3 g.) were mixed and carefully heated with a free flame for 15 
minutes under 1 mm. pressure * ; a colourless oil with a terpene-like 
odour, due to a trace of decomposition product, then passed over, 
This redistilled at 108—110°/1 mm. (1-1 g.), and with methyl] iodide 
in acetone gave 1-7 g. of «-methyl-lupinine methiodide, m. p. 216° 
after softening at 200°. One recrystallisation from ethyl alcohol 
(30 c.c.) gave 1-2 g. of colourless prisms, m. p. 224—225°. By the 
Hofmann method with silver oxide (1 g.) the corresponding amounts 
were 1-1 g. of base, b. p. 105—110°/1 mm., 1-25 g. of methiodide, 
m. p. 190—205°, 0-75 g. of m. p. 218—223° after recrystallisation, 
and a further recrystallisation was necessary to obtain the pure 
«-methiodide. 

a- and 8-Chloromethyl-lupinine Methiodides.—The mixture of 
methyl-lupinines from the silver oxide method (3 g.), when dissolved 
in benzene (15 c.c.) and treated with phosphorus pentachloride (2 g.) 
as described below for chlorolupinine, gave 2-3 g. of chloromethyl. 
lupinines, b. p. 90—92°/1 mm. (Found : C, 65-4; H, 10-2. C,,H,,NCI 
requires C, 65-5; H, 9-9%). This mixture (2 g.) was dissolved in 
acetone (4 c.c.), methyl iodide (1 c.c.) added, and the crystalline 
precipitate (1-7 g.), m. p. 195—200° (decomp.) after softening at 
180°, collected after3 hours. Pure «-chloromethyl-lupinine methiodide 
was obtained from this by recrystallisation from ethyl alcohol as 
colourless prisms, m. p. 215—216° (Found: C, 42-2; H, 7. 
C,,H,,NCII requires C,42-0; H,6-7%). The acetone filtrate from 
the above at once deposited 0-7 g. of the 8-methiodide as prisms, m. p. 
180—182°; a further 0-1 g. separated over-night. Recrystallised 
from acetone, it formed prisms, m. p. 182° (Found: C, 42-1; H, 
65%). Both the «- and the 8-methiodide when subjected to the 
Hofmann degradation gave bases, b. p. 100°/1 mm., approx., and as 
a crystalline picrate or methiodide could not be prepared from them, 
it is not possible to say whether one or more chlorodimethyl-lupinines 
had been formed (Found : N, 6:3. C,,H, NCI requires N, 6-5%). 

Chlorolupinine Methiodide.—A solution of lupinine (12-6 g.) in 
benzene (40 c.c.) was refluxed with phosphorus pentachloride (9 g.) 
for 1? hours and cooled, and a little ice added, followed by potassium 
hydroxide (230 c.c., d 1-25). The mixture was well shaken, the 
benzene layer separated, the extraction repeated, and the extract 
dried over solid potassium hydroxide over-night. Fractionation 
gave 12-3 g. of chlorolupinine as a colourless oil, b. p. 88—92°/1 mm.; 


* This method was employed for all the fusions with potassium hydroxide 
in a vacuum recorded in this paper. 
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and 0-8 g., b. p. up to 120°/1 mm. When chlorolupinime (15 g.), 
acetone (7-5 c.c.), and methyl iodide (6 c.c.) were mixed and cooled, 
the solution rapidly set to a crystalline mass. After warming on the 
water-bath for 30 minutes, the solid was-collected (27-5 g.,; m. p. 
193—195°), and recrystallised from ethyl alcohol (35 c.c.), giving 
4 g. of well-formed prisms, m. p. 204° (Found : C, 40-6; H, 6-6. 
(,,H,,NCII requires C, 40-1; H, 6-4%). 

¥-Anhydrolupinine.—Chlorolupinine methiodide (6-5 g.) was 
dissolved in water (30 c.c.), silver oxide (5 g.) added, the mixture well 
shaken for 2 hours, and the filtered solution reduced to a small bulk 
by heating on the water-bath under diminished pressure. The 
evaporation to dryness was completed with a free flame, leaving a 
colourless very deliquescent mass, which, on being heated with a free 
fame, or in a metal-bath to 280°, under 1 mm. pressure, gave 2-8 g. 
of slightly damp distillate. This was dissolved in ether, dried with 
potassium carbonate, and distilled, giving 2-6 g. of a colourless 
nobile oil, b. p. 63°/0-5 mm., with a geranium-like odour when fresh. 
(2) in acetone — 35-3° (Found: C, 79-3; H, 11-3. C,,H,,N 
requires C, 79-4; H,11-3%). 4-Anhydrolupinine is lighter than and 
slightly soluble in water, very alkaline to litmus, and slowly turns 
brown in contact with the air, although quite stable when sealed up 
out of contact with the air. Its cold acetone solution reduces 
potassium permanganate, and the base is unchanged after being 
heated for 12 hours at 100° with 15% hydrochloric acid. The 
picrate was prepared in ether—ethyl alcoholic solution, and after 
recrystallisation from ethyl alcohol gave canary-yellow plates, m. p. 
14° (Found: C, 50-6; H, 5-4. C,)H,,N,C,H,0,N, requires C, 
0-5; H, 53%). Anhydrolupinine picrate forms deep yellow 
prisms, m. p. 94°. 

The chloroplatinate forms deep orange prisms from ethyl alcohol- 
water (9: 1) containing a trace of hydrogen chloride and melts at 
210° (decomp.) [Found: C, 33-85; H, 4-8; Pt, 27-6; M, 149. 
(C,)H,,N).,H,PtCl, requires C, 33-7; H, 5-0; Pt, 27-4%; M, 151}. 

a- and B-y-Anhydrolupinine M ethiodides.—-Anhydrolupinine (5g.), 
aetone (12 c.c.), and methyl iodide (2-5 c.c.) were mixed and kept 
over-night. The resulting solid (8-5 g., m. p. 195—200°) was 
separated by fractional crystallisation from acetone into «-4-anhydro- 
lupinine methiodide, colourless prismatic plates, m. p. 172° (Found : 
0,453; H, 6-9. C, 9H,,N,Mel requires C, 45-05; H, 6:8%), and 
~-anhydrolupinine methiodide, colourless prisms, m. p. 263° 
(found: ©, 44-7; H, 66%). Anhydrolupinine methiodide when 
prepared in and recrystallised from acetone melts at 189—190° 
Willstatter and Fourneau, loc. cit., give m. p. 180°). The above 
‘methiodide (2-2 g.) was refluxed with silver chloride for 2 hours, 
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and the resulting methochloride decomposed by heating under | mm, 
pressure, thus regenerating 0-6 g. of y-anhydrolupinine, as proved by 
conversion into the picrate. This base (0-3 g.) gave 0-45 g. of mixed 
methiodides, m. p, 200—-205°, which were separated into the «- and 
8-forms by treatment with acetone. 

¢-Anhydromethyl-lupinine Methiodide.—The above «-methiodide 
(m. p. 172°) (1-5 g.) was dissolved in water (10 c.c.), silver oxide (1 g,) 
added, and the mixture shaken for 2 hours and worked up as usual, 
giving 0-6 g. of base, b. p. 60°/1 mm., of which 0-3 g. gave 0-5 g. of 
erystals, m. p. 168—170°. After three crystallisations from acetone 
a pure methiodide was obtained, m. p. 186—187° (Found: C, 47-0; 
H,7-3. C,,H,.NI requires C, 46-9; H,7-2%). Thesame methiodide 
resulted when a mixture of the «- and 8-methiodides was used in the 
above reaction. 

¢-Anhydrodihydrolupinine.—y-Anhydrolupinine (3-2 g.) was re. 
duced in acetic acid solution with hydrogen and palladium chloride 
and gave 2 g. of a colourless oil, b. p. 58—59°, [«], in acetone +-21-7° 
(Found: C, 78-6; H, 12-4; N, 9-2. C, )H,)N requires C, 78:4; 
H, 12-4; N,9-1%). The base is quite stable in the air, and formsa 
picrate, yellow prisms (from ethy] alcohol), m. p. 176—177° (Found: 
C, 50-6; H, 5-8. C, 9H, N,C,H,0,N, requires C, 50-2; H, 5-7%), 
Treatment of the base (3-5 g.) with acetone (7 c.c.) and methy] iodide 
(1-5 c.c.) gave 6-15 g. of mixed methiodides, m.p.250—280° (decomp.), 
Extraction with acetone left a residue which when recrystallised 
from ethyl alcohol—acetone (1 : 1) gave colourless prisms of «-y-anhydro- 
dihydrolupinine methiodide, m. p. 310—312° (decomp.) (Found: 
C, 45-0; H, 7-7. C,,H,.NI requires C, 44-7; H, 7-5%).. The cold 
acetone extract gave a crystalline deposit, m. p. 220—240°, but all 
attempts to isolate a second form of the methiodide in a pure state 
have failed. 

Anhydromethyl-lupinine.—Chlorolupinine methiodide (8-25 g,, 
water (30 c.c.), and silver oxide (6-2 g.) were stirred on the steam- 
bath for 7 hours and the liquid was filtered, reduced to small bulk 
on the water-bath under diminished pressure, and to dryness from 
an oil-bath at 130°/12 mm.; a colourless oil then passed over. 
Small amounts of water were added to the residue, and the evapor- 
ation to dryness was repeated as long as any oil came over. The 
oil was extracted with ether, dried over potassium carbonate, and 
distilled, giving 2-65 g. of a colourless oil, b. p. 63°/1 mm., [2] i 
acetone — 46-8° (Found: C, 80-0; H, 11-9; N, 86. C,,Hy 
requires C, 80-0; H, 11-5; N, 85%). Anhydromethyl-lupinine has 
a slight fishy odour, is very much more stable than anhydrolupinine, 
and is but slightly soluble in water and faintly alkaline to litmus. It 
is not reduced by sodium amalgam in boiling alcohol, but its solution 
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in cold acetone rapidly reduces potassium permanganate. When it 
is heated on the water-bath with hydrochloric acid (15%), a complex 
reaction occurs, and together with other products an isomeric base, 
C,,HigN, is obtained, the methiodide of which forms colourless 
plates, m. p. 219° (Found : C, 47-1; H, 7-35. C,,H,9N,Mel requires 
C, 46-9; H, 7-2%). 

The picrate of anhydromethy]-lupinine, prepared in, and recrystal- 
lised from, methyl] aleohol, forms bright yellow prisms, m. p. 162—163° 
(Found : C, 51-6; H, 5-6. C,,H,N,C,H,0,N, requires C, 51-8; H, 
565%). The chloroplatinate crystallises in well-formed old-gold 
prisms, decomp. 210° [Found : C, 36-0; H,5-75; Pt, 26-1; M, 169-3. 
(C, ,HigN)o,H,PtCl, requires C, 35-7; H, 5-5; Pt, 263%; M, 165]. 

Methiodide. When the base (1-1 g.) in acetone (2 c.c.) and methyl 
iodide (0-5 c.c.) were left over-night, 1-95 g. of crystalline solid, m. p. 
184—186°, formed, This was recrystallised from ethyl alcohol- 
acetone (1:6), giving thin colourless prisms, m. p. 191—192° 
(Found : C, 46-7; H, 7-3. C,,H,)N,Mel requires C, 46-9; H, 7-2%). 
An attempt to carry out the Hofmann degradation on this methiodide 
gave a high-boiling base, probably through polymerisation. 

Anhydrodihydromethyl-lupinines.—The catalytic reduction of the 
above anhydromethyl-lupinine (3 g.) was carried out as in the 
previous case, and gave 1-5 g. of a colourless oil, b, p. 60°/1 mm. 
(Found: C, 78-85; H, 12-7; N, 8-3. C,,H,,N requires C, 79-0; 
H, 12-6; N, 83%). A second treatment failed to effect further 
reduction of the base, which only slowly reduced potassium per- 
manganate in cold acetone. 

x- and 8-Picrates. A solution of picric acid (0-54 g.) in methyl 
alcohol (4 c.c.) was added to the basic mixture (0-4 g.) and 0-475 g. of 
stout yellow prisms was collected after 3 hours. Recrystallisation 
from methyl alcohol gave the «-form as six-sided prisms, m. p. 145— 
146° (Found: C, 51-3; H, 5-9. C,,H,;N,C,H,0,N, requires C, 
51-5; H,6-1%). Onstanding, the partly evaporated initial mother- 
liquor deposited 0-15 g. of prisms, m. p. 113—120°, and reerystallis- 
ation from methyl] alcohol gave the 8-form as six-sided prisms, m, p. 
132° (Found: C, 51-5; H, 6-2%). When picrate formation was 
carried out in ethyl alcohol-ether, bright yellow, apparently homo- 
geneous prisms were obtained, m. p. 115—130°, which remained 
unchanged after four recrystallisations from ethyl alcohol. 

Anhydrodihydromethyl-lupinine Methiodides.—A solution of the 
basic mixture (1-5 g.) in acetone (2 c.c.)and methyl iodide (0-5 ¢.c.) 
was left for 24 hours and the precipitate was then collected and 
washed three times with small amounts of acetone and finally with 
ether (filtrate A); 1 g., m. p. 170—180°, remained. Recrystal- 
lisation from ethyl acetate and then from acetone gave the «-meth- 
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iodide, m..p. 195—196° (Found: C, 46-7; H, 7-8. C,,;H,,N,Mel 
requires C, 46-6; H, 7-7%). 

Filtrate A on dilution with ether gave 1-6 g. of crystalline precipit- 
ate, m: p. 100—110°, and two recrystallisations from ethyl! acetate 
gave the pure @-methiodide, m. p. 145—146° (Found: C, 46-7; H, 
79%). The mother-liquor from the §-form slowly deposited a small 
amount of a third methiodide, which crystallised from acetone in 
stout prisms, m. p. 199—-200°, depressed to 180—185° on admixture 
with the «-form (Found : C, 47-2; H, 7-9%). 

N-Piperidyl-lupinine.—Chlorolupinine (5-5 g.), piperidine (6 g.), 
sodium acetate (2-7 g.), and copper powder (0-2 g.) were heated ina 
sealed tube for 10 hours at 200°. Water (15 c.c.) and then potassium 
hydroxide (15 c.c., d 1-25) were added, the mixture was extracted 
with ether, and the extract was dried with potassium carbonate and 
fractionated, giving 1-2 g. of piperidine, 2-2 g., b. p. up to 115°/1 mm., 
and 5-5'g.,.b. p. 128—130°/1 mm. (Found for the last fraction : (, 
76-4; H, 12-0. C,;H,,N, requires C, 76-3; H, 11-9%). N-Piper. 
idyl-lupinine is a colourless, very stable oil, lighter than and almost 
insoluble in water, and strongly alkaline to litmus. It gives a light 
orange precipitate in the sulphur—hydrogen sulphide reaction, 
and slowly decolorises a cold acetone solution of potassium 
permanganate. 

The dimethiodide. The base (1-2 g.) in acetone (5 ¢.c.) and methy! 
iodide (1 ¢.c.) gave 2:4 g. of dimethiodide, m. p. 305—310°, which 
separated as colourless, well-formed prisms, m. p. 324° (decomp.), 
from ethyl alcohol-water (4:1) (Found: C, 394; 4H, 65. 
C,;H,gN2,2Mel requires C, 39-2; H, 66%). 

Methylsparteine.—Sparteine methiodide («- or «’-) was fused with 
potash in a vacuum as above, and the product from 12 g. redistilled 
at 135—136°/1 mm. (7 g.) (Found: ©, 77-4; H, 11:2; N, 113. 
C,gH2,N, requires C, 77-4; H, 11-3; N, 11-3%). [Jp (in alcohol, 
2-64Y, solution) — 16-3°. The base (1 g.) and mercuric chloride 
(3-4 g.) in dilute hydrochloric acid gave the mercurichloride (3:2 ¢:: 
calec., 3-6 g.), m. p. 170°, raised to 179—182° by recrystallisation from 
hydrochloric acid (d 1-09). 

The methiodide was obtained when the base (2 g.) in acetone 
(2-5 e.c.) and methyl iodide (2 ¢.c.) were kept over-night (1-3 g., m. p. 
242° with decomp.). Recrystallisation from water gave irregular 
prisms with half a molecule of water of crystallisation, not lost by 
heating for 3 hours at 120°; m. p. 247° (decomp.) (Found : C, 51-1, 
51-1; H; 7-7, 8-0. C,,H,.N,,MeI,4H,O requires C, 51:1; H, 8-0%). 
Mixed with the monomethiodide of «-methylsparteine, it melted 
at 232°. 

Oxysparteine was prepared by a method essentially the same 4 
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that of Schépf, but was purified by distillation in a vacuum; it then 
had b. p. 204°/9 mm., m. p. 86—87° after recrystallisation from light 
petroleum, and [«], in ethyl alcohol — 10-4° (Found: C, 72-3; H, 
97; N, 11-5. Cale. for C,;H,,ON,: C, 72-6; H, 9-7; N, 11-3%). 
The picrate melts at 185° (Schépf gives 183° and Ahrens, Ber., 1891, 
24, 1095, 176—178°). The methiodide (15 g., m. p. 228°) was 
obtained when oxysparteine (10 g.), acetone (10 c.c.), and methyl 
iodide (7 ¢.c.) were gently heated on the water-bath over-night. 
Recrystallised from methyl alcohol, it formed colourless needles 
(125 g.), m. p. 231° (Ahrens, Ber., 1892, 25, 3067, gives 191—193°) 
(Found : I (ionic), 32-8. Cale. for C,,H,,ON,I : I, 32-5%]). 

The methosulphate. Oxysparteine (2-5 g.), acetone (10 c.c.), and 
methyl sulphate (1-25 g.), when refluxed gently over-night, gave 
27 g. of colourless plates, m. p. 179° after recrystallisation from 
alcohol-ether (Found: C, 540; H, 8-5. C,,H;,0;N,8 requires 
(, 54:5; H, 8-0%). 

«- Methyloxysparteine.—Oxysparteine methiodide (10 g.) when 
submitted to the Hofmann degradation gave a colourless viscous oil 
(8 g., b. p. 225—227°/18 mm.) which rapidly solidified, and 
crystallised from light petroleum as colourless prisms, m. p. 85—-87° 
(Found : C, 73-3; H, 10-0. C,,H,,ON, requires C, 73-2; H, 10-0%). 
The same base was obtained when a solution of oxysparteine metho- 
sulphate (7 g.) in absolute ethyl alcohol (50 c.c.) was refluxed with 
sodium amalgam (50 g. of 4%) for 5 hours. 

The picrate, prepared in and recrystallised from ethyl alcohol, 
formed golden-yellow needles, decomp. 248° (Found: N, 14°25. 
C,gH,gON,,C,H,0,N, requires N, 143%). 

a-Methyloxysparteine methosulphate (1-7 g.; m. p. 265°) was 
formed when methyl sulphate (0-6 c.c.) and the base (1-5 g.) were 
heated gently in acetone (5 c.c.) on the water-bath over-night. It 
crystallised from alcohol in small colourless prisms, m. p. 268° 
(Found: C, 55-95; H, 8-6; S, 8-5. C,H ,0;N,S requires C, 55-7; 
H, 8:2; S, 82%). 

8-Methyloxysparteine.—Oxysparteine methiodide (3 g.) was fused 
with potash as usual, the distillation being carried out as slowly as 
possible to avoid the formation of a mixture of the «- and 8-bases 
which can only be separated with difficulty. The product from four 
such experiments was redistilled, giving 6 g., b. p. 210—215°/1 mm., 
which solidified on being rubbed with light petroleum and, after 
recrystallisation from this solvent, melted at 86° alone and at 62° 
when mixed with the «-base. [a], + 558° (Found: C, 73-0; H, 
101; N, 10-6. C,,H,,ON, requires C, 73-2; H, 10-0; N, 10-7%). 
The same compound is produced when the «-base (1 g.) is fused with 
potash (3 g.) in the usual manner. 
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The picrate forms dendritic clusters from alcohol and has m. p. 237°, 
after softening at 229° (Found: N, 14-25. C,,H,,ON,,C,H,0.N, 
requires N, 14-3%). 

The methiodide. The $-base (5 g.), acetone (7 c.c.), and methyl 
iodide (2-5 c.c.) were heated in a sealed tube in a boiling water-bath 
for 4 hours. After cooling, the solid was rubbed with acetone, 
collected (7-8 g.), and recrystallised from water, giving 6-5 g. of 
colourless needles, m. p. 247°, containing two molecules of water of 
crystallisation (Found: loss at 120°, 7-8. Loss of 2H,O requires 
8-2%. Found for dried material: C, 50-5; H, 7-55. C,,H,,ON,I 
requires C, 50-5; H, 7-2%). 

Dimethyloxysparteine Methiodide—The Hofmann degradation of 
the above methiodide (5 g.) gave 2-3 g. of a yellow viscous oil with a 
green fluorescence, b. p. 195—210°/l1 mm. This oil (3-5 g.) in acetone 
(2-5 c.c.) was cooled and treated with methyl] iodide (3-5 c.c.) ; heat 
was developed and 3-5 g. of crystalline methiodide rapidly separated, 
m. p. 186°. Recrystallisation from methyl alcohol—acetone gave 
pale yellow prisms, m. p. 194° [Found: C, 51-7; H, 7-5; I (ionic), 
30-6. C,,H3,ON,I requires C, 51-7; H, 7-4; I, 303%]. The 
acetone mother-liquor from this methiodide deposited on standing a 
further 0-4 g. of solid, m. p. 232—235°, which, after recrystallising 
from water, melted at 247° alone or mixed with 8-methyloxysparteine 
methiodide. 

The Action of Cyanogen Bromide on Methyloxysparteine— 
a-Methyloxysparteine (5 g.) in acetone (10 c.c.) was cooled and 
treated with cyanogen bromide (2-5 g.), and the mixture kept 
over-night. The crystalline product (3 g.) on fractional crystal- 
lisation from methyl alcohol was separated into an addition product 
of one molecule of base and two molecules of cyanogen bromide, 
decomp. 244° (Found : C, 45-65, 45-5; H, 6-1, 5-9. C,.H,,ON,Br, 
requires C, 45-6; H, 5-55%), and a compound, m. p. 202°, forming 
large colourless prisms and having the composition of methyloxy- 
sparteine in which the methyl group is replaced by cyanogen (Found : 
C, 70-6, 70-4; H, 8-5, 8-5. C,,H,,ON, requires C, 70-3; H, 85%). 


In conclusion, the authors wish to express their thanks to the 
Government Grant Committee of the Royal Society and to the 
Research Fund Committee of the Chemical Society for grants made 
towards the cost of the investigation of lupinine and sparteine 
respéctively, and to Mr. 8. Dixon for assistance with the analytical 
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CCLIV.—Phthalazines. Part I. 


By Jott Sarup AccarwaL, Nanp Lat Darsari, and 
JNANENDRA Natu RiAy. 


A POSSIBLE method for the synthesis of a large class of alkaloids, 
particularly of the berberine group, depends on the accessibility 
of aldehydo-acids and ketones of the aromatic series (e.g., opianic 
acid), but unfortunately these substances are difficult to prepare 
synthetically, the few known methods being only of theoretical 
interest and unsuitable as starting points in a long synthetical 
scheme. Attention was therefore directed to the following method 
which promised to be of use. 

Benzoylhydrazine has been condensed with benzaldehyde by 
Curtius (Ber., 1890, 23, 3028) and with propaldehyde and acetone 
by Sturve (J. pr. Chem., 1894, 50, 304). It appeared that if an 
aromatic aldehyde were condensed with benzoylhydrazine, the 
product could be induced to undergo a further intramolecular 
condensation to give a phthalazine which, in turn, should be capable 
of hydrolysis to an o-aldehydo-benzophenone : 


CH CH HO . 
Xn 4 Nin NH, 
NH in” +4 
co” oF 0-0,H, “He 
C,H; (I.) C,H; 


In view of the success that has attended similar condensations in 
this laboratory in the preparation of quinazoline derivatives with 
urethane, it was expected that the ring closure could easily be 
effected. Moreover, Staub (Helv. Chim. Acta, 1922, 5, 888), from a 
detailed study of the Bischler—Napieralsky isoquinoline synthesis 
(Ber., 1893, 26, 1903), found that the essential conditions for the 
intramolecular dehydration were (a) a conjugated double bond, 
actual or potential, and (b) a hydroxy- or alkyloxy-group attached 
to the carbon atom in the 8-position to the nitrogen atom; i.e., 
dehydration would take place in compounds of the type (II). 


*C-OR Ph-CO-NH-NH, 


t? 
(It Our H,0~Cu-~H,0 | SO, (u1.) 
ON Ph-CO-NH-NA, 


Since the scheme under consideration is similar to that of the 
iwquinoline synthesis, it seemed extremely probable that the 
‘ndensation would take place with readiness. This has been 
talised, but it is peculiar that phosphoric oxide (the agent employed 





1942 AGGARWAL, DARBARI, AND RAY: PHTHALAZINES. PART I, 


in the Bischler-Napieralsky synthesis) is almost useless here, for, 
except in one isolated case (viz., with veratraldehydebenzoy). 
hydrazone), no product could be isolated with its aid. . Phosphorus 
oxychloride in chloroform gave only indifferent yields, and after 
many trials we found that amyl alcohol saturated with hydrogen 
chloride is the best reagent for the transformation, giving yields as 
high as 50%. Tt is of interest that Curtius (Ber., 1900, 33, 2560) 
found that benzaldehydebenzoylhydrazone was decomposed to 
benzoic acid, benzaldehyde, and hydrazine by hydrochloric acid, 
so our success is obviously due to the avoidance of water. 

Thus a variety of phthalazines has been synthesised from easily 
available sources in good yields, and the method is superior to the 
older methods. The hydrolysis of the phthalazines to the aldehydo. 
ketones has been accomplished and will be described in a future 
communication. 

In order to test the validity in this series of one of Staub’s generalis- 
ations for the isoquinoline ring closure (see above), we reduced 
certain substituted benzaldehydebenzoylhydrazones 

(C,H,-CO-NH-N:CHR) 
and found that the resulting products (C,H,-CO-NH-NH-CH,R 
did not undergo intramolecular dehydration, thus confirming ou 
anticipation that the lack of an incipiently conjugate system would 
prevent ring closure. 

The well-known tendency of copper salts to liberate nitrogen from 
a molecule when two nitrogen atoms are in juxtaposition led us to 
try the action of copper sulphate solution on benzoylhydrazine in 
alcoholic solution. An almost quantitative precipitation of 3 
complex copper salt occurred, however, and analysis indicates tha 
it has the constitution (III).. The possibility of utilising this salt 
for the rapid estimation of copper is being explored. 


EXPERIMENTAL. 


Condensation of Benzoylhydrazine with V eratraldehyde.—Benz0y!- 
hydrazine (16 g.) and veratraldehyde in absolute alcohol were mixe 
with concentrated sodium hydroxide solution (1 c.c.) and refluxed 1 
the water-bath for 3 hours. The mixture was filtered hot, and the 
brownish crystals which separated on cooling were recrystallised 
from absolute alcohol and then formed colourless needles, m. Pp 
176°, yield 20 g., of veratraldehydebenzoylhydrazone (Found : C, 67% 
H, 5°4; N, 9-9. C,,H,,0,N, requires C, 67-6; H, 5°6; N, 9-9%): 

6 : 7-Dimethoxy-1-phenylphthalazine—(1) To the foregoing 
hydrazone (6 g.), dissolved in chloroform (30 c.c.), phosphoru 
oxychloride (20 c.c.) was added and the mixture was refluxed 0 
the water-bath for 3 hours and then poured over crushed ice. The 
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chloroform solution was separated from the aqueous layer, dried by 
anhydrous sodium sulphate, and the solvent distilled off. The 
residue was kept in a vacuum, and the phthalazine crystallised in 
yellowish-brown needles after the addition of a few drops of alcohol 
and scratching; when ground with sodium hydroxide solution, 
filtered, washed with water to remove alkali, and recrystallised from 
absolute alcohol, it separated in yellowish needles, m. p. 193—-194° ; 
yield 0-5 g. (Found: ©, 71-9; H, 5-5; .N, 10-5. ©C,gH,,O,N, 
requires C, 72-2; H, 5-3; N, 10-5%). The substance is sparingly 
soluble in alcohol, but more soluble in benzene. It dissolves in 
hydrochloric acid to a yellow solution from which the sparingly 
soluble hydrochloride is soon precipitated. This precipitate on 
treatment with acetic acid redissolves to a colourless solution. 

(2) Veratraldehydebenzoylhydrazone (6 g.) was thoroughly mixed 
with phosphoric oxide (12 g.), xylene (25 c.c.) was added, and the 
mixture was heated in an oil-bath at 130—140°. After removal of 
the xylene, the solid residue was treated with cold water, care being 
taken to avoid frothing. Hydrochloric acid (1 c.c.) was then added 
and the whole heated on the water-bath. The cooled solution was 
filtered and neutralised with sodium hydroxide solution. The 
precipitate so obtained was crystallised from absolute alcohol, 
separating in yellow needles (yield, 0-2 g.), m. p. 193—194°, not 
depressed by addition of the product described under (1). On 
evaporation of the xylene solution, colourless crystals, m. p. 176°, 
were obtained which proved to be the unchanged initial substance. 

(3) The hydrazone (6 g.) was heated with amyl alcohol (60 c.c.), 
saturated with hydrogen chloride, first for an hour on the water- 
bath and then for an hour over the flame. The mixture was cooled 
and filtered, the dark brown residue ground with sodium hydroxide 
‘olution, and the yellowish product recrystallised from alcchol, 
forming yellow needles (yield 50%), m. p. 193—194°, not depressed 
by admixture with either of the two foregoing products. 

s- Benzoyl -3 : 4 -dimethoxybenzylhydrazine. — Veratraldehyde - 
benzoylhydrazone (8 g.), dissolved in the minimum quantity of 
absolute alcohol, was thoroughly shaken with 3% sodium amalgam 
containing 5 g. of sodium. After the reaction, the solution was 
filtered and nearly neutralised with acetic acid. Excess of alcohol 
was removed by distillation under diminished pressure at 40—50°, 
and the solution diluted with water. The oily mass which was 


,). Jformed was treated with dilute hydrochloric acid, and the insoluble 


ubstance so obtained was extracted with ether. An oily mass was 
tbtained on the removal of ether, and solidified in a vacuum; when 
3U 
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crystallised from benzene-light petroleum (charcoal), it had m. p. 
79° (Found: C, 66-9; H, 6-42; N, 9-9. C,gH,,O,N, requires 
C, 67-1; H, 6-3; N, 9-8%). 

The above compound was not converted into the corresponding 
phthalazine on treatment with the usual reagents. 

Condensation of Benzoylhydrazine with Anisaldehyde—A mixture 
of benzoylhydrazine (13 g.) and anisaldehyde (13 g.) in alcohol, 
treated and worked up in the same way as for veratraldehyde, 
yielded 17 g. of the hydrazone, needles, m. p. 147° (Found : N, 11-1. 
C,;H,,0,N, requires N, 11-0%). 

7-Methoxy-1-phenylphthalazine—When this hydrazone (5 g,) 
was treated in exactly the same way as the dimethoxy-compound, 
the resulting phthalazine crystallised from absolute alcohol in 
yellow needles, m. p. 167° (Found: N, 11-5. C,;H,,ON, requires 
N, 11-9%); it is sparingly soluble in alcohol but more soluble in 
benzene. The picrate, prepared in the usual way in alcoholic solution, 
crystallised from alcohol in yellow needles, m. p. 208° (Found: 
N, 14:9. C,,H,;0,N, requires N, 15-1%). 

s - Benzoyl - 4 - methoxybenzylhydrazine. — Anisaldehydebenzoy) - 
hydrazone (5 g.), dissolved in the minimum quantity of absolute 
alcohol, was reduced with 100 g. of 3% sodium amalgam. The 
reduction product was isolated in the same way as before, except that 
in this case no ether was used, the product being precipitated as 
well-defined crystals on dilution with water after removal of excess 
of alcohol by distillation under low pressure. The s-benzoy-4 
methoxybenzylhydrazine, after treatment with dilute hydrochloric 
acid and subsequent neutralisation with alkali, was recrystallised 
from absolute alcohol and separated in shining plates, m. p. % 
(Found: N, 11-1. C,;H,,0O,N, requires N, 10-9%). It was no 
changed into a phthalazine by the usual reagents. ’ 

Piperonaldehydebenzoylhydrazone, from benzoylhydrazine andj 
piperonal, was isolated as in the previous cases; it crystallised from 
absolute alcohol in shining needles, m. p. 170° (Found: N, 102 
C,;H,,0,N, requires N, 10-4%). 

6 : 7-Methylenedioxy-1-phenylphthalazine.—The hydrazone (6 ¢)) 
dissolved in chloroform (50 c.c.), was refluxed with phosphor 
oxychloride (30 c.c.), and the product worked up as before. Tit 
phthalazine crystallised from benzene-light petroleum in ye 
needles, m. p. 200° (Found: N, 11-1. C,;H,,0,N, requires \ 
11-2%) ; it is slightly soluble in alcohol, but more soluble in benzent 

s-Benzoyl-4 : 5-methylenedioxybenzylhydrazine, prepared by © 
duction as above, crystallised from alcohol in shining plates, ™. 
130° (Found: N, 10-7. C©,;H,,0,N, requires N, 10-4%). 

Benzaldehydebenzoylhydrazone, prepared by refluxing * 
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alcoholic solution of the reactants with a little alkali, had m. p. 
203° after crystallisation from alcohol (Curtius, Ber., 1890, 23, 
28, also gives m. p. 203°) (Found: N, 12-5. Cale.: N, 12-5%). 
1-Phenylphthalazine (I) was prepared and isolated in the usual 
way, except that in this case, after the removal of chloroform and 
addition of a few drops of alcohol, the reddish-brown oil which was 
precipitated crystallised spontaneously in yellow needles on the 
addition of more alcohol. The phthalazine so obtained was ground 
with alkali, washed, and recrystallised from dilute alcohol; m. p. 

174--175° (Found : N, 13-5. C,,H,)N, requires N, 13-6%). 
s-Benzoylbenzylhydrazine crystallised from alcohol in needles, 
m. p. 115° (Found: N, 12-7. C,,H,,ON, requires N, 12-4%). 
This substance was not converted into a phthalazine. 
m-Nitrobenzaldehydebenzoylhydrazone crystallised from absolute 
aleohol (charcoal) in colourless needles, m. p. 190° (Found : N, 15-7. 
(,4H,,O3N, requires N, 15-6%). 

The corresponding 6(or 8)-nitro-1-phenylphthalazine crystallised 
from alcohol in yellow needles, m. p. 165° (Found: N, 16-8. 
(,,H,O,N, requires N, 16-7%). 

o-M ethoxybenzaldehydebenzoylhydrazone crystallises in colourless 
needles, m. p. 179° (Found: N, 11-2. C,;H,,0O.N, requires N, 
110%). 

5-Methoay-1-phenylphthalazine crystallises in yellow needles, 
m. p. 135° (Found: N, 12-0. C,;H,,ON, requires N, 11-9%). 

s-Benzoyl-o-methoxybenzylhydrazine, prepared by the usual reduc- 
jon process and purified by fractional crystallisation from light 

etroleum, formed colourless needles, m. p. 80° (Found: N, 11-2. 
(,;H,,O.N. requires N, 10-9%). 

Action of Copper Sulphate on Benzoylhydrazine—An alcoholic 
olution of benzoylhydrazine (2-72 g.) was added to a cold aqueous 
solution of copper sulphate (2-49 g.), and the resulting precipitate, 
onsisting of bluish silky needles, was well washed, first with water, 
hen with alcohol, and finally with ether (Found : N, 12-1; Cu, 13-7; 
6-9. C,,H,50,N,SCu requires N, 12-0; Cu, 13-5; 8, 6-9%). 

Tae University, LAHORE. [Received, July 8th, 1929.] 





CLV.—The Reaction of Bromine with Aliphatic Acids. 
Part III. a- and y-Ketonic Acids. 
By Epwarp Davin Hucues and HERBERT BEN Watson. 


HE well-known tautomerism of the §-diketones and §-ketonic 
hers (¢.g., acetylacetone, ethyl acetoacetate), which has been 
idied extensively by K. H. Meyer and others, has a parallel among 
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the «-diketones and «-ketonic acids. Thus, the existence of keto. 
enol tautomerism has been established in the case of phenyl benzy| 
diketone by Widman (Ber., 1916, 49, 484), Jérlander (ibid., 1917, 50, 
406), Malkin and Robinson (J., 1925, 427, 371), and Dufraisse and 
Moureu (Compt. rend., 1925, 180, 1946; Bull. Soc. chim., 1927, 44, 
1607); the last-named investigators obtained pure specimens of 
three isomerides, viz., the diketonic and two stereoisomeric mono. 
enolic forms. Phenyl anisyl diketone and benzyl methyl diketone 
behave similarly (Dufraisse and Moureu, loc. cit.; Moureu, Compt. 
rend., 1928, 186, 380, 503; 1929, 188, 504; Lowry, Moureu, and 
MacConkey, J., 1928, 3167). The enolic forms always react instan- 
taneously with bromine. Certain reactions of «-ketonic acids and 
their esters led Schiff (Ber., 1898, 34, 1304) and Bougault and 
Hemmerlé (Compt. rend., 1915, 1460, 100) to postulate the presence 
of an enolide here also, and Gault and Weick (Compt. rend., 1920, 
170, 1392) isolated three forms of ethyl phenylpyruvate. 

Although keto-enol tautomerism is clearly possible also in y-di- 
ketones and y-ketonic acids, its existence has not hitherto been 
demonstrated, but the authors haye now obtained such evidence 
in the case of the acids, and also further evidence of the enolis- 
ation of «-ketonic acids, by investigating the kinetics of bromin- 
ation of pyruvic and levulic acids. 

1. Pyruvic Acid.—Pure monobromopyruvie acid was obtained 
by Ward (J., 1923, 123, 2207) by treating pyruvic acid with bromine 
(1 mol.) at temperatures up to 50°, and it is evident from his results 
that under these conditions the bromination does not proceed 
further. This had already been indicated by Wislicenus (Annalen, 
1868, 448, 208) and Wichelhaus (Ber., 1868, 1, 263; Amnnalen, 1869. 
152, 264), and Gans had isolated the monobrominated acid (Annalen, 
1891, 264, 233) by bromination in concentrated hydrochloric acid 
at 12—15°. 

Ward suggested that pyruvic acid reacts with halogens in its enolit 
form, CH,:C(OH)-CO,H. Ifa comparatively slow change to enolide 
is followed by very rapid reaction with bromine, the velocity o 
bromination will be independent of the concentration of the halogen 
(compare the bromination of acetone, Lapworth, J., 1904, 85, 30), 
and if the acid originally contains enolide, this measurable reaction 
will be preceded by instantaneous disappearance of a portion of the 
bromine. Evidence bearing upon an “ enolic ” mechanism should 
therefore be provided by measurements of the velocity of bromit- 
ation, and this method has been adopted by the authors. 

In no case has a measurable quantity of bromine been observed 
to disappear instantaneously in reaction with pure pyruvic acid, and 
the existence in the acid of any appreciable quantity of an enolide 
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which reacts with halogens at great speed is therefore excluded. 
This is in harmony with the results of physical measurements by 
Perkin (J., 1892, 64, 801) and by Brith] (Ber., 1894, 27, 2378). 
Measurements of ultra-violet absorption, however, led Henri and 
Fromageot (Bull. Soc. chim., 1925, 37, 845) to believe that, although 
concentrated aqueous solutions of the acid are almost entirely 
ketonic, dilution produces some enolide; and Pascal (Bull. Soc. 
chim., 1926, 39, 396), from determinations of its magnetic rotation, 
suggested that the pure acid contained 20% of the enolic form, 
which increased to 38% in a 90% aqueous solution. This supposed 
existence of enolide is now shown to be due to the presence of 
impurities, for fractional distillation of pyruvic acid—the method 
used by the above investigators—even under reduced pressure 
yields a yellowish product, which gives very discordant. results, 
pointing to the presence of small quantities of a substance which 
reacts readily with bromine at 25°. The impurity can be removed, 
however, and the acid obtained colourless, by repeated freezing 
out. 

It has long been known that, on heating, or even on standing at 
the ordinary temperature, pyruvic acid undergoes decomposition, 
giving ‘‘ syrupy pyruvic acid ” (Berzelius, Ann. Physik, 1830, 36, 
1; Vélekel, Annalen, 1854, 89,71; Bottinger, ibid., 1874, 172, 258 ; 
1877, 188, 300), which consists principally (Wolff, tbid., 1899, 305, 
1344; 1901, 317, 1; De Jong, Ree. trav. chim., 1901, 20, 81) of 
parapyruvie acid (I) and a-ketovalerolactone-y-carboxylic acid (II). 

OH (CO0,H 0 O 
2CH,CO-CO,H —-> CH;°C-CH,-CO —-> CH,C-CH,-CO + H,0. 
CO,H (1.) CO,H (IL) 


The authors find that neither of these substances reacts rapidly with 
bromine at 25°, and the discordant results with impure acid are 
therefore attributed to the presence of one or more of the other 
substances which have been detected in the decomposition products 
of pyruvic acid, e.g., uvic, hydroxydihydrobenzoic, or citraconic 
acid, all of which react readily with bromine (Bottinger, loc. cit. ; 
Ber., 1876, 9, 1821; Simon, Compt. rend., 1900, 134, 586, 618). 
When a 5-6M-aqueous solution of the purified acid reacts with 
bromine (ca. 0-07M) at 25°, the speed is constant throughout, and 
independent of the initial concentration of the halogen. It is clear, 
therefore, that the reaction occurs in at least two stages, the measured 
Velocity being that of a stage in which bromine takes no part, 
wobably enolisation. It appears strange that the formation of 
lydrogen bromide during the reaction does not result in auto- 
catalysis (compare levulic acid, below); measurements of the 
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velocity of bromination in presence of mineral acids added initially, 
however, have shown that their catalytic influence is relatively 
small, and the effect of hydrogen bromide at the concentration 
developed during the reaction would not be perceptible. More 
dilute solutions of pyruvic acid (e.g., of 4 or } the above concen. 
tration) give a short initial period of greater speed, which is removed 
by the addition of an excess of mineral acid ; this could be accounted 
for by the formation of a small amount of unsaturated impurity 
which is removed by the acid. 

In chloroform solution, the bromination of pyruvic acid proceeds 
with increasing speed after a latent period, this period being of 
variable duration in reactions carried out under apparently identical 
conditions. The bromination of acetone in chloroform or carbon 
tetrachloride shows the same peculiarity. (Glass flasks were used 
in both series of observations.) A similar phenomenon was observed 
by Ward (loc. cit.), who found that different portions of the same 
sample of pyruvic acid reacted with bromine after intervals varying 
from 4 to 10 hours. The arrests are not comparable in duration 
with those produced by a trace of quinoline (Watson, J., 1927, 
3065). A trace of mineral acid removes the latent period and induces 
a rapid reaction; in chloroform saturated with water, also, there is 
no such period, but the reaction, although gradually increasing in 
speed, is comparatively slow throughout. 

The mechanism of enolisation and other prototropic changes has 
recently been discussed in terms of the electronic theory of valency 
by Lowry (J., 1925, 127, 1382; 1927, 2557), by Ingold, Shoppee, 
and Thorpe (J., 1926, 1480), by Baker (J., 1928, 1583), and by Orton, 
Watson, and Hughes (J., 1927, 2460). In the compound CH,°CO-X 
(X = CH, or CO,H), a partial appropriation of electrons by the 
carbonyl oxygen atom (Ray and Robinson, J., 1925, 127, 1618; 
Baker and Ingold, J., 1927, 832) will result in one of the hydrogen 
atoms in the adjoining methyl group being in a state of “‘ incipient 
ionisation ’’ (Holmes and Ingold, J., 1926, 1307; Ingold, Shoppee, 


and Thorpe, loc. cit.). 
H 


Qa 
H—¢ —=0 
H X 
In view of the irregular period of induction referred to above, 
which recalls the arrests of mutarotation observed by Lowry and 
Richards (J., 1925, 127, 1385), and may be defined in their words as 
“a period of time during which a pure material is taking up the 
impurities that are needed to promote the change,” it would appear 
that enolisation consists, not (as assumed by Orton, Watson, and 
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Hughes *) in the mere transference of the ionised proton from one 
point in the molecule to another, but in the release of this proton to, 
and the acceptance of another proton from, an outside agent. This 
view has already been put forward by Lowry (loc. cit.). In the 
authors’ experiments, the necessary agent is (a) water, (b) the ion 
H,O*, provided either by an added acid or by the pyruvic acid itself, 
(c) covalent halogen or other acid; (a) and (6) refer to the experi- 
ments in water or moist chloroform, and (c) refers to the experiments 
in dry chloroform medium. These agents may be considered to 
co-ordinate with the carbonyl oxygen, to give respectively 








The co-ordinated group thus provides a proton, and the remainder 
of the group (OH, H,0, or Hai) will withdraw the incipiently ionised 
hydrogen atom. These processes, together with the consequent 
movement of electrons through the molecule (somewhat as indicated 
by Lowry), will result in the production of the enolide. 

In cases (6) and (c), the influence (“‘ inductive effect ’’; Ingold, 
Ann. Reports, 1926, 23, 140) of the positive pole or of the halogen 
atom (compare Baker and Ingold, J., 1926, 2466; Ingold, loc. cit.) 
will augment the electron shifts which lead to the ionising of the 
proton, and will thus facilitate enolisation. The superiority of 
covalent to ionised acids as catalysts (which has frequently been 
observed, e.g., Meyer, Annalen, 1911, 380, 238; see also above) is 
easily understood, since the proton will unite with a bromine ion 
more readily than with a neutral water molecule. 

According to the scheme suggested above, only one catalyst 
appears to be necessary to bring about enolisation. The single 
molecule then functions both as proton donator and proton acceptor 
(compare Lowry, loc. cit.), and in cases (b) and (c) it also “ facilitates 
indirectly the liberation of the ionising proton,” and thus combines 
the characters of the two types of catalyst postulated by Baker 
(loc. cit.). 

2. Levulic Acid—The reaction of molecular proportions of 
bromine and levulic acid in concentrated hydrochloric acid solution 
gives rise (Wolff, Annalen, 1891, 264, 233; Ber., 1887, 20, 425) to 
the 86-monobrominated derivative; with more bromine the reaction 


* These authors discussed only relative rates of enolisation, and in that 
connexion the history of the ionised proton was immaterial. 
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proceeds further, giving $3-dibromolevulic acid (Hell and Kehrer, 
Ber., 1884, 17, 1981), which is invariably the principal product when 
bromination is carried. out in ethereal or chloroform solution (Wolff, 
Annalen, 1885, 229, 266; Ber., 1893, 26, 2216; Hell and Kehrer, 
loc. cit,). The authors have confirmed these results. 

The rate at which levulie acid reacts with bromine in aqueous solu- 
tion, in presence of a mineral acid as catalyst, is independent of the 
concentration of the halogen, but proportional to that of the acid. 
The effect of mineral acid is here more marked than in the case of 
pyruvic acid, and in absence of added catalyst the reaction proceeds 
with steadily increasing velocity (autocatalysis). The halogen 
apparently reacts with the enolic form of the levulic acid : 


Br, 
CH,-CO-CH,CH,-CO,H —> CH,-C(OH):CH-CH,-CO,H —> 
CH,-CO-CHBr-CH,:CO,H + HBr 


although physical measurements (Perkin, Joc. cit.; Briihl, loc. cit.; 
Auwers and Heinze, Ber., 1919, 52, 584) indicate the absence of 
enolide in the acid itself. 

A study of the velocity of bromination of 8-monobromolevulic 
acid in aqueous solution in presence of mineral acid has shown that 
this reaction, as would be expected, is comparatively slow; the 
velocity is independent of the concentration of halogen, a fact which 
suggests that the monobrominated acid reacts in the enolic form, 
CH,-C(OH)-CHBr-CH,-CO,H. 

In chloroform solution, bromine reacts with levulic acid, as with 
pyruvic, after a latent period of variable duration; traces of water 
and of mineral acid have the effects described above. 

As already pointed out, application of the electronic theory of 
valency leads to the idea that a hydrogen atom of the methyl group 
in pyruvic acid is incipiently ionised, owing to the partial appro- 
priation of electrons by the carbonyl oxygen. In acetoacetic and 
levulic acids, this effect will be shared by an «- and a y-hydrogen 
atom (IIT), and by a 8- and a 8-hydrogen atom (IV), respectively. 


Y | 
onto cont oF 
(II.) poh pe 4 (IV.) 
_fs is 
$ 
I | 
Superimposed on this, however, is the ‘ inductive effect ” of the 


carboxyl group, and the two effects co-operate in promoting the 
ionisation of the «-hydrogen atom in acetoacetic acid and of the 
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3-hydrogen atom in lavulic acid. This is in harmony with the facts 
that in ethyl acetoacetate only the one enolide, CH,-C(OH):CH-CO,H, 
is known, and that the 8-hydrogen atom of levulic acid enolises more 
readily than the 3-hydrogen atom. The tendency towards enolis- 
ation is undoubtedly stronger in acetoacetic than in levulic acid, 
and this may be attributed to a screening of the effect of the carboxyl 
group in the latter by the «-carbon atom (compare Ingold, Ann. 
Reports, 1926, 23, 130; 1928, 25, 137). 

The results described above have furnished definite evidence 
that the reaction of bromine with «- and y-ketonic acids, as with 
6-ketonic acids, is preceded by a change of the acid to its enolic 
form, which reacts with the halogen at great speed. The pheno- 
mena observed are such as would be anticipated from the application 
of the electronic theory of valency. 


EXPERIMENTAL. 

The pyruvic acid was obtained by distillation of tartaric acid with 
potassium hydrogen sulphate, and on fractionation it boiled at 
62°/12 mm. or 48°/2-5 mm. From this acid a pure product was 
obtained after two or three freezings, the portion of lower melting 
point being rejected in each case. In cold weather it was found 
convenient, after removal of the liquid from the first freezing, to 
melt the solid almost completely, and then set it outside over-night ; 
slow crystallisation took place, and a colourless product was obtained, 
m. p. 11-8°. [Ward (loc. cit.), who used the same method, does not 
record a m. p., but Simon (Bull. Soc. chim., 1893, 9, 111; 1895, 
13, 336), who used fractional distillation under reduced pressure, 
gives both 9° and 1363°.] The levulic acid was purified by a 
similar process; the product obtained by fractionation was yellow- 
ish, but after two freezings, colourless crystals resulted, m. p. 31-5— 
32° (compare Grote, Kehrer, and Tollens, Annalen, 1881, 206, 207 ; 
Conrad, ibid., 1877, 188, 223). 

The water was distilled from permanganate and potash, and the 
chloroform and carbon tetrachloride were washed with acid, alkali, 
and water, dried, and distilled. The acetone was purified by the 
sodium iodide method, dried, and distilled. The bromine was 
treated as described in Part I. In the velocity measurements 
(which were carried out in glass flasks), 2 c.c. of the reaction mixture 
were withdrawn at suitable intervals, added to potassium iodide, 
and the iodine was titrated with thiosulphate. Titres are ex- 
pressed throughout inc.c. of N/50-thiosulphate, and concentrations 
(mols./l.) of pyruvic and levulic acids are denoted by P and 


L respectively. 
3u2 
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Bromination of Pyruvic Acid in Aqueous Solution. 
(a) At 25°. 
Fall in titre after (mins.) 


90. 120. 240. 
13-05 
5:85 7-40 gone 
3°50 4: 5-80 
2-80 3- 4-90 
1:80 2- 4-00 
1-50 2- 8-95 
1-45 2- 3°85 
150 2- 3-90 
4:30 5: gone 





Substance Initial 
added. titre. 
13-40 
10-10 
7-20 
7-10 
0-07M-HBr 8-55 
1-70M-HBr 6-40 
1-1 
1 


> 
o 


30. 45. 
4-70 6-70 
2-75 3-55 
2-20 2-55 
1-80 2-10 
0-95 1-15 
0-50 0-70 
0-60 0-75 
0-60 0:75 
1-35 2-05 


(6) At 0°. 
Fall in titre after (hrs.) 
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5M-HCl 6-00 
15M-HCl 12-20 
4-40M-H,SO, 6- 10 
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Substance Initial ; 
added. titre. 5. 10. 20. 40. 60. 90. 


— 655 150 205 2-75 3-75 460 5:95 
1-70M-HBr 6-70 0-35 0-65 1-40 2-80 4-25 6-40 
1-15M-HCl 6-70 050 0-80 145 2-70 400 5:85 
4-40M-H,SO, 6-30 1:20 2:35 4-75 gone 


Bromination of Pyruvic Acid in -Chloroform Solution.—(i) Dry 
chloroform. The variable duration of the latent period is illustrated 
by the following reactions: P = 1-01; temp. = 25°. 

Fall in titre after (mins.) 


titre. 90. 120. 135. 150. 170. 
8:50 «0 0 0-70 260 6-90 
810 0 0-90 270 620 gone 

0 

0- 

0 





Initial 


8-30 0-50 1-70 4-30 gone 
8-30 20 1-75 3°95 7-80 gone 
16-70 0 0-25 1-55 5-25 


Similar experiments carried out at 0° gave arrests of several hours. 


(ii) Moist chloroform. P = 1-01; initial titre = 8-30; temp. = 25°. 
30 60 90 120 240 360 
Fall in titre 0-10 0-20 0:30 0-40 1-10 3-95 
(iii) Chloroform containing a trace of mineral acid. P = 1-01; 
temp. = 25°. 
HBr = 0-38M;; initial titre = 8-00. 
Time (mins.) 0-5 1-0 1-5 2-0 
Fall in titre 1-10 2-90 4-10 5-65 
HCl = 0-14M;; initial titre = 11-30. 
Time (mins.) 10 20 30 40 
0-80 200 440 770 
H,SO, = trace; initial titre = 7-60. 


10 20 30 40 50 
Fall in titre 0-70 1-70 3°25 5-60 
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Bromination of «-Ketovalerolactone-y-carboxylic Acid.—This sub- 
stance separated from the residues after distillation of pyruvic acid. 
After recrystallisation from chloroform it melted at 115—116° (De 
Jong gives 115—116°, and Wolff 116—117°). Bromination in 
water at 25° gave the following result : 


Cone. of lactonic acid = 0-14M; initial titre = 7-50. 
Time (hrs.) 3 23 94 166 
Fall in titre 0-40 1-50 4-30 5-80 
Bromination of Parapyruvic Acid.—Barium parapyruvate was 
prepared as described by Wolff (Annalen, 1899, 305, 157), from 
pyruvic acid and barium carbonate, potassium hydroxide being used 
as condensing agent; yield, 90% (Found: Ba, 43-2. Calc. for 
(,H,0,Ba: Ba, 44%). The calculated amount of dilute sulphuric 
acid was added to a quantity of this salt, and the solution, after 
removal of barium sulphate, was treated with bromine, at 25°. 


[C,H,O,] = 013M; initial titre = 6-60. 
Time (hrs.) 1 2 3 4 
Fall in titre 1-85 2-90 3-80 4:75 

Bromination of Acetone.—In chloroform medium (acetone = 
)11LM, Br, = 0-05M) the reaction at 25° became measurable after 
intervals varying from 10 to 60 minutes, and was then complete in 
afew minutes. Reagents dried over calcium chloride and over 
phosphoric oxide gave similar results. Variable arrests were 
obtained by using acetone in concentrations up to 5-5M. In carbon 
tetrachloride medium the arrests were, as a rule, somewhat less 
variable, but occasionally very long arrests were observed, e.g., with 
aetone = 0-045M, Br, = 0-07M, the mean of four similar experi- 
nents gave 

THNC (WHERB.) ...cccessereece 30 45 60 90 110 

Fall in titre 0 0-10 10-05 11-60 12-15 
but in two experiments carried out under the same conditions there 
was no fall in titre after several hours. 

Bromination of Levulic Acid.—Bromine (1 mol.) was added in 
small amounts to levulic acid dissolved in water containing hydro- 
chloric acid at 25°. After extraction with ether, a solid was obtained, 
m. p. 48—52°; after recrystallisation from carbon disulphide, this 
melted at 56° (Wolff gives 59°) (Found: Br, 41-22. Calc. for 
(;H,0,Br : Br, 41-02%). When 2 mols. of bromine were employed, 
the product (recrystallised from hot water) had m. p. 113° (Hell and 
Kehrer give 112—113°, and Wolff 114—115°) (Found: Br, 58-02. 
(ale. for C;H,O,Br,: Br, 58-39%). The dibrominated acid was 
lso isolated when molecular proportions of levulic acid and bromine 
reacted in chloroform medium at 25°. 
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Velocity of bromination in aqueous solution at 25°. 
Fall in titre after (hrs.) 





Substance Initial 
added. titre. 10. 20. 30. 40. 50. 60. 80. 


nil 7-20 0-80 1-70 2-55 3-60 4:90 6-50 gone 
nil 13-95 0-80 1-70 2-60 3-70 5-00 6-65 


Fall in titre after (mins.) 





Substance Initial 

L. added. titre. 
0-690 0-69M-HBr 14-50 
0-690 0-69M-HBr 7-15 
0-690 0-46M-HCl 6-90 
0-690 0-46M-HCl 13-70 
0-690 0-46M-HCl 22-30 
0-690 0-23M-HCl 6-70 
0-345 0-46M-HCI 6-85 
0-690 1-48M-H,SO, 12-10 


In chloroform solution (Z = 0-28M, Br, = 0-05) there was an 
arrest varying from 4 to 12 minutes, after which the reaction was 
complete in about 2 minutes. 

Bromination of 8-Monobromolevulic Acid in Aqueous Solution 
at 25°. s 

Conc. of acid = 0:-5M; HCl = 0-46M; initial titre = 8-30. 


Time (hrs.) 4 6 8 10 
Fall in titre ° 2-10 3-10 4-20 5-30 


90. 120. 150. 180. 
6-00 7:90 9-90 11-90 
5°85 gone 
4-70 6:30 gone 
4-65 6-30 7-85 
4-75 6-30 7-95 

3°90 

3°85 
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CCLVI.—Siudies in ‘“Strainless” Rings. Part I. 
B-Substituted Stereoisomerie Decalins (Decahydio- 
naphthalenes). 


By Kesuavian AswatH Narain Rao, 


CONSIDERABLE attention has in recent years been directed to the 
spatial arrangement of large monocyclic rings (Ruzicka, Felt. 
Chim. Acta, 1926, 9, 499, etc.) and dicyclic rings (Windaus, Hiickel, 
and Reverey, Ber., 1923, 56,95; Hiickel, Nach. Ges. Wiss. Gottinger, 
1923, 43; Annalen, 1925, 441, 1; 1927, 454, 109; Hiickel and 
Friedrich, ibid., 1926, 454, 132; Hiickel and Stepf, ibid., 1927, 
453, 163; Perkin and Sedgwick, J., 1924, 125, 2437; 1926, 438: 
Perkin and Plant, J., 1927, 2676; Wightman, J., 1925, 127, 1421; 
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1926, 2541), and the view is now more or less generally accepted 
that the strain caused by the distortion of the valencies in these 
rings is partly relieved in many cases by transformation from a 
uiplanar to a multiplanar system. 

The theory of “stramless ” rings was first advanced by Sachse 
(Ber., 1890, 23, 1363), who suggested that the strain in cyclo- 
hexane is eliminated by the assumption of a multiplanar form. 
Since the isomerism demanded by this hypothesis has not been 
observed in the case of cyclohexane and its derivatives (Wightman, 
loc. cit.), and there is other evidence (Beesly, Ingold, and Thorpe, 
J. 1915, 107, 1080; see Ingold and Thorpe, J., 1928, 1320) in- 
dicating the presence of considerable strain in this ring, this hypo- 
thesis lacks experimental support. Mohr (J. pr. Chem., 1918, 98, 
315; 1922, 103, 316), who extended this idea and applied it to 
the case of dicyclic rings, postulated that the’fusion of two strainless 
cyclohexane rings to form decahydronaphthalene could take place 
by the union of either the cis- (I) or the trans-valencies (II), the 
latter being remarkable. The requirements of this theory with 


(II.) 


regard to isomerism have been brilliantly confirmed by Hiickel 
nd his collaborators. But the mere fact that these rings are 
capable of existing not only in cis- but also in trans-forms is in itself 


cyclohexane rings in decalin must obviously lie in different planes, 
but whether each or either of them is multiplanar and strainless can 
be decided only when further evidence of a different type is furnished 
(see Haworth, Ann. Reports, 1927, 24, 98). 

The ‘‘ valency-deflexion ’’ hypothesis of Thorpe and Ingold has 
been satisfied in its main demands by a large amount of experi- 
mental data. Evidence on diminished strain in cycloheptane, 
obtained by a study of the spiro-compounds derived from it (Baker 
and Ingold, J., 1923, 123, 122, etc.), is in harmony with that from 
other sources. This series of investigations is a study of the con- 
lition of strain in such dicyclic rings, and since decalin is the simplest 
if them, the preparation and properties of the stereoisomeric 
lecalin-2 : 2-diacetic acids are now described. 
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Hiickel (Annalen, 1927, 451, 109) has already demonstrated the 
existence of four 6-decalols (cis-, m. p. 105° and 17°; trans-, m. p, 
75° and 53°) derived from the two §-decalones (III) and (IV). 


CH(CN)-C Onn * 


H- Hi 
CH(CO-NH,)-CO: 
(ITT.) (IV.) CoH16>C< OH (CO-NH,)-CO>NH (VL) 


cis- and trans-8-Decalones, prepared from the §-decalols of m. p. 
105° and 75°, respectively, differ considerably in their tendency to 
condense with ethyl cyanoacetate and ammonia in ethyl-alcoholic 
solution according to Guareschi’s method (Thole and Thorpe, J, 
1911, 99, 422; Kon and Thorpe, J., 1919, 115, 686); for, under 
similar conditions, more than 70% of trans-imide (V) is formed, 
whilst the yield of the cis-isomeride rarely exceeds 40%. The 
reason for this contrast possibly lies in the difference in solubility 
between the ammonium salts of the cis- and trans-dicyano-imides 
in the alcoholic solution : the almost complete precipitation of the 
very sparingly soluble trans-compound would facilitate its production, 
and, on the other hand, the increased concentration of the freely 
soluble cis-isomeride would inhibit the progress of the reaction, 
resulting in a diminished yield. This divergence in their properties 
has made it possible to prepare the stereochemical individuals in a 
pure condition from a mixture of $-decalones. 

Both the dicyano-imides give on treatment with cold concen- 
trated sulphuric acid the cis- and trans- Ghastamyls imides (VJ), 
and are converted by complete hydrolysis with 60% sulphuric acid 
(Thole and Thorpe, Joc. cit.; Kon and Thorpe, lee cit.) into cis- 
(VII) and trans- (VIII) -decalin-2 : 2-diacetic acids. 

The two diacetic acids resemble each other very closely in their 
properties. They are sparingly soluble in all the usual solvents 
except acetone and alcohol, do not crystallise well, and form in- 
soluble metallic salts, thus differing markedly from the 1 : 1-diacetic 
acids of cyclo-pentane, -hexane, and -heptane. A mixture of the 
acids melts at an intermediate temperature, viz., 167—169°, and this 
property, which is not infrequently displayed by compounds closely 
allied in structure, is also exhibited by the semicarbazones of the 
parent decalones (cis-, m. p. 185—186°; trans-, 193°; mixture, 
m. p. 185°). Since this close resemblance between the two acids 
extends to most of their derivatives, which are therefore classified 
into an (A) and a (B) series, identification of an acid of unknown 
parentage is difficult, and separation of a stereoisomeric mixture 
into its components has not been achieved. 
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ad H,°CO,H 


(VII.) cis- (m. p. 167°). 


(IX.) cotagnaei (m. p. 91°). 


CH,°CO,H H,°CO-NHPh 
=e H,*CO-NHPh nots H,-CO,H 
Melt 


(XI.) A-Form (m. p. 200°). —__-» (XII.) B-Form (m. p. 167°). 


CH,*CO 
= H,-CO>NPh 


(XIII; m. p. 210°.) 


CH,°CO,H 
Cen: COH 
ww 
(VIII.) trans- (m. p. 175°). 


(X.) Anhydride (m. p. 37°). 


CH,-CO,H H,-CO-NHPh 
“# )<CH;-CO"NHPh Cun: ‘CO,H 


Melt 
(XIV.) A-Form (m. p. 204°). wa Y (XV.) B-Form (m. p. 165—166°). 


cr CO 


(XVI; m. p. 205°.) 


Each of the anhydrides (IX) and (X) derived from the cis- and 
trans-acids gives a pair of anilic acids; the (A) anilic acids, (XT) 
and (XIV), are sparingly soluble and resemble each other closely in 
other properties, and the (B) acids, (XII) and (XV), do so to an 
even greater degree, melting at nearly the same temperature (cis-, 
167°; trans-, 165—166°) and not depressing each other’s melting 
point. The chemical individuality of cis- and trans-B anilic acids 
is, however, clearly demonstrated by the formation of different 
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anils from them, for the cis-anil (XIII) prepared by melting either 
of the cis-anilic acids can be easily distinguished from the trans-ani] 
(XVI) obtained by dehydration of the trans-anilic acids. Particular 
attention may be directed to the conversion of the less fusible 
(A) forms into the (B) compounds—a curious inversion of stability 
further emphasised by the formation of the latter from the 
anhydride to the greater extent (65°,)—contrary to the well-estab. 
lished stability of the high-melting forms into which the more 
fusible isomerides are usually converted. 

Comparison of the physical properties of the ethyl esters of (VII) 
and (VIII) shows the same relationship as has been found by Hiickel 
(Fortschritte der Chemie, Physik und Physikalischen Chemie, Ba. 
19, Heft 4, 1927, 45) in the case of other liquid isomerides. The 
cis-isomeride has usually a higher b. p., density, and refractive 
index, but a lower molecular refraction than the trans-form, thus: 


Ethyl ester of (VII). (VIII). 
213°/21 mm. 209°/16 mm. 
dys* 1-04874 dy* 1-04115 
np 1-47918 np 1-47702 
83-85 84-14 
Ethyl trans-decahydronaphthylidene-2-eyanoacetate (XVII), pre- 
pared by condensing frans-B-decalone with ethyl cyanoacetate in 


presence of piperidine, displays a considerable preponderance of 


C,H,.>C=C(CN)-CO,Et C,H,;>C—CMe(CN)-CO,Et 
(XVII.) (XVIITI.) 


(XIX.) C,H, 5>C—CH,-CN C,H,,>C=CMeCN (XX.) 


the «8-phase as shown by its ready addition of polar reagents like 
potassium cyanide with formation of metallo-derivatives, its dis- 
inclination to react with bromine, its oxidation into trans-f-decalone, 
and its conversion into the trans-dicyano-imide (V) on condensation 
with another molecule of ethyl eyanoacetate. In this respect, it 
behaves very similarly to ethyl cyclohexylidenecyanoacetate, which 
has been shown by Lapworth and McRae (J., 1922, 124, 2741) and 
by Birch, Kon, and Norris (J., 1923, 123, 1369) to react chiefly in 
the «$-phase. Like the latter substance, it can, however, be 
methylated to form (XVIII), thus demonstrating the presence of 
the fy-phase in the tautomeric mixture. A comparison of the 
optical properties of the methylated ester, where the Py-form is 
alone possible, with that of the parent ester further emphasises the 
type of unsaturation in the latter. In accordance with its structure, 
( XVIII) reacts rapidly with bromine and is insoluble in a solution of 
potassium cyanide. 

The nitrile (XIX), formed on distillation of the liquid cyano-acid 
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obtained by the hydrolysis of (XVII), is probably a Py-isomeride, 
as has been found in the case of other unsaturated nitriles prepared 
from cyano-acids (Dr. A. Kandiah, private communication). The 
methylated nitrile (XX), prepared by removal of the carbethoxy- 
group from (XVIII), shows exaltation in its molecular refraction, 
in agreement with the observations of Birch and Kon (J., 1923, 
123, 2442) in the case of analogous nitriles, and is probably an «8- 
isomeride. Whether the double bond in the methylated derivatives 
lies in position 1 : 2 or 2 : 3 remains undecided. 

With the intention of preparing the stereoisomeric 2-carboxy- 
trans-decalin-2-acetic acids, Hiickel and Wiebke (Ber., 1926, 59, 
2843) condensed trans-2-ketodecahydronaphthalene cyanohydrin 
(XXVIII) with ethyl sodiocyanoacetate according to Higson and 
Thorpe (J., 1906, 89, 1455). By the hydrolysis of the resulting 
dicyano-ester (X-XI), they obtained a liquid acid from which they 
isolated a small quantity of solid, m. p. 149—150°. This has been 
described as pure 2-carboxy-trans-decalin-2-acetic acid and charac- 
terised by its anhydride, m. p. 91°. In the present instance, the 
unsaturated cyano-ester (X VII) has been found to condense smoothly 
with potassium cyanide in alcoholic solution to form the dicyano- 
ester (X XI), which on complete hydrolysis with sulphuric acid 
gives a liquid acid. This, after purification through the ester and 
trituration with ether-light petroleum, readily yields a small 
quantity of a solid. This acid, m. p. 197°, has been shown to be 


H CH,-CO 
(Hy > C08 ~ ¢ 
(XXVIII) a\¥% ‘eyaftanaan 


eg XXII.) B-Imide 
~ C,H,¢>C(CN)-CH(CN)-CO,Et Oe 145), 


(XXI.) 0-NH 
u on ‘CO 
— 2 


/CH,°CO,H 
nu} |’CO,H (XXIII.) A-Imide 
/ (m. p. 210°). 
TZ, (iv) B-Acid (m. p. 175°). i 


/\Z\AHe60 ve /CO,H 


(XXV; m. p. 98°).  (XXVII; m. p. 94°). (XXVI.) A-Acid 

(m. p. 197°). 
one of the two theoretically possible 2-carboxy-trans-decalin-2- 
‘etic acids and may be called the (A) form (XXVI). The non- 
wlidifying residue remaining after removal of the (A) acid partly 
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crystallises on conversion into the anhydride and distillation. The 
(B) acid (XXIV), formed on decomposing the crystalline anhydride 
(m. p. 98°), melts at 175°. It is therefore obvious that the 2. 
carboxy-trans-decalin-2-acetic acid and its anhydride described 
by Hiickel and Wiebke are mixtures of the (A) and (B) forms. 

On partial hydrolysis with sulphuric acid, (X XI) gives a mixture 
of imides, which can be separated by fractional crystallisation into 
two compounds, (i) the (B) imide (XXII), m. p. 145°, and (ii) the 
(A) imide (XXIII), m. p. 210°, the latter being converted by 
hydrolysis with potassium hydroxide into the (A) acid (X XVI). 

These results are completely in agreement with Mohr’s theory, 


Substituted cis- and trans-decalins of the type C,Hy,>C<¥ are 


capable of existing in four forms (the anilic acids). When, hov. 
ever, X and Y are identical (as in the diacetic acids), only one 
isomeride corresponding to each decalin is formed, the same result 
being achieved by replacing X and Y by a symmetrical ring (the 
anhydrides and anils). There is one point of interest, however, to 
which attention may be directed, viz., the replacement of the dis- 
similar groups X and Y by an unsymmetrical ring does not diminish 
the number of isomerides. This can be the only explanation of 
the existence of the two imides (XXII) and (XXIII), and the 
anhydrides (X XV) and (X XVII). 

It is improbable that there is a change of nuclear configuration 
during the hydrolysis of the dicyano-ester (X XI). It is true that 
isolated instances of cis-trans conversion in this type of substance 
have been recorded: Windaus, Hiickel, and Reverey (loc. ci. 
converted cis- and trans-anhydrides of hexahydrohomophthalic 
acid, (X XIX) and (XXX), into a mixture of the two; and cis. 
decalin (XX XI) was converted into trans-decalin (XXXII) on 


HCO at H, ie eu 
H— pend + a B= ie . 

Naked “Me 220°. oy. AIBr, >(1') 

(XXX.) So ) (XXXI.) (XXXIL) 
heating with aluminium chloride or bromide (Zelinski and Turov- 
Pollak, Ber., 1925, 58, 1298; Hiickel, loc. cit.); but the fundament 
postulate of Mohr allows of no such interconversion ordinarily. 
The two rings lock each other in such a way that, although variation 
of each formula can be produced by twisting or simultaneous 
rotation, no interconversion can take place except by the temporaly 
rupture of one of the bonds (see Ingold, Ann. Reports, 1924, 2, 
92; Hiickel, loc. cit.). The cis- and trans-compounds would col- 
sequently be stable isomerides, and this is exactly what has beel 
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observed in the experiments now recorded: in no instance has 
interconversion by melting, distillation, or boiling with acids or 
alkalis been observed. There is no reason, therefore, to believe 
that the two acids (XXIV) and (X XVI) do not possess the same 
nuclear configuration. It is intended, however, to confirm this 
conclusion by the synthesis of the acids from cis-8-decalone, when 
this becomes available. 


EXPERIMENTAL. 
trans-Series. 


trans-8-Decalone (IV).—To a solution of trans-8-decalol, m. p. 
75° (50 g.), in glacial acetic acid (150 c.c.), was added a concen- 
trated aqueous solution of chromic acid (26 g.) portionwise and 
the solution was kept for 48 hours. As the ketone distilled very 
slowly in steam, Hiickel’s method (Nach. Ges. Wiss. Gottingen, 1923, 
43; Annalen, 1925, 441, 1) was not suitable for its preparation 
in bulk, and the oxidation mixture was therefore heated on the 
steam-bath for a few hours, diluted with water, the excess of acetic 
acid partly neutralised, and the precipitated oil thoroughly extracted 
with ether. Purified through the sodium bisulphite compound, 
trans-8-decalone had b. p. 117°/16 mm. (semicarbazone, m. p. 193° 
on slow heating), d?* 0-97624, n?* 1-48337 (Hiickel gives b. p. 
126°/30 mm., semicarbazone, m. p. 192—193°, d} 0-975, nj 
148088). 

Condensation of trans-$-Decalone with Ethyl Cyanoacetate : w-Imide 
of trans-Decahydronaphthalene-2 :2-dicyanoacetic Acid (V).—Absolute 
aleohol (500 c.c.) cooled in a freezing-mixture was saturated with 
ammonia, mixed with ice-cold trans-6-decalone (152 g.) and ethyl 
cyanoacetate (226 g.) in a stoppered bottle, and kept for a week. 
The large quantity of the ammonium salt of the dicyano-imide 
which had been precipitated was filtered off, decomposed by boiling 
with dilute hydrochloric acid, thoroughly washed with boiling 
water, and dried at 100° (164 g.). The unchanged ketone preci- 
pitated on diluting the filtrate with water having been removed 
with ether, a further quantity of the dicyano-imide (6 g.) was 
obtained (total yield 60%). If the reaction mixture was kept for 
amonth, the yield was increased to 74%. 

Very sparingly soluble in all solvents, the w-imide of trans- 
decahydronaphthalene-2 : 2-dicyanoacetic acid crystallises best from 
ethyl alcohol, separating in silky needles, or from acetone in colour- 
less, lustrous, rectangular plates, m. p. 280° (decomp.) (Found : 
N,14-4. ©,,H,,0,N, requires N, 14-7%). 

o-Imide of «aa’-Dicarbamyl-trans-decahydronaphthalene-2 : 2-di- 
acetic Acid (V1).—A solution of the above dicyano-imide in ten times 
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its weight of sulphuric acid was kept for 24 hours and then poured 
on ice. After several crystallisations from ethyl alcohol, the di- 
carbamyl-imide melts at 234—235° (Found: C, 59-5; H, 7-4. 
C,,H,,0,N, requires C, 59-8; H, 7-2%). 

trans-Decahydronaphthalene-2 : 2-diacetie Acid (VIII).—A solution 
of the dicyano-imide (100 g.) in concentrated sulphuric acid (420 c.c.) 
was kept for 24 hours, then diluted with water (90 ¢.c.) and heated 
gently for 3 hours on a sand-bath. The dark brown liquid was 
cooled, further diluted with water (300 c.c.), boiled for 6 hours, 
cooled in ice, and diluted, and the precipitate was collected after 
6 hours. The acid was separated from any unchanged imide by 
extraction with dilute potassium carbonate solution (the sodium 
salt is too sparingly soluble), and purified through the ester or 
anhydride (yield 70 g.). Sparingly soluble in chloroform, benzene, 
and light petroleum, and moderately easily soluble in ether and 
alcohol, trans-decahydronaphthalene-2 : 2-diacetic acid crystallises 
from acetone in short colourless needles, m. p. 175° (sintering at 165°) 
(Found, after drying at 100°: C, 65-9; H, 8-8; equiv., by titration 
with baryta, 126-9. C,,H,,0, requires C, 66-1; H, 8-6%; equiv., 
127). The acid is unchanged by -boiling with 25% potassium 
hydroxide solution, concentrated hydrochloric or hydrobromic 
acid, or bromine. 

The methyl ester, prepared by refluxing the acid (75 g.), methyl 
alcohol (400 c.c.), and sulphuric acid (60 c.c.) for 3 hours, boils at 
190°/12 mm, (Found : C, 67-7; H,%1. C,,H,,O, requires C, 68-0; 
H, 9-2%). The physical constants of the efhyl ester (Found: 
C, 69-4; H, 9-8. C,gH,,0, requires C, 69-7; H, 9-7%) are given on 
p. 1958. Both esters are converted into the original acid on 
hydrolysis. 

The imide is formed when the dicyano-imide is incompletely 
hydrolysed and is found in the residue after the acid has been 
extracted with potassium carbonate; it crystallises from dilute 
acetic acid or aqueous acetone in colourless plates, m. p. 201° 
(Found : N, 6-3. C,,H,,0,N requires N, 6-0%). 

Di-p-toluidide. A molten mixture of the trans-diacetic acid and 
p-toluidine was kept for an hour at 200°; the unchanged base and 
acid having been removed, the trans-di-p-toluidide was crystallised 
from ethyl alcohol; m. p. 191° (sintering at 180°) (Found : C, 7777; 
H, 8-3. C,ygH3,g0,N. requires C, 77-8; H, 8-4%). 

Anhydride (X). The acid (50 g.) was refluxed with acetyl chloride 
for 1 hour, and the latter then removed; the trans-anhydride, 
b. p. 240°/20 mm.., is a thick viscous liquid, which, on long standing 
in a vacuum over potassium hydroxide, solidifies into a paraffin-like 
solid, m, p. 37° (Found: C, 71:3; H, 8-6. C,,Hyg03 requires 
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C, 71-2; H, 85%). It can also be prepared by treating the acid 
with acetic anhydride or by distilling it under reduced pressure. 

Isomeric Anilic Acids from  trans-Decahydronaphthalene-2 : 2- 
diacetic Acid.—The anhydride was mixed with excess of aniline in 
benzene solution, and the solid collected after 24 hours; it melted 
indefinitely at 120—180°, and was separated by fractional crystallis- 
ation from aqueous acetone into two anilic acids: (1) the more 
soluble (XV), m. p. 159—161° (65%), and (2) the less soluble (XIV), 
m. p. 199° (35%). 

(1) The stable trans-anilic acid (B) (XV) separates from benzene- 
light petroleum (b. p. 60—80°) in colourless needles and rectangular 
plates (dimorphous), which melt at 159—161°; by 24 hours’ standing 
ina vacuum over concentrated sulphuric acid, the m. p. is raised to 
165—166° (Found : C, 73-0; H, 8-2. C,)H,,0,N requires C, 73-0; 
H, 8:2%). 

(2) The unstable trans-anilic acid (A) (XIV) crystallises from 
acetone in colourless, lustrous, rectangular plates, m. p. 204° 
(Found: C, 73-0; H, 83%). When it was kept molten at 210— 
220° for 15 minutes and extracted with dilute ammonia, the solid 
precipitated on acidification of this solution melted after re- 
crystallisation at 165—166°, and was found to be identical with 
the stable acid (B) (XV). 

Anil (XVI).—When either of the anilic acids was kept at 210— 
220° until evolution of water ceased (30 mins.), cooled, triturated 
with dilute ammonia to remove any unchanged acid, and twice 
crystallised from alcohol, the same trans-anil separated in short, 
colourless needles, m. p. 205° (Found : C, 77-1; H, 7-9. Cj 9H,;O.N 
requires C, 77-1; H, 8-1%). This anil could not be converted into 
the cis-isomeride (XIII). 

Condensation of trans-8-Decalone with Ethyl Cyanoacetate: Ethyl 
trans-Decahydro-8-naphthylidenecyanoacetate.*—A mixture of trans- 
8-decalone (112 g.), ethyl cyanoacetate (76 g.), and a few drops of 
piperidine was kept for 3 days and then heated on the steam-bath 
for8 hours. The oil precipitated on dilution was extracted by ether, 
the extract washed with dilute hydrochloric acid and dried, and 
the ether removed. The residue distilled at 206—210°/14 mm. 
(105 g.), a mixture of unchanged ketone and ethyl cyanoacetate 
passing over at 120—126°/14 mm. On redistillation, pure ethyl 
trans-decahydro-6-naphthylidenecyanoacetate boils at 208°/14 mm. 
(Found : C, 72-7; H,8-6. Calc. forC,;H,,0,N : C, 72-9; H, 85%), 
and has di#* 1-06067, nif“ 1-51299, whence [R,;]p 70-04 (calc., 
68-08). It is a highly viscous liquid and does not solidify in a 


* The properties of this substance were described by Vogel (J., 1928, 2026). 
Its initial preparation was due to the author.—J. F. T. 
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freezing mixture; it adds on bromine very slowly with gradual 
evolution of hydrogen bromide, and is soluble in an alcoholic 
solution of potassium cyanide. Oxidised with ice-cold potassium 
permanganate solution (1%), it gives trans-$-decalone, identified 
by means of its semicarbazone. 

Condensation of the Foregoing Ester with Ethyl Cyanoacetate—The 
unsaturated cyano-ester (12 g.), mixed with ethyl cyanoacetate 
(5-7 g.) and absolute ethyl alcohol (25 c.c.) saturated with ammonia, 
was kept for 2 days; the precipitated solid was isolated in the usual 
way (see p. 1961) and identified as the trans-dicyano-imide (V), 
m. p. 280° (10 g.). 

Methylation of Ethyl trans-Decahydro-8-naphthylidenecyanoacetate. 
—tThe deep red colour produced when the unsaturated cyano-ester 
(XVII) (20 g.) was added to a solution of sodium (1-9 g.) in ethyl 
alcohol (30 c.c.) quickly disappeared, and methy] iodide (20 g.) was 
then added to the pale yellow solution. The mixture having been 
heated at 90° for 45 minutes, the oil precipitated on addition of 
water was extracted with ether, washed, dried, and distilled after 
removal of the solvent. On redistillation, pure ethyl «-cyano-z- 
A?:3(:2)_trans-decahydronaphthalene-2-propionate (XVIII) boils at 
192°/17 mm. (Found: C, 73-4; H, 8-8. C,,H,,0,N requires (, 
73-6; H, 8-8%), and has di“ 1-03663, nif“ 1-49098, whence [R,] 
72-97 (cale., 72-69). It adds on bromine rapidly in chloroform 
solution (but no solid bromide could be isolated) and is insoluble in 
a solution of potassium cyanide. 

A?: 3: 2).trans-Decahydronaphthalene-2-acetonitrile (X1IX).—The 
eyano-ester (X VII) (10 g.), mixed with a solution of sodium (1 g.) in 
methyl alcohol (40 c.c.), was refluxed for 1-5 hours, then diluted, 
and the unchanged ester extracted with ether. On acidifying the 
aqueous solution, the unsaturated cyano-acid,C,H,,>C:C(CN)-CO,H, 
was precipitated and extracted with ether. The residue obtained 
on removal of the dried ether could not be induced to crystallise, 
but solidified when cooled in ice. On distillation under reduced 
pressure it decomposed, and the portion of b. p. 150—170°/35 mm. 
was collected. After two distillations, the pure nitrile boiled at 
164°/26 mm. (Found : N, 8-1. C,,.H,,N requires N, 8-0%). 

« - trans - Decahydronaphthylidene -2- propionitrile (XX).—The 
methylated ester (XVIII) (8 g.) was mixed with a solution of sodium 
in ethyl alcohol (20 c.c.) and kept at 35° for 4 hours. The oil 
precipitated on dilution was extracted with ether, washed with 
water, and dried, and the ether removed. The residue distilled at 
160—180°/39 mm. and no product of higher boiling point was 
found, thus indicating the complete removal of the carbethoxy- 
group under the experimental conditions. Pure «-trans-decahydro- 
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uaphthylidene-2-propionitrile boils at 170—172°/18 mm. (Found : 
p, 81-7; H, 10-3; N, 7-2. C,,H,)N requires C, 82-5; H, 10-3; 
\, 74%), and has d?®* 0-9802, n$®* 1-51245, whence [R;]p 57-9 
(cale., 57-19). 

2-Carboxy-trans-decahydronaphthalene-2-acetic Acids (XXIV and 
XXVI).—Ethyl «-cyano-trans-decahydronaphthylidene-2-acetate 
(42 g.) in 95% ethyl alcohol (200 c.c.) was mixed with potassium 
yanide (25 g.) dissolved in water (53 c.c.); there was immediate 
evolution of heat and crystals soon separated. After 3 days, the 
plcohol was removed and the tarry residue of dicyano-ester (X XI) 
vas cautiously mixed with 300 c.c. of 75% sulphuric acid and heated 
gently for 1 hour. <A further 88 c.c. of water were added to the 
ooled solution, which was then boiled for 4 hours. Ether extracted 
he oil precipitated on diluting the solution, the acid constituent 
of the oil being isolated by extraction with dilute sodium carbonate 
olution and reprecipitation. The thick, heavy oil thus precipitated 
vas extracted with ether, the solution dried, and the ether removed. 
The residue showed no tendency to crystallise on standing for several 
jays, and was therefore esterified with ethyl alcohol and sulphuric 
wid in the usual way. The ethyl ester boils at 200°/18 mm. 
Found: C, 68-7; H, 9-6. C,,H,,0, requires C, 68-9; H, 9-5%), 
und has d?* 1-04947, n}* 1-47594, whence [R,]p 79-73 (calc., 
1961). During the esterification a considerable quantity of the 
ethyl hydrogen ester is obtained, and this gives the same acid as the 
lormal ester when submitted to the following treatment. 
2-Carboxy-trans-decahydronaphthalene-2-acetic acid (A) (X XVI), 
un. p. 197°. The ethy: ester was hydrolysed by a few minutes’ 
biling with 50% potassium hydroxide solution, and the acid 
mecipitated on acidifying the solution was extracted by ether. 
fhe extract was dried and the ether removed; the heavy viscous 
il obtained, which did not show any signs of crystallisation on 
anding for several days, was triturated with a mixture of dry ether 
md light petroleum (b. p. 40—60°), and after a few hours a soft, 
lourless, crystalline powder was obtained. This crystallised from 
Mueous acetone in colourless, lustrous needles (Found: C, 65-0; 
84; equiv., 120. C,,H,.0, requires C, 65-0; H, 8-4%; equiv., 
120), which sinter at 185° and melt at 197° with violent effervescence 
id formation of anhydride. The (A) acid is insoluble in petroleum, 
aringly soluble in chloroform and benzene, and moderately 


luble in ethyl acetate, and is recovered unchanged after boiling 
ith potassium hydroxide or hydrobromic acid for 3 hours. 

Anhydride (A) (XX VII). The acid (A) (1 g.) dissolved in acetic 
thydride (3 ¢.c.) was refluxed for 1 hour. The needles obtained on 
‘moval of the solvent crystallised from light petroleum (b. p. 60— 
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freezing mixture; it adds on bromine very slowly with gradual 
evolution of hydrogen bromide, and is soluble in an alcoholic 
solution of potassium cyanide. Oxidised with ice-cold potassium 
permanganate solution (1%), it gives trans-$-decalone, identified 
by means of its semicarbazone. 

Condensation of the Foregoing Ester with Ethyl Cyanoacetate—The 
unsaturated cyano-ester (12 g.), mixed with ethyl cyanoacetate 
(5-7 g.) and absolute ethyl alcohol (25 c.c.) saturated with ammonia, 
was kept for 2 days; the precipitated solid was isolated in the usual 
way (see p. 1961) and identified as the trans-dicyano-imide (V), 
m. p. 280° (10 g.). 

Methylation of Ethyl trans-Decahydro-8-naphthylidenecyanoacetate. 
—The deep red colour produced when the unsaturated cyano-ester 
(XVII) (20 g.) was added to a solution of sodium (1-9 g.) in ethyl 
alcohol (30 c.c.) quickly disappeared, and methy] iodide (20 g.) was 
then added to the pale yellow solution. The mixture having been 
heated at 90° for 45 minutes, the oil precipitated on addition of 
water was extracted with ether, washed, dried, and distilled after 
removal of the solvent. On redistillation, pure ethyl «-cyano-x- 
A?:34:2).trans-decahydronaphthalene-2-propionate (XVIII) boils at 
192°/17 mm. (Found: C, 73-4; H, 8-8. C,gH,,0,N requires C, 
73-6; H, 8-8%), and has dj** 1-03663, nif“ 1-49098, whence [R;]p 
72-97 (cale., 72-69). It adds on bromine rapidly in chloroform 
solution (but no solid bromide could be isolated) and is insoluble in 
a solution of potassium cyanide. 

A?: 30: 2).trans-Decahydronaphthalene-2-acetonitrile (X1IX).—The 
cyano-ester (X VII) (10 g.), mixed with a solution of sodium (1 g.) in 
methyl alcohol (40 c.c.), was refluxed for 1-5 hours, then diluted, 
and the unchanged ester extracted with ether. On acidifying the 
aqueous solution, the unsaturated cyano-acid,CyH,,>C:C(CN)-CO,H, 
was precipitated and extracted with ether. The residue obtained 
on removal of the dried ether could not be induced to crystallise, 
but solidified when cooled in ice. On distillation under reduced 
pressure it decomposed, and the portion of b. p. 150—170°/35 mm. 
was collected. After two distillations, the pure nitrile boiled at 
164°/26 mm. (Found : N, 8-1. C,,H,,N requires N, 8-0%). 

« - trans - Decahydronaphthylidene - 2 -propionitrite (XX).— The 
methylated ester (X VIII) (8 g.) was mixed with a solution of sodium 
in ethyl alcohol (20 c.c.) and kept at 35° for 4 hours. The oil 
precipitated on dilution was extracted with ether, washed with 
water, and dried, and the ether removed. The residue distilled at 
160—180°/39 mm. and no product of higher boiling point was 
found, thus indicating the complete removal of the carbethoxy- 
group under the experimental conditions. Pure «-trans-decahydro- 
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naphthylidene-2-propionitrile boils at 170—172°/18 mm. (Found : 
(, 81:7; H, 10-3; N, 7-2. C,,H,,N requires C, 82:5; H, 10-3; 
N, 74%), and has d?®* 0-9802, n§* 1-51245, whence [R,]p 57-9 
(cale., 57-19). 

2-Carboaxy-trans-decahydronaphthalene-2-acetic Acids (XXIV and 
XXVI).—Ethyl  «-cyano-trans-decahydronaphthylidene-2-acetate 
(42 g.) in 95% ethyl alcohol (200 c.c.) was mixed with potassium 
cyanide (25 g.) dissolved in water (53 c.c.); there was immediate 
evolution of heat and crystals soon separated. After 3 days, the 
alcohol was removed and the tarry residue of dicyano-ester (X XI) 
was cautiously mixed with 300 c.c. of 75% sulphuric acid and heated 
gently for 1 hour. A further 88 c.c. of water were added to the 
cooled solution, which was then boiled for 4 hours. Ether extracted 
the oil precipitated on diluting the solution, the acid constituent 
of the oil being isolated by extraction with dilute sodium carbonate 
solution and reprecipitation. The thick, heavy oil thus precipitated 
was extracted with ether, the solution dried, and the ether removed. 
The residue showed no tendency to crystallise on standing for several 
days, and was therefore esterified with ethyl alcohol and sulphuric 
aid in the usual way. The ethyl ester boils at 200°/18 mm. 
(Found: C, 68-7; H, 9-6. C,,H,,O0, requires C, 68-9; H, 9-5%), 
and has d?* 1-04947, n??* 1-47594, whence [R,]p 79-73 (calc., 
7961). During the esterification a considerable quantity of the 
ethyl hydrogen ester is obtained, and this gives the same acid as the 
normal ester when submitted to the following treatment. 

2-Carboxy-trans-decahydronaphthalene-2-acetic acid (A) (XXVI1), 
m. p. 197°. The ethyl ester was hydrolysed by a few minutes’ 
boiling with 50% potassium hydroxide solution, and the acid 
precipitated on acidifying the solution was extracted by ether. 
The extract was dried and the ether removed; the heavy viscous 
iil obtained, which did not show any signs of crystallisation on 
standing for several days, was triturated with a mixture of dry ether 
and light petroleum (b. p. 40—60°), and after a few hours a soft, 
colourless, crystalline powder was obtained. This crystallised from 
aqueous acetone in colourless, lustrous needles (Found: C, 65-0; 
H, 8-4; equiv., 120. C,;H,)0, requires C, 65-0; H, 8-4%; equiv., 
120), which sinter at 185° and melt at 197° with violent effervescence 
and formation of anhydride. The (A) acid is insoluble in petroleum, 
sparingly soluble in chloroform and benzene, and moderately 
soluble in ethyl acetate, and is recovered unchanged after boiling 
with potassium hydroxide or hydrobromic acid for 3 hours. 

Anhydride (A) (XX VII). The acid (A) (1 g.) dissolved in acetic 
anhydride (3 c.c.) was refluxed for 1 hour. The needles obtained on 
rmoval of the solvent crystallised from light petroleum (b. p. 60— 
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80°) in clusters of lustrous needles, m. p. 94° (Found : C, 70-2; H, 8-1, 
C,3H,,0, requires C, 70:3; H, 82%). The trans-anhydride (A) 
distils unchanged and shows no tendency to form the (B) isomeride, 
On treatment with a solution of sodium hydroxide or boiling with 
water for a long time, it is reconverted into the (A) acid, m. p. 197°, 

The anilic acid (A) is precipitated within a few minutes when the 
(A) anhydride and aniline are mixed in benzene solution; after 
crystallisation from aqueous acetone, it has m. p. 193° (sintering at 
180°) (Found: C, 72-7; H, 7-9. CyH,,0,N requires C, 72:3: 
H, 8-0%). The trans-anil (A), prepared by heating the anilic acid 
(A) at 200° for 15 minutes, crystallises from ethyl alcohol in colour. 
less needles, m. p. 166—167° (Found : C, 76-9; H, 7-6. C,)H,,0,N 
requires C, 76-8; H, 7-7%). 

The (A) trans-di-p-tolwidide crystallises from ethyl alcohol in soft, 
lustrous needles, m. p. 171° (Found: C, 77-0; H, 8-1. C,,H,,0,N, 
requires ©, 77-5; H, 8-2%). 

2-Carboxy-trans-decahydronaphthalene-2-acetic acid (B) (XXIV), 
m. p. 175°. The thick viscous residue, from which as much of the 
(A) acid as possible had been removed by repeated treatment with 
ether and light petroleum, was boiled with acetic anhydride (20 g.) 
and then distilled under reduced pressure. After the acetic 
anhydride had passed over completely, the trans-anhydride (B) 
distilled at 197—-220°/11 mm. It partly crystallised on standing 
for a few hours, and when purified by removal of the adhering oil 
by light petroleum (b. p. 40—60°) had m. p. 93°; recrystallisation 
from light petroleum gave lustrous rhombic plates, m. p. 98° [mixed 
m. p. with anhydride (A), 70°] (Found : C, 70-1; H, 8-3%). When 
the anhydride was decomposed with dilute potassium hydroxide 
solution it gave a crude acid of m. p. 170—173°. 2-Carboxy-trans- 
decahydronaphthalene-2-acetic acid (B) crystallises best from aqueous 
acetone, separating in stout needles and rectangular plates (di- 
morphous), m. p. 175° (sintering at 160°) [mixed m. p. with acid 
(A), 150—160°] (Found : C, 65-0; H, 85%; equiv., 119-2). 

The trans-anilie acid (B) separates from aqueous acetone in colour- 
less needles and rectangular plates, m. p. 198° (sintering at 193°) 
{mixed m. p. with the (A) anilic acid, 175—180°] (Found: C, 727; 
H, 8-0%). 

Imides of 2-Carboxy-trans-decahydronaphthalene-2-acetic Acids 
(A) and (B) (XXII and XXIII).—The dicyano-ester (X XI) (50 g.) 
was cautiously mixed with 60% sulphuric acid and boiled for 4 
hours. It was then cooled, diluted, and the precipitated oil thrice 
extracted with ether. The ethereal solution was extracted with 4 
dilute solution of sodium carbonate to remove any acid formed, and 
evaporated; a large quantity of a crystalline solid mixed with 8 
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little oil was obtained. The crystals were freed from the oil by 
washing with light petroleum (b. p. 40-—60°) and separated by 
fractional erystallisation from aqueous acetone into two imides, (1) 
the less soluble imide (A), m. p. 206—208°, and (2) the more soluble 
imide (B), m. p. 140—142°, which was obtained by diluting the 
mother-liquors. 

The trans-imide (A) (X XIII) was purified by two crystallisations 
from acetone, from which it separated in lustrous plates, m. p. 210° 
(Found : C, 70-9; H, 8-7. C,H, 0O,N requires C, 70-5; H, 8-7%); 
on hydrolysis with potassium hydroxide, it gave the (A) acid, m. p. 
197°. The trans-imide (B) (XXII) crystallises from benzene in 
lustrous needles, and from aqueous acetone in needles and plates, 
m. p. 145° (Found : C, 70-3; H, 8-7%). Both the (A) and the (B) 
imide are soluble in concentrated solutions of potassium hydroxide. 

trans-Amie Acid (B), CypH,,(CO,H)(CH,-CO-NH,)—A solution 
of the imide (B) in 25% potassium hydroxide was boiled for a few 
minutes, and then diluted and acidified. The crystalline solid 
precipitated was separated into acid and neutral portions by 
treatment with sodium carbonate. The amic acid crystallised 
from aqueous acetone in pearly plates, m. p. 217° (sintering at 210°) 
(Found : OC, 65-4; H, 8-6. C,,;H,,0O,N requires C, 65-3; H, 8-8%). 


cis-Series. 

cis-8-Decalone—The pure ketone prepared by the oxidation of 
cis-8-decalol, m. p. 105°, boils at 119°/16 mm. (semicarbazone, 
m. p. 185—186°) and has d}?* 1-00298, nif* 1-49366 (Hiickel records 
b. p. 128°/26 mm., d” 1-0038, n%" 1-49265; semicarbazone, m. p. 
182—183°). 

«-I mide of cis- Decahydronaphthalene-2 : 2-dicyanoacetic Acid (V).— 
_g8-8-Decalone (50 g.) was condensed with ethyl cyanoacetate and 
. Btthyl-aleoholic ammonia in the usual manner. After 2 weeks, 
there being no precipitate, the solution was diluted with water, and 
the unchanged ketone extracted with ether. The crimson solution 
vas then acidified with dilute hydrochloric acid; it became pale 
yellow, and the precipitated crystals were collected after 12 hours 
yield, 38 g.; 40%). Shorter periods of keeping gave somewhat 
‘power yields (283—32%). The cis-dicyano-imide separates from 
dilute ethyl alcohol in minute crystals, m. p. 242—243° (decomp.) 
(Found : C, 67-0; H, 68%). Hiickel and Wiebke (Ber., 1926, 59, 
2842) give m. p. 238—239°, but do not record yields. 

The w-imide of «a’-dicarbamyl-cis-decahydronaphthalene-2 : 2- 
diacetic acid (VI) when crystallised from glacial acetic acid has 
lu. p. 260—261° (decomp.) (Found : C, 55-3; H, 7-4. C,,H,,0,N3,1-5 

3CO,H requires C, 55-4; H, 7°1%). 
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cis-Decahydronaphthalene-2 : 2-diacetic Acid (VI1).—Hiickel and 
Wiebke found that sulphuric acid was not suitable for the hydrolysis 
of the above dicyano-imides, but the method by which they obtained 
the diacetic acids is ill adapted for the accumulation of the large 
quantities required for this investigation, and it was then found 
that the cis-dicyano-imide could be successfully hydrolysed with 
sulphuric acid under the same conditions as those employed in the 
case of the trans-isomeride. 

cis- Decahydronaphthalene-2 : 2-diacetic acid was obtained in 
62°% yield and then purified through the ester; it is very sparingly 
soluble in chloroform, benzene, and light petroleum, but quite 
soluble in acetone and in methyl and ethyl alcohol, and crystallises 
best from aqueous acetone; m. p. 167° (mixed m. p. with trans. 
acid, 167—169°) (Found: C, 66-3; H, 8-7%; equiv., 127). It is 
more soluble in ether than the trans-isomeride. It was not possible 
to separate a mixture of cis- and trans-acids into its components by 
any of the usual methods. 

Neutral solutions of the cis- and trans-acids give bluish-green 
precipitates with a solution of copper sulphate, and colourless 
precipitates with solutions of barium chloride, calcium chloride, 
lead acetate, and silver nitrate, all the precipitates being insoluble 
in boiling water. 

The two diacetic acids and (A) and (B) 2-carboxy-trans-deca- 
hydronaphthalene-2-acetic acids, when heated with resorcinol anda 
few drops of concentrated sulphuric acid for a short time, diluted, 
and made alkaline, give crimson-red solutions which display intense 
green fluorescence. 

Ethyl cis-decahydronaphthalene-2 : 2-diacetate (Found: C, 69-2; 
H, 9-6%) has the physical constants given on p. 1958. The imide 
crystallises from methyl alcohol in colourless needles (Found: 
C, 71-4; H, 9-2%), m. p. 205° (mixed m. p. with trans-isomeride, 
180—185°). 

The anhydride (IX) crystallises from benzene—light petroleum 
(b. p. 40—60°) in short, stout, colourless needles, which gradually 
change into thick plates massed together, and melts at 91° (Found: 
C, 70-8; H, 8-8%). 

Anilic acids. The mixture of anilic acids obtained by treating 
the anhydride with aniline in benzene solution was fractionally 
crystallised from aqueous acetone. 

(1) The more soluble, cis-anilic acid (B) (XII), after two 
crystallisations from benzene has m. p. 167° (sintering at 150’) 
(Found: C, 73-3; H;, 8-4%), and does not depress the m. p. of the 
trans-acid (B) (XV). 

(2) The less soluble, cis-anilic acid (A) (XI), on recrystallisation 
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from aqueous acetone, gives clusters of needles, m. p. 200° (sintering 
at 190°) (Found: C, 73-1; H, 8-4%); mixed with the trans-acid 
(A), it melts at 180—190°. When melted and maintained at 200° 
for a few minutes, it is converted into a mixture of (A) and (B) 
cis-acids. 

The same cis-anil (XIII) is formed from either of the cis-anilic 
acids and after three crystallisations from acetone melts at 210° 
(Found: C, 77-1; H, 7-9%). 

The cis-di-p-toluidide crystallises from ethyl alcohol in pearly 
plates (Found: C, 77-8; H, 8-6%), m. p. 204° (mixed m. p. with 
trans-isomeride, 180°). 

-Decalols—Solid §-decalols could not usually be obtained, 
and when available were often found to be mixtures, m. p. 70—95°. 
The liquids supplied by Deutsche Hydrierwerke were usually thick 
and viscous, and sometimes partly crystallised on standing for 
several weeks. On fractional distillation, varying quantities (some- 
times as much as 50%) of decalin, b. p. 80—120°/20 mm., were 
obtained before the decalol, b. p. 124—132°/18 mm. Neither the 
mixture of decalols nor that of the ketones obtained on oxidation 
could be separated into its components by the usual methods. The 
proportion of the cis- and trans-isomerides in the mixture varied, 
there being, however, always a preponderance of the latter. 

For the preparation of pure cis- and trans-decalin-2 : 2-diacetic 
acids from a mixture of $-decalones, advantage was taken of the 
difference in solubility of the ammonium salts of the two dicyano- 
imides in ethyl alcohol. For example, @-decalone (500 g.) was 
condensed with the requisite amounts of ethyl acetate and alcoholic 
ammonia; after a week, the precipitated solid, which was filtered 
off and purified in the usual way (see p. 1961), had m. p. 265—275° 
decomp.) and was found to be fairly pure trans-dicyano-imide 
(390 g.). The filtrate was kept for another 2 weeks, and the small 
quantity of precipitate (mixture of dicyano-imides, 12 g.) collected ; 
the dicyano-imide in the solution was isolated according to the 
method described in the case of the cis-compound (p. 1967) and found 
to be fairly pure cis-dicyano-imide, m. p. 230—235° (65 g.). The 
yields of the two dicyano-imides correspond approximately to 80% 
of trans- and 20% of cis-8-decalone in the original mixture. 


The author wishes to express his thanks to Professor J. F. Thorpe, 
C.B.E., F.R.S., for his kind interest in this investigation, and to the 
Chemical Society for a grant which has in part defrayed its cost. 
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CCLVII.—Derivatives of Tetrahydrocarbazole. Part 
VIII. Formation and Reactions of Nitric Acid 
Addition Products. 


By SypnNEyY GLENN Preston PLant and KENNETH HENRY 
RUTHERFORD. 


Some of the most interesting reactions of the derivatives of tetra- 
hydrocarbazole (I; R = H) are those which take place between 
the 9-acyl compounds and nitric acid (Perkin and Plant, J., 192?, 
123, 676; Manjunath and Plant, J., 1926, 2260; Plant and Rosser. 
J., 1928, 2454). In all these cases two products are formed : one 
is‘a simple nitro-derivative, but the formation of the other involves 
addition at the double linkage. When the substituent R is the 
acetyl, carbethoxyl, or phenylacetyl radical, this addition product 


H, 
Can “YH, 
e 13 10 3H, 


Nr i, 
(I) 


is of the type (II), but if R is the benzoyl group, the compound 
(III) results. This remarkable, and unexplained, difference between 
these substances has been found to extend, in general, to the acyl 
compounds of substituted tetrahydrocarbazoles (e.g., the 3-methyl- 
and 6-chloro-derivatives). With the single exception of ethyl 
6-chlorotetrahydrocarbazole-9-carboxylate, which gives a nitric 
acid addition product, the benzoylated compounds alone have given 
substances of the type (IIT). 

The present work was undertaken primarily in order (i) to discover 
how far the introduction of substituents into the benzoyl radical 
affects the reaction with nitric acid, and (ii) to investigate the 
relationship between the nitric acid addition products and those 
formed by the addition of two hydroxyl groups at the double bond. 
For this purpose the 9-o-, -m-, and -p-tolwoyltetrahydrocarbazoles 
(I; R=CO-C,H,Me) and the 9-0-, -m-, and -p-chlorobenzoyl- 
tetrahydrocarbazoles (I; R = CO-C,H,Cl) have been prepared by 
the action of the appropriate acid chloride on the Grignard reagent 
(I; R = MgBr), and the constitutions have been confirmed in each 
case by hydrolysis to tetrahydrocarbazole and the corresponding 
acid. All of these substances, on treatment with nitric acid in 
glacial acetic acid solution, yielded the corresponding 5-nitro- 
substitution product, but from only two of them could a second 
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derivative be isolated. These two, the 9-p-toluoyl- and 9-p-chloro- 
benzoyl-compounds, gave the nitric acid addition products (III; 
R = CO°C,H,Me, or CO-C,H,Cl), and so conformed to the general 
rule. The constitution of the nitro-compounds was confirmed in 
each case by hydrolysis to 5-nitrotetrahydrocarbazole. Previous 
experience has shown that the formation of the addition products 
is favoured by the use of fuming nitric acid, but even under these 
conditions they could not be isolated from the o- and m-substituted 
benzoyl derivatives. 

1, Although the reactions of nitric acid with many derivatives of 
'etrahydrocarbazole have now been investigated, no compound 
has so far been obtained in which both direct nitration and addition 
at the double linkage have occurred in the same molecule. It was 
considered of interest, therefore, to study the behaviour of 5-, 6-, 
7-, and 8-nitro-9-benzoyltetrahydrocarbazole towards nitric acid 
under similar conditions. The first of these compounds has been 
obtained by the action of nitric acid on (I; R = Bz) (Perkin and 
Plant, loc. cit.), and the 6- and 7-nitro-derivatives have now been 
prepared by the action of benzoyl chloride on the corresponding 
nitrotetrahydrocarbazoles in acetone solution in the presence of 
potassium hydroxide (compare Stevens. and Tucker, J., 1923, 123, 
2140), but nitric acid had no effect on these three substances in 
acetic acid solution. Attempts to benzoylate 8-nitrotetrahydro- 
carbazole have been unsuccessful. It has also been found that 
nitric acid does not react with (III; R.= Bz) in acetic acid. 

It has previously been noted (Plant and Rosser, loc. cit.) that 
ethyl 6-chloro-11-nitro-10-hydroxyhexahydrocarbazole-9-carboxyl- 
ate is changed by boiling alcohol, apparently to give the corre- 
sponding 6-chloro-10 : 11-dihydroxy-ester by replacement of the 
nitro- by the hydroxyl group. This reaction has now been more 
closely investigated with the aid of (III; R = Bz), which, on being 
boiled in alcoholic solution for 45 minutes, yielded (IV), the con- 
stitution of which was established by treating it with boiling, 
aqueous-alcoholic potassium hydroxide, whereby it was converted 
into 11-hydroxytetrahydrocarbazolenine, identical with the sub- 
stance obtained by similar treatment of (II; R = Ac) (Perkin 
and Plant, loc. cit.). The process of replacement of the nitro- by 
the hydroxyl-group is interesting, and results in the conversion of 
one of these two types of addition product into the other. It has 
previously been observed that (III; R = Bz) undergoes a remark- 
able change with boiling, aqueous-alcoholic potassium hydroxide 
luring which 8-0-benzamidobenzoylvaleric acid (VI) is produced, 
and it has been suggested (Perkin and Plant, loc. cit.) that this 
raction primarily involves the formation of (IV), which is then 
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oxidised, possibly by potassium nitrite, to (V), which could yield 
(VI) on hydrolysis. The isolation of (IV) during the course of the 
present work has now made it possible to test these suggestions. 


CH, 


CH. 
AS H, 
Bz Bz . 
2 


(IV.) (V.) (VI.) 


It has been found, however, that (IV) is unchanged by either 
potassium nitrite or potassium nitrate in boiling alcohol, and that, 
if potassium hydroxide is present in addition to one of these reagents, 
the product is 11-hydroxytetrahydrocarbazolenine. It is improb- 
able, therefore, that (IV) is an intermediate stage in the conversion 
under discussion. 

In view of the varied results so far obtained, it became of interest 
to study the effect of the cinnamoyl group upon the above addition 
reactions. Consequently, 9-cinnamoylietrahydrocarbazole (I; R= 
CHPh:CH-CO) was prepared by the action of cinnamoyl chloride 
on (I; R = H) in acetone in the presence of potassium hydroxide, 
and, on treatment with nitric acid in acetic acid, it yielded a mixture 
of 5-nitro-9-cinnamoyltetrahydrocarbazole and 9-cinnamoyl-10 : 11- 
dihydroxyhexahydrocarbazole. It thus behaves like the majority of 
9-acyltetrahydrocarbazole derivatives, and unlike the benzoyl 
compound. 

EXPERIMENTAL. 


9-0-Toluoyltetrahydrocarbazole—Tetrahydrocarbazole (12 g.) was 
added gradually to a solution of magnesium (2 g.) in ethyl bromide 
(9 g.) and dry ether (200 c.c.); ethane was evolved, and the 
reaction was completed by warming the mixture for a few minutes 
on the steam-bath. o0-Toluoyl chloride (14 g.) was then added, 
and, after a short time, the whole was boiled under reflux for 1 hour. 
After being shaken with ice and dilute hydrochloric acid, the ethereal 
solution was extracted with dilute aqueous ammonia to remove 
o-toluic acid, dried over calcium chloride, and the solvent removed. 
The residue was distilled under reduced pressure ; a little tetrahydro- 
carbazole came over first, and then 9-0-tolwoyltetrahydrocarbazole 
was collected as a pale brown oil, b. p. 260—270°/22 mm., which 
resisted all attempts at crystallisation (Found : N, 4-8. Cy 9H,ON 
requires N, 4:8%). When a solution of this product in aqueous- 
alcoholic potassium hydroxide was boiled for 4 hour and then 
diluted with water, tetrahydrocarbazole was precipitated; after 
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concentrating the filtrate and acidifying it with hydrochloric acid, 
o-toluic acid was obtained. 

Nitric acid (1-6 g., d 1-4), dissolved in a little acetic acid, was 
added to a solution of 9-0-toluoyltetrahydrocarbazole (4 g.) in glacial 
acetic acid (50 c.c.) at 60°. Since nothing separated from the solution 
on cooling, the whole was diluted with water, and the yellow product 
was crystallised from alcohol, from which 5-nitro-9-0-toluoyltetra- 
hydrocarbazole was isolated in yellow prisms, m. p. 154° (Found : 
N, 8:2. Cy H,,O,N, requires N, 8-4%). When the nitration was 
carried out in a smaller quantity of solvent, or with fuming acid 
(d 1-5), this nitro-derivative was again the only product isolated in 
a crystalline condition. When a solution of this nitro-compound 
in aqueous-alcoholic potassium hydroxide was boiled and subse- 
quently diluted with water, 5-nitrotetrahydrocarbazole was 
obtained, and after crystallisation from chloroform, proved to 
be identical with that previously described (Perkin and Plant, 
loc. cit.). 

9-m-T'oluoyltetrahydrocarbazole-—This substance, prepared as 
described for the ortho-derivative, was collected at 260—290°/12 
mm. a8 a pale brown oil, which could not be made to crystallise 
(Found: N, 5-0%). When this was dissolved in acetic acid (2 g. 
in 10 c.c.) at 60° and treated with nitric acid (0-8 g., d 1-4), 5-nitro-9- 
m-toluoyltetrahydrocarbazole separated, after standing for several 
days, further quantities being obtained by diluting the mother- 
liquor with water; this compound crystallised from alcohol in 
yellow prisms, m. p. 148°. 

9-p-Toluoyltetrahydrocarbazole.—This compound was collected at 
250—280°/12 mm. as a viscous, brown oil, which solidified on 
treatment with alcohol, from which solvent it separated in colourless 
needles, m. p. 126° (Found : N, 5-3%). When a solution in glacial 
acetic acid (4 g. in 50 c.c.) at 60° was treated with nitric acid (1-6 g., 
d 1-4), dissolved in a little acetic acid, 11-nitro-9-p-toluoyl-10-hydroxy- 
hexahydrocarbazole soon separated in colourless needles, m. p. 149° 
(decomp., with evolution of oxides of nitrogen) (Found: N, 7:8. 
Cy9H90,N, requires N, 7-9%). After collecting this substance and 
diluting the filtrate with water, a yellow product was precipitated, 
and this, after crystallising two or three times from alcohol, yielded 
5-nitro-9-p-toluoyltetrahydrocarbazole in yellow plates, m. p. 136° 
(Found : N, 83%). 

9-0-Chlorobenzoyltetrahydrocarbazole-—Prepared by a _ process 
analogous to that used for the 9-0-toluoyl derivative, this compound 
was obtained as a yellow oil, b. p. 260—270°/20 mm., which crystal- 
lised from alcohol in colourless prisms, m. p. 117°. When its solu- 
tion in acetic acid (5 g. in 75 c.c.) at 60° was treated with nitric acid 
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(2 g., d 1-4), 5-nitro-9-0-chlorobenzoyltetrahydrocarbazole rapidly 
separated, on cooling, in yellow prisms, which, after recrystallisation 
from alcohol, melted at 195°. A further quantity of the same 
substance was obtained by diluting the acetic acid solution with 
water and crystallising the product twice from alcohol. This 
same nitro-compound separated when an acetic acid solution of 
the 9-o-chlorobenzoyl derivative was treated with fuming nitric 
acid. 

9-m-Chlorobenzoyltetrahydrocarbazole-—Prepared as above, the 
product distilled at 250—280°/15 mm., and separated from alcohol 
in colourless prisms, m. p. 93°. Nitration under conditions similar 
to those described for the ortho-compound gave 5-nitro-9-m. 
chlorobenzoyltetrahydrocarbazole, which separated from alcohol in 
yellow prisms, m. p. 155°. 

9-p-Chlorobenzoyltetrahydrocarbazole-—This compound, prepared 
as above, was collected as a yellow oil, b. p. ca. 285°/18 mm., which, 
on crystallisation from alcohol, separated in colourless prisms, 
m. p. 106° (Found: N, 4:5. Cy H,,ONCI requires N, 4-5%,). 
When its solution in acetic acid (1 g, in 15 c.c.) at 50° was treated 
with nitric acid (0-4 g., d 1-4), 11-nttro-9-p-chlorobenzoyl-10-hydroxy- 
hexahydrocarbazole separated almost immediately, on stirring, in 
colourless needles, m. p. 153° (decomp:) (Found: N, 7-6. 
C,,H,,O;N,Cl requires N, 7-5%). When the acetic acid mother- 
liquor was diluted with water, a yellow product separated, and 
this, after crystallising twice from alcohol, yielded 5-nitro-9-p- 
chlorobenzoyltetrahydrocarbazole in yellow prisms, m. p. 148°. 

6- and 7-Nitro-9-benzoyltetrahydrocarbazoles—A solution of 
6-nitrotetrah ydrocarbazole (5 g., prepared by the direct nitration 
of tetrahydrocarbazole; Perkin and Plant, J., 1921, 4149, 1825) 
in acetone (25 c.c.), to which potassium hydroxide (7 g. in 66% 
aqueous solution) had been added, was treated gradually with 
benzoyl chloride (7 g.), the mixture being well shaken. After 
addition of water, the solid product was crystallised from alcohol, 
from which 6-nitro-9-benzoyltetrahydrocarbazole separated in long 
yellow prisms, m. p. 180° (Found: N, 8-7. C,,H,,0,N, requires 
N, 8:7%). 

7-N itro-9-benzoyltetrahydrocarbazole, prepared in a similar way 
from 7-nitrotetrahydrocarbazole (obtained from cyclohexanone- 
m-nitrophenylhydrazone; Borsche, Witte, and Bothe, Annalen, 
1908, 359, 68), separated from alcohol in yellow needles, m. p. 
138° (Found : N, 8-5%). 

9-Benzoyl-10 : 11-dihydroxyhexahydrocarbazole —A mixture of the 
addition product (III; R = Bz) (3 g.) and alcohol (25 c.c.) was 
boiled under reflux for 45 minutes, and the resulting solution was 
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concentrated ; on cooling, the 10 : 11-dihydroxy-derivative separated 
in colourless prisms, m. p. 142° (Found: N, 4-4. C,H O,N 
requires N, 45%). When a mixture of the latter substance (1 g.), 
potassium hydroxide (3 g.), aleohol (15 c.c.), and water (10 c.c.) 
was boiled under reflux for 4 hour, cooled, and diluted with water, 
a yellow solid separated. After crystallising from petroleum, 
ll-hydroxytetrahydrocarbazolenine was obtained in long, yellow 
prisms, m. p. 79°, and shown to be identical with the product 
described by Perkin and Plant (loc. cit.) by a mixed m. p. determin- 
ation, and by conversion into its colourless acetyl derivative (m. p. 
113°) with boiling acetic anhydride. 
9-Cinnamoyltetrahydrocarbazole—Cinnamoyl chloride (6 g., dis- 
solved in a little acetone) was added gradually to a solution of 
tetrahydrocarbazole (4 g.) in acetone (20 c.c.), to which potassium 
hydroxide (7 g. in 66% aqueous solution) had been added. The 
slid which separated on dilution with water was crystallised from 
alcohol, and 9-cinnamoyltetrahydrocarbazole was obtained in yellow 
prisms, 'm. p. 117° (Found : N, 4:3. C,,H,,ON requires N, 4:7%). 
This compound (2 g.) in glacial acetic acid (35 c.c.) at 70° was 
treated with nitric acid (0-8 g., d 1-4), and, on cooling, a mixture 
(0:85 g.) of solid products separated. When this was dissolved in 
hot alcohol (80 c.c.) and the solution left undisturbed, 5-nitro-9- 
cinnamoyltetrahydrocarbazole (0-15 g.) separated in yellow needles, 
m. p. 177° (Found: N, 7-8. C,,H,,0,N, requires N, 8-1%), and, 
after being filtered, the mother-liquor deposited 9-cinnamoyl- 
10: 11-dihydroxyhexahydrocarbazole (0-4 g.) in colourless prisms, 
m. p. 204° (Found: N, 4-2. C,,H,,0,N requires N, 4-2%). The 
constitution of the former product was confirmed by hydrolysis to 
j-nitrotetrahydrocarbazole and cinnamic acid. 


Tur Dyson Prerrins LABORATORY, 
OxFrorD. [Received, July 6th, 1929.] 





CCLVIII.—Stereoisomerism in Polycyclic Systems. 
Part VI. 


By Bertte Kennepy Biount, Wim11am Henry PERKIN, jun., 
and SypnryY GLENN PRESTON PLANT. 


Ix the earlier communications in this series (J., 1924, 125, 2437; 

1926, 488; 1927, 2676; 1928, 639, 2583), the possibilities of prepar- 

ing two stereoisomeric modifications of octahydroacridine (I; 

R=H), hexahydrocarbazole (II; R=H), 2:3:4:5:12:13- 
3x 
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hexahydro-$-quinindene * (III; R = H), 2:3:4:5: 11: 12-hexa. 
hydroheptindole (IV; R=H), and 5:7:8:9:10:11:14:]5. 
octahydroheptaquinoline (V; R =H) have been studied. Thefli 
existence of stereoisomerides in some of these cases is due to the 


(II.) (III.) 
H, H, H 


(IV.) hs H, (V.) 


cis- and trans-unions ‘2 two ring systems, and the a propor- 
tions of the stereoisomerides formed in any given instance during 
the reduction of the appropriate parent substance have been shown 
to be in accordance with deductions which can be drawn concerning 
the relative strain in the various configurations. It has been 
pointed out in these communications, however, that several factors 
must take part in determining the relative proportions of the two 


stereoisomerides in any given case, and, in order to obtain further 
light on some of the problems previously discussed, the investigations 
have now been extended to the reduction of other compounds 
closely related to those already studied. 

A surprising feature of the earlier work is the fact that the reduc- 
tion of tetrahydroacridone (VI) with sodium amalgam yields only 
one of the two modifications of octahydroacridine, whereas con- 
siderable quantities of both forms of the latter substance are readily 
produced by the reduction of tetrahydroacridine with tin and 
aqueous-alcoholic hydrochloric acid. It has also been observed 
that the reduction of 11-keto-5 : 7: 8:9: 10: 11-hexahydrohepta- 
quinoline (VII) leads to only one of the two possible forms of (V; 

* In the previous communications this compound has been called 
*“©2:3:4:5: 12: 13-hexahydroquinindene,” but the preparation of certain 
substances described in the present paper necessitated a small alteration in 
the nomenclature employed. The hypothetical parent substance (III) is 
now called ‘‘ 8-quinindene,” and the isomeric substance (IIIs) is called 
‘* a-quinindene.”’ 

CH, 


(IITa.) 12 (IIIs.) 
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. On account of the ease with which both modifications of 
Il; R = H) are obtained by reducing 2 : 3-dihydro-8-quinindene, 
it was considered of interest to investigate the action of sodium 
amalgam on 12-keto-2 : 3 : 5 : 12-tetrahydro-8-quinindene (VIII). 


co H, CO H, H, co H, 


NH H, NH H, A, NH 
(VI.) (VIL.) (VIII.) 


The preparation of this substance presented unexpected difficul- 
ties. 'Tetrahydroacridone is formed easily by condensing anthranilic 
acid with cyclohexanone (Tiedtke, Ber., 1909, 42, 624), and, since 
this reaction can be applied without difficulty to the preparation 
of (VIL) by the use of suberone, it was thought that the interaction 
of anthranilic acid and cyclopentanone would yield (VIII).. This 
has not been accomplished, but there has been isolated from the 
raction mixture a small quantity of a substance which melts at 
212° and appears to have the formula C,,H,,0,N, but its nature 
has not yet been established. It was found, however, that aniline 
and ethyl cyclopentanone-2-carboxylate reacted slowly at room 
temperature to give ethyl 1-anilino-A1‘?-cyclopentene-2-carboxylate 
(IX), and that this, on being heated for a short time at 260°, yielded 
he required substance (VIII). In order to confirm the view that 
under these conditions the reaction between aniline and ethyl 

\ da 
H, H, 
EXOC CH, 


‘o Ne \ 
eye: 3 OME o aa ; 
Os Yer 
(X.) 


(IX.) (XI.) 


cylopentanone-2-carboxylate takes the course indicated, which is 
in accordance with general experience during the preparation of 
quinoline derivatives from $-ketonic esters, the interaction of aniline 
and ethyl cyclohexanone-2-carboxylate under similar conditions was 
investigated. It was found that ethyl 1-anilino-A1‘*-cyclohexene- 
2.carboxylate (m. p. 58°5°) was first formed and that this then 
yielded tetrahydroacridone, identical with the product prepared 
by Tiedtke’s method. The reaction between aniline and ethyl 
cyclohexanone-2-carboxylate has been studied by K6tz and Merkel 
WJ. pr. Chem., 1909, 79, 122), who claim to have prepared ethyl 
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1-anilino-A?: 2_cyclohexene-2-carboxylate (the m. p. of which they 
state to be 29°) by heating a mixture of the two reagents and keep. 
ing the product for several days. We have now found that, by 
boiling a mixture of these two substances for 2 minutes, cyclo. 
hexanone-2-carboxyanilide (m. p. 105°) (X) is produced, and that this, 
on treatment with concentrated sulphuric acid on the steam-bath, 


passes into 9-keto-5 :6:7:8:9:10-hexahydrophenanthridine (X1).§: 


It appears possible, therefore, that the product of Kétz and Merkel 


H,C-—CH, 
co H, G ms 
(XII.) H (XIII.) 
| CO 
Na NH 


was not a single substance. The failure of Tiedtke’s reaction in the 
case of cyclopentanone was surprising, and, in order to discover 
whether this is characteristic of cyclic ketones with a 5-membered 
ring, the reaction was applied to «-hydrindone, but it then proceeded 
normally with the production of 14-keto-7 : 14-dihydrobenz- 
B-quinindene (XII). 

The reduction of (VIII) in alcoholic solution with sodium amalgam 
yielded an oily, basic product, from which, after benzoylation, both 
5-benzoyl-2 : 3: 4:5: 12: 13-hexahydro-$-quinindene (A) and (B) 
were isolated. The two products were identical in every way with 
the two modifications (m. p.’s 174° and 161°) described in Part IV 
of this series. It was found, however, that the (B) modification 
greatly preponderated in the reaction mixture, and it is estimated 
that the ratio of the amounts of the (A) and (B) forms present is 
approximately 1 : 15, whereas the ratio in the product of the reduc. 
tion of 2: 3-dihydro-6-quinindene was 1:3. Thus, whilst the 
reduction of this keto-compound (VIII) does actually give both 
stereoisomerides, the product consists very largely of that modi- 
fication which is most readily produced by the alternative method. 
This fact is interesting, because the single modification (A) of octa- 
hydroacridine which is obtained from tetrahydroacridone is the one 
which is formed to far the smaller extent during the reduction of 
tetrahydroacridine (Part V). Since it was thought that. the latter 
observation might possibly be explained by the conversion of 
octahydroacridine (B) into its stereoisomeride under the conditions 
used for reducing tetrahydroacridone, octahydroacridine (B) was 
submitted to the action of sodium amalgam in boiling alcohol, but 
was recovered completely unchanged. 
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The results so far obtained indicated that it would be interesting 
to extend these investigations to related compounds in the «-quinin- 
dene series, in which the cyclopentane ring is attached to the 3 : 4- in 
place of the 2:3-position in the quinoline nucleus. For this 
purpose cyclopentanone-2-carboxyanilide (XIII), obtained by boiling 
a mixture of aniline and ethyl cyclopentanone-2-carboxylate for 
2 minutes, was converted by the action of concentrated sulphuric 
acid into 5-keto-2: 3:5: 6-tetrahydro-«-quinindene (XIV). On 
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treating this compound with sodium amalgam in boiling alcohol 
bered i under the conditions previously used, it was found that the process 
peded of reduction resulted only in hydrogenation of the double bond in 
enz0-@ the 4 : 13-position, and that the reaction did not in this case lead to 
the fully reduced tetrahydroquinoline derivative. It is possible, 

lgam@ however, for the resulting 5-keto-2:3:4:5:6: 13-hexahydro- 
both ff x-quinindene (XV) to appear in two stereoisomeric modifications 
1 (B)B through the cis- and trans-addition of the hydrogen atoms. A 
with § careful examination of the product of the reaction has indicated 
't IVE quite definitely the presence of both of these stereoisomerides. 
ation i In accordance with the procedure previously adopted, the higher- 
ated # melting form (m. p. 210—211°) is called (A) and the lower-melting 
nt isi (m. p. 135-5°) (B).. The reaction product has been found to consist 
oduc-@ very largely of the (B) modification, only a small quantity of the 
thell (A) being present. It was then thought that further reduction of 
both this mixture of the two stereoisomeric forms of (XV) with sodium 
nodi-H and boiling alcohol would lead to the two corresponding 
hod. 2:3:4:5:6:13-hexahydro-«-quinindenes (XVI; R=H). It 
octa- Hf was found, however, that, although reduction proceeded to the 
) one # desired stage, the product consisted essentially of a single base. 
n off Since this possessed a low melting point, the reaction product was 
ter | benzoylated, but careful investigation indicated the presence of only 
n off one of the two possible modifications of 6-benzoyl-2 : 3: 4:5: 6: 13- 
1ons | hexahydro-«-quinindene. An explanation of the interesting fact that 
was the reduction of a mixture of both forms of (XV) has given rise to 
but f only one form of (XVI) can be found if the reduction is assumed to 
take the following course : 
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The formation of (XVIII) by the elimination of water from (XVII) 
makes it possible for a single product to result during this reduction 
process, but the formation of two stereoisomeric modifications of 
(XVI) is still theoretically possible. 

It now became of interest to study the reduction of 2 : 3-dihydro. 
«-quinindene (XIX), and, with this end in view, 2-phenylimino- 
methylcyclopentan-1l-one (XX) was obtained from the condensation 
of aniline and 2-hydroxymethylenecyclopentanone, a reaction 
similar to that employed by Borsche (Annalen, 1910, 377, 82) for 


oe Oe ee x 


seb: ) (XX.) =% ) 


the preparation of 2-phenyliminomethyleyclohexanone. Attempts 
to remove water from this substance with the formation of (XIX) 
have, however, been unsuccessful. The action of concentrated 
sulphuric acid, both at 100° and at 15°, led to a sulphonic acid which 
is probably 2-phenyliminomethyleyclopentanone-4'-sulphonic acid 
(XX1), in view of the fact that Borsche obtained the corresponding 
sulphonic acid from the cyclohexanone derivative, and established 
its constitution. 

During the course of the present work, it became apparent that 
a study of the colour reactions of many of the derivatives described 
in this and the previous communications would be of interest and 
might have a direct bearing on the problem of the constitution of 
strychnine and brucine. The results obtained by examining the 
colour developed when a solution of a small quantity of the substance 
in 65% sulphuric acid at 0° was treated with a drop of concentrated 
aqueous potassium dichromate have been very instructive. The 
substances examined fell into three classes depending respectively 
upon (i) the development of an intense crimson colour which did not 
fade for at least one minute, (ii) the development of an intense, but 
rather transient, blue or violet-blue colour, or (iii) the appearance 
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of no intense colour. For convenience the members of each class 
are denoted in the following table :— 


(i) Crimson colour. 

Both cis- and trans-modific- 
ations of 5-acetyl- and 5- 
benzoyl-2 :3:4:5:12: 13- 
hexahydro - 8 - quinindene 
(III; R = Ac or Bz). 

Both cis- and trans-modific- 
ations of 10-acetyl- and 10- 
benzoyl - octahydroacridine 
(I; R = Ac or Bz). 

5-Benzoyl- 
5:7:8:9:10:11:14: 15- 
octahydroheptaquinoline 
(Vv; = Bz). 

1-Benzoyl-1:2:3: 4-tetra- 
hydroquinoline. 


(ii) Blue colour. 

Both cis- and trans-modific- 
ations of 9-acetyl- and 9- 
benzoyl - hexahydrocarb - 
azole (II; R = Ac or Bz). 


10- -Acetyl- and 10-benzoyl- 
:4:5:11:12-hexa- 
Esdroheptindole (div; R= 
Ac or Bz). 
8-Acetyl- and 8-benzoyl-tetra- 
hydropentindole (Plant and 
Rippon, J., 1928, 1906). 


1-Benzoyl-2-methyl-2 : 3-di- 
hydroindole (Bamberger 


(iii) No intense colour. 
7 3- Wrens ~ 


Hexa- 
hydro-8- quinindene (A) 
(IIT; = H). 


12-Keto-2:3:5:12-tetra- 
hydro-8-quinindene (VIII). 
Tetrahydrocarbazo!le. 


Both cis- and trans- hexa- 
mana (II; 


Both cis- and _trans-octa- 
hydroacridine (I; R = H). 


Tetrahydropentindole. 
Fara | gueiamna (VI). 


Benzanilide. 

B-Phenylpropanilide. 
N-Ethylbenzanilide. 

Benzo-o-toluidide. 


and Sternitzki, Ber., 1893, 
26, 1303). 


An examination of the formule of the members of each of these 
three groups brought to light a very interesting generalisation. It 
will be seen that all the members of group (i) contain the N-acyl- 
tetrahydroquinoline structure, whilst those in class (ii) contain the 
N-acyldihydroindole structure. It is, of course, possible at first 
sight that the colour reactions of classes (i) and (ii) may be due to 
the presence of the more general groupings (XXII) and (XXIII) 
respectively, but this can be tested, since, if it is the case, an N-acyl- 
tetrahydroquinoline substituted in the 3- and 4-positions (XXIV) 


CH, CH, 
CH—CH- 
N—CO- 


(X XIII.) 


CH AL 


CH,-CH-CH- 
N-CO- 


(XXII.) 


should give the colour reactions of group (ii), but, if the N-acyl- 
dihydroindole skeleton is the determining factor in the latter group, 
it should give the reaction of group (i). 6-Benzoyl-2 :3:4:5:6: 13- 
hexahydro-«-quinindene (XVI; R= Bz), prepared during the 
course of the present work, provides the means of deciding this point, 
and the alternative possibilities were eliminated when it was found 
that this substance was a typical member of group (i). Now 
strychnine under these conditions develops a blue colour which fades 
during about 30 seconds, and, in consequence, should be included in 
group (ii), and should contain an N-acyldihydroindole skeleton. 
Recently the original strychnine formula (XXV) of Perkin and 
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Robinson (J., 1910, 97, 305) has been abandoned in favour of 
(XXVI) (Fawcett, Perkin, and Robinson, J., 1928, 3082; Perkin 
and Robinson, this vol., p. 964), and it is interesting to note that the 


CH 


(XXVI.) C 


latter formula contains the N-acyldihydroindole structure, but that 
it was absent from the earlier formula. 


EXPERIMENTAL. 


12-Keto-2 : 3; 5 : 12-tetrahydro-8-quinindene—When a mixture of 
ethyl cyclopentanone-2-carboxylate (52 g., prepared by the method 
of Dobson, Ferns, and Perkin, J., 1909, 95, 2015) and aniline (31 g,) 
was kept over calcium chloride in an evacuated desiccator for a 


fortnight, ethyl] 1-anilino-A1‘ ?-cyclopentene-2-carboxylate remained 
as a pale brown oil, which resisted all attempts to make it solidify. 
When it was heated rapidly to 260° and kept at that temperature for 
5 minutes, 12-keto-2 : 3:5 : 12-tetrahydro-8-quinindene (VIII) was 
formed as a solid; this was purified by treatment for 4 hour with 
boiling benzene (500 c.c.), in which it is only very slightly soluble. 
After being filtered from the hot benzene, it was obtained as a 
colourless powder (23 g.), m. p. 325° (with previous blackening). 
It separated from alcohol in rectangular plates, m. p. 327° (with 
previous blackening) (Found : N,7°8. C,.H,,ON requires N, 7-6%). 
A solution of this compound (5 g.) in alcohol (300 c.c.), to which a 
little sodium bicarbonate had been added, was treated at its boiling 
point with sodium amalgam (375 g. of 4%) in portions during 6 hours, 
the: whole being vigorously stirred and a stream of carbon dioxide 
being passed throughout. The resulting pasty mass was filtered, 
and the residue was well washed with alcohol. The united alcoholic 
solutions were evaporated, the product was shaken with a mixture 
of ether and water, and the ethereal solution was then extracted with 
very dilute hydrochloric acid. The bases were liberated from the 
acid solution by the addition of alkali, and again extracted with 
ether; after drying with potassium carbonate and removal of the 
solvent, they were obtained as a thick, dark brown oil (4.g.).. After 
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being shaken with an excess of benzoyl chloride and dilute aqueous 
sodium hydroxide, the product was dissolved in ether, the solution 
shaken with dilute hydrochloric acid, the ether removed, and the 
residue boiled with alcohol for 4 hour. The mixture was then 
steam-distilled to remove the alcohol and ethyl benzoate, after 
which the benzoylated product remained as a brown solid (2:5 g., 
m. p. 120—138°). This was purified by boiling its solution in 
alcohol with charcoal, filtering, and distilling off the alcohol; 
crystallisation from the minimum quantity of alcohol then yielded 
a mixture (1-55 g., m. p. 138—152°) of the two stereoisomeric 
j-benzoyl-2 :3:4:5: 12: 13-hexahydro-8-quinindenes (A) and (B) 
in a practically pure condition. When this mixture was recrystal- 
lised from acetone the (B) form (1 g., m. p. 158—159°) was obtained. 
Evaporation of the acetone filtrate and subsequent recrystallisation 
of the residue from alcohol yielded at first a further quantity of the 
same substance, mixed with a little of its stereoisomeride, but, after 
the solution had been filtered and kept for several hours, the (A) 
modification (0-05 g.) separated in a moderately pure condition 
(m. p. 159—162°): it was obtained pure (m. p. 173°) by recrystal- 
lisation from alcohol. .The identities of these two benzoyl deriv- 
atives were definitely established by determining the m. p.’s. of 
mixtures with the products previously prepared (J., 1928, 643). 
14-Keto-7 : 14-dihydrobenzo-6-quinindene.—A mixture of anthr- 
anilic acid (1 g.) and «-hydrindone (1 g.) was heated in an oil-bath 
so that the temperature gradually attained 210° during the course 
of $ hour. After 15 minutes at this temperature the mixture 
became semi-solid, and the product was then purified by treatment 
with a considerable quantity of boiling benzene, in which it was 
insoluble. On crystallisation from cyclohexanone, 14-keto-7 : 14-di- 
hydrobenzo-B-quinindene was obtained in small, brown prisms, 
m. p. above 360° (Found: N, 5-9. C,gH,,ON requires N, 6-0%). 
5-Keto-2 : 3:5 : 6-tetrahydro-a-quinindene (XIV).—When a mix- 
ture of ethyl cyclopentanone-2-carboxylate (13 g.) and aniline 
(7-75 g.) was boiled under reflux for 2 minutes, cooled, and kept 
for 24 hours, a solid product separated. This was collected, washed 
with petroleum, and then crystallised from this solvent; cyclo- 
pentanone-2-carboxyanilide was thus obtained in colourless needles, 
m. p. 104° (Found: N, 6-8. C,,H,,0,N requires N, 69%). For 
the preparation of 5-keto-2:3:5 : 6-tetrahydro-«-quinindene the 
crude mixture, after heating and cooling, was added slowly, with 
cooling, to concentrated sulphuric acid (25 c.c.), and the whole was 
heated on the steam-bath for 15 minutes, and then poured into 
a large bulk of water; the product separated as a solid, which 
was subsequently obtained from 70% acetic acid in long, thin, 
3x2 
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colourless plates, m. p. 256° (Found: N, 7-6. C,.H,,ON requires 
N, 7-6%). 

The 5-Keto-2:3:4:5:6: 13-hexahydro-«-quinindenes.—The fore. 
going compound (XIV) (5 g.) was reduced under exactly the same 
conditions as those described for its 8-quinindene analogue. The 
filtered, alcoholic solution of the reduction product was evaporated 
almost to dryness, and benzene (150 c.c.) was added. By distilling 
off a portion of the benzene, traces of alcohol and water were 
removed, and the remaining solution was then filtered from a smal] 
quantity of suspended material. After further concentration of the 
benzene solution, the mixture of reduction products (3-28 g., m. p. 
121—132°) separated gradually, on standing, as a colourless solid. 
A further quantity (0-67 g., m. p. 119—143°) was obtained from the 
benzene mother-liquors by concentrating them, collecting the 
product, and washing it with a little petroleum. By repeated 
crystallisation of this mixture from either benzene or alcohol, a 
product rich in the lower-melting stereoisomeride was obtained. By 
dissolving this in alcohol and allowing the solution to evaporate 
slowly at the ordinary temperature, 5-keto-2:3:4:5:6: 13-hem- 
hydro-«-quinindene (B) was obtained-in large, thin, hexagonal plates, 
m. p. 135-5° (Found : C, 77-0; H, 6-9. C,,.H,,ON requires C, 77-0; 
H, 69%). The remaining mixture (Found, by microanalysis: 
C, 76-4; H, 7-0%), from which a relatively considerable amount of 
this stereoisomeride had been removed, and which melted at 122— 
174°, was crystallised from ether, whereby a very small amount of 
5-keto-2 :3:4:5:6: 13-hexahydro-a-quinindene (A) was obtained 
in a pure condition as compact prisms, m. p. 210—211° (Found: 
C, 76-9; H, 7:0%). When the mixture was allowed to crystallise 
slowly from alcohol, the presence of the two types of crystal was 
very clearly seen. 

2:3:4:5:6:13 - Hexahydro - «- quinindene.—The tetrahydro- 
compound (XIV) (10 g.) was reduced with sodium amalgam as 
already described, and the solvent was removed completely from 
the benzene solution of the mixture of the two forms of the hexa- 
hydro-compound (XV). The crude product (10 g.) was dissolved 
in boiling absolute alcohol (50 c.c.), and sodium (20 g.) was added 
gradually in small pieces, a further quantity (150 c.c.) of absolute 
alcohol being added in portions from time to time. The resulting 
mixture was acidified by addition of water (100 c.c.) and concen- 
trated hydrochloric acid (110 c.c.), and then.a considerable amount 
(250 c.c.) of it was removed by distillation. When the remainder 
was made alkaline and steam-distilled, the oily product appeared 
in the aqueous distillate. The residual liquid was examined, but 
yielded no appreciable quantity of organic material. After the 
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product had been extracted with ether from the steam distillate, 
dried over potassium carbonate, and the ether removed, the residue 
(7-6 g.), which solidified on cooling, was benzoylated by shaking 
vith benzoyl chloride (7-5 g.) and an excess of dilute aqueous sodium 
hydroxide. The product was dissolved in ether, and the solution 
extracted with dilute hydrochloric acid. This aqueous extract, 
when made alkaline, yielded only a very small quantity of an 
amorphous substance, from which nothing definite could be isolated. 
The ethereal solution was dried and evaporated, and, after treatment 
of the residue with boiling alcohol, and subsequent removal of the 
alcohol and ethyl benzoate in steam, the product remained as a gum 
from which the aqueous liquid was decanted. On adding a few drops 
of ether, 6-benzoyl-2:3:4:5:6: 13-hexahydro-«-quinindene was 
isolated as an almost colourless solid (11-6 g., m. p. 85—95°); when 
recrystallised from methyl alcohol, it separated in colourless, 
rhombic plates, m. p. 94:5—95° (Found: C, 82:2; H, 68. 
(,gH,gON requires C, 82-3; H, 68%). By evaporation of the 
mother-liquor, further amounts of the same substance were isolated, 
and a careful examination of the product yielded ultimately 11-3 g. 
of this benzoyl derivative in a pure condition, making it quite clear 
that no appreciable quantity of a second stereoisomeride was present. 

A mixture of 6-benzoyl-2 : 3: 4: 5:6: 13-hexahydro-«-quinindene 
(5 g.), potassium hydroxide (20 g.), water (40 c.c.), and alcohol 
(60 c.c.) was boiled under reflux for 20 hours, the alcohol was distilled 
off, and the residue shaken with ether and water. The ethereal 
solution was extracted with dilute hydrochloric acid, the aqueous 
extract boiled for a few minutes, then cooled, filtered, and made 
alkaline by the addition of ammonia. The solid base (2-95 g.) which 
separated was collected after being kept at 0° over-night, and 
crystallised from light petroleum, from which 2:3:4:5:6:13- 
hevahydro-«-quinindene separated in long, colourless needles, m. p. 
425° (Found: C, 83-4; H, 9-0. C,.H,;N requires C, 83-2; H, 
87%). 

After equal amounts of the base and phenylcarbimide had been 
warmed together for a minute at about 70°, and the product crystal- 
lised from aqueous alcohol, 6-phenylearbamyl-2 :3:4:5:6: 13- 
hexahydro-a-quinindene was obtained in long, colourless prisms, 
m. p. 99° (Found: N, 9-5. Cy, gH,,ON, requires N, 96%). The 
picrate of (XVI; R = H) separated from alcohol in yellow needles, 
m. p. 168°. 

2-Phenyliminomethylcyclopentanone.—When aniline (2-5 g.), dis- 
solved in alcohol (5 c.c.), was added to a solution of 2-hydroxy- 
methylenecyclopentanone (3 g., prepared by the method of Wallach 
and Steindorff, Annalen, 1903, 329, 114) in alcohol (20 c.c.), the 
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mixture became warm, and a solid began to separate. After 
standing for 2 hours, 2-phenyliminomethylcyclopentanone (XX) was 
obtained in yellow needles (3-6 g.), m. p. 174°. A mixture of this 
compound (1 g.) and concentrated sulphuric acid (3 c.c.) was heated 
on the steam-bath for 2 hours and then poured into water (50 c.c.), 
After 12 hours, the solid product was collected and dissolved in hot 
aqueous ammonia. On filtering and cooling, the ammonium salt of 
2-phenyliminomethylcyclopentanone-4'-sulphonic acid separated in 
colourless, transparent prisms. | The free acid, isolated by dissoly. 
ing the salt in a little hot water, acidifying the solution, and allowing 
it to cool, separated in pale yellow needles (Found: §S, 11-7, 
Cy.H,,;0,NS requires 8, 12-0%). 

Ethyl 1-Anilino-A1 ‘ ?-cyclohexene-2-carboxylate——When a mixture 
of ethyl cyclohexanone-2-carboxylate (4:2 g., prepared by the 
method of Kétz and Michels, Annalen, 1906, 350, 210; 1908, 358, 
198) and aniline (2:3 g.) was kept over calcium chloride in an 
evacuated desiccator for a fortnight, the mixture solidified, and, 
after being pressed on porous porcelain and subsequently crystallised 
from methyl alcohol, ethyl 1-anilino-A1*?-cyclohexene-2-carboxylate 
was obtained in good yield as colourless prisms, m. p. 58-5° (Found : 
N, 5:7. C,;H,9O,N requires N, 5-7%). 

When the crude ester was rapidly heated to 265° and maintained 
at that temperature for a minute, the product solidified, and, after 
treatment with boiling benzene, tetrahydroacridone, identical in 
every way with a specimen prepared by the method of Tiedtke 
(loc. cit.), remained. 

9-Keto-5 :6:7:8:9: 10-hexahydrophenanthridine.—When a mix- 
ture of ethyl cyclohexanone-2-carboxylate (4-2 g.) and aniline (2-3 g.) 
was boiled under reflux for 2 minutes, cooled, and kept for 6 hours, 
it partly solidified. The solid was washed with petroleum, and, 
after crystallising first from aqueous alcohol and then from benzene- 
petroleum, cyclohexanone-2-carbozyanilide was isolated in short, 
colourless prisms, m. p. 105—105-5° (Found: N, 6-3. C,,;H,;0.N 
requires N, 6-4%). When the crude product obtained by boiling 
the mixture of ethyl cyclohexanone-2-carboxylate and aniline for 
2 minutes was poured slowly into concentrated sulphuric acid 
(7 c.c.), the whole heated for 15 minutes on the steam-bath, and then 
poured into water, 9-keto-5 : 6: 7:8: 9 : 10-hexahydrophenanthridine 
separated. After crystallisation from 70% acetic acid, it was 
obtained in colourless plates, m. p. 267—268° (Found: N, 7:0. 
C,3H,,0N requires N, 7-0%). 
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(CLIX.—The Mechanism of the Degradation of Fatty 
Acids by Mould Fung. Part Ill. 


By Howarp BRAITHWAITE STENT, VIRA SUBRAMANIAM, and 
THomas KENNEDY WALKER. 


Iv Part II of this series (J., 1928, 1422) it was shown that the 
cultivation of Aspergillus niger on calcium n-butyrate results in 
j.oxidation of the latter and production of acetone. We have now 
examined cultures of the mould on calcium n-butyrate for the 
presence of non-volatile products, and have obtained small yields of 
succinic acid. The latter may arise either (i) by oxidation of the 
butyric acid at the y-carbon atom, or (ii) by oxidation at the B-carbon 
atom with ultimate formation of acetic acid, followed by dehydrogen- 
ation of the latter according to the Thunberg—Wieland hypothesis. 
The experiments of Raper (Biochem. J., 1914, 8, 320), Cahen and 
Hurtley (ibid., 1917, 11, 164), and Clutterbuck and Raper (7bid., 
1925, 19, 385, 911; 1926, 20, 59) on the oxidation of fatty acids by 
hydrogen peroxide support mechanism (i), but (ii) receives support 
from the work of Moritz and Wolffenstein (Ber., 1899, 32, 2534), 
of Kiihnau (Biochem. Z., 1928, 200, 29), and of Wishart (Biochem. J., 
1923, 17, 103). The last found that acetic acid yields hydrogen to 
nethylene-blue in the presence of liver tissue. Moreover, Takahashi 
and Asai (Bull. Agric. Chem. Soc. Japan, 1928, 113) and Butkewitsch 
and Fedoroff (Biochem. Z., 1929, 207, 302) have shown that 
Rhizopus species produce succinic acid when placed in media con- 
taining salts of acetic acid as sole source of carbon. It may be 
pointed out that it is not essential to assume the presence of a true 
dehydrogenating enzyme in A. niger in order to account for the 
lehydrogenation of acetic acid to succinic acid, since Knoop and 
Gehrke (Z. physiol. Chem., 1925, 146, 63) obtained succinic acid in 
mall yield by treatment of acetone with hydrogen peroxide at 37°. 
We consider that the only plausible explanation of the latter con- 
version is that shown by the scheme 


H,-CO-CH, —> CH,‘CO-CO,H + 2CH,-CO,H —> 
CH,‘CH(OH):CO,H + CO,H-CH,CH,CO,H 
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and the result indicates that under certain conditions hydrogen 
peroxide can function as a dehydrase system. Since we have 
shown that the mould produces acetone from calcium butyrate by 
what is evidently a peroxide oxidation, the necessary conditions 
are present for the formation of succinic acid according to Knoop 
and Gehrke’s process; and such a method of formation seems as 
probable as that postulated under (i) above. 

The mould grew rapidly when introduced into a solution of 
succinic acid half neutralised with calcium carbonate, but no 
products of degradation could be detected. When, however, the 
normal calcium salt was employed it was possible to detect the 
presence of malic acid in the media, usually on the 12th to the 15th 
day after inoculation. At these times such cultures were proved to 
possess slight levorotatory properties. In subsequent experiments 
the malic acid was isolated, and in every case it was found to consist 
of a mixture of the dl- and the /-form. It was established by a 
control experiment that /-malic acid is not racemised by the treat- 
ment adopted for the extraction of the malic acid from the culture 
solutions; hence the di-malic acid produced in our media had not 
arisen by purely chemical treatment of preformed [-malic acid. 
Neither have we found any evidence that under enzymic influence 
racemisation of either the d- or the /-acid occurs. Consequently, 
it is to be inferred that the dl-malic acid owed its formation to the 
direct hydroxylation of succinic acid, a process which presumably 
could be effected by an aerobic oxydase system. 

It remained to account for the formation of the /-malic acid in the 
calcium succinate cultures, and this could be brought about either 
(a) from dl-malic acid owing to more rapid utilisation by the mould 
of the d-form than of the /-form, or (6) by asymmetric addition of 
water to fumaric acid produced by dehydrogenation of succinic acid. 
The observation of McKenzie and Harden (J., 1903, 83, 424) that 
strain of A. niger used by them decomposed d-malic acid moré 
rapidly than the J-isomeride when grown on the inactive acid 
appeared to support view (a); it was found, however, that the strai 
employed in our work behaved in the reverse manner, for the medi 
developed dextrorotatory properties when the mould was cultivate 
on the racemic acid. In order to obtain further data on this point, 
a different strain of A. niger, kindly supplied by Dr. C. Neuberg of 
Berlin-Dahlem, was then employed, and this exhibited a somewhat 
stronger preference for the /-isomeride than did the original strain. 
Such a marked difference in the behaviour of mould fungi species i 
not unusual, however, since McKenzie and Harden (loc. cit.) noted 
the preferential utilisation of the J-isomeride when A. griseus was 
cultivated on di-malic acid. 
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In two of the experiments on the action of A. niger on dil-malic 
acid the formation of fumaric acid was noted. This was isolated and 
characterised. Challenger and Klein (this vol., p. 1644) have shown 
recently that the strain of A. niger used by us affords excellent yields 
exclusively of J-malic acid when cultivated on a fumarate medium. 
Hence A. niger secretes the enzyme fumarase. The mycological 
conversion of fumaric acid to /-malic acid has been observed pre- 
viously by Takahashi and Sakaguchi (Bull. Agric. Chem. Soc. Japan, 
1927, 3, 59) in experiments with a Rhizopus species, and they also 
noted that the same mould effected the reverse change. The same 
equilibrium is set up between fumaric and /-malic acids under other 
biological conditions in which fumarase is present (compare Dakin, 
J. Biol. Chem.,1920, 50, 1; 1922, 52, 183; 1924, 59,11; Quastel 
and co-workers, Biochem. J., 1924, 18, 365, 519; 1925, 19, 304; 
Clutterbuck, ibid., 1927, 24, 512; 1928, 22, 1193; Alwall, Scand. 
Arch. Physiol., 1928, 54, 11). 

To sum up, it would appear probable that, whilst the development 
of dextrorotatory properties in cultures of A. niger on solutions of 
il-malic acid was due partly to the conversion of a portion of the 
|.isomeride to fumaric acid, it was occasioned also by the preferential 
utilisation of this isomeride for protoplasmic synthesis. Hence, it 
follows that the /-malic acid, which was produced when the mould 
was grown on calcium succinate media, must have arisen through 
preliminary dehydrogenation of the substrate to fumaric acid 
(scheme b). 

The production of inactive malic acid from succinic acid in one 
stage by A. niger, as now described, appears to be the first recorded 
instance in which this change has been experimentally demonstrated 
by biological means, and it is of interest in view of the comparatively 
few cases known in which a racemic compound may be isolated from 
the products of a living organism. 


EXPERIMENTAL. 


The strain of A. niger employed was that used in the work recorded 
in Parts I and II of this series, and the aqueous solution of inorganic 
salts (solution M) used in the media, unless otherwise stated, was 
of the same composition as that used previously. In all experiments 
the mould was cultivated at 28°. 

Enzymic Conversion of n-Butyric Acid to Succinic Acid.—A 
sterilised solution of 25 g. of pure n-butyric acid, as calcium salt, in 
2500 c.c. of solution M was inoculated from test-tube cultures on the 
same medium. After 18 days the contents of the flask were filtered 
from the scanty mycelium, concentrated td small bulk, acidified with 
phosphoric acid, and thoroughly distilled in steam. The distillate 
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contained only butyric acid. The residual liquid was treated with 
ether in a continuous-extraction apparatus, and evaporation of the 
ethereal extract yielded crystals (0-1 g.). These were drained on 
a tile, washed with a few drops of ether, and dried in a vacuum; 
m. p. 184-5°, raised to 185° in admixture with authentic succinic 
acid (m. p. 185°). In a similar experiment in which the mould was 
cultivated on a medium containing 70 g. of calcium n-butyrate, the 
solution after 21 days was worked up as before and yielded 0-32 g. 
of crude solid material, presumably succinic acid. This was con. 
verted to the normal sodium salt, and thence to the di-p-nitrobenzy] 
ester (Lyman and Reid, J. Amer. Chem. Soc., 1917, 39, 708); the 
resultant ester, when recrystallised four times from aqueous alcohol, 
had m. p. 90°; mixed m. p. with authentic di-p-nitrobenzyl succinate 
(m. p. 88-6°), 89°. 

In a control experiment, 20 g. of the same sample of calcium 
n-butyrate as that employed for the cultures were dissolved in 
solution M, the liquid was concentrated, treated with phosphoric 
acid, and submitted to distillation in steam for several hours. The 
residual liquid contained no trace of succinic acid. 

Enzymic Conversion of Succinic Acid to dl-Malic and to 1-Malic 
Acid.—To a.nearly saturated solution of calcium succinate in 1800 
c.c. of cold tap-water was added a concentrated solution of the 
requisite amounts of the necessary inorganic salts, and the whole 
was diluted to 2000 c.c. with tap-water and sterilised at 100° for a 
few minutes on each of three successive days. This medium con- 
tained approximately 0-7% of calcium succinate. The solution was 
inoculated by the addition of 100 c.c. of a vigorous sporulated culture 
of A. niger on the same medium. Growth was rapid and after 4 days 
the thick mycelium showed spore formation, whereupon portions of 
the solution were withdrawn daily and tested for the presence of 
malic acid by Denigés’s mercuric acetate reagent (Compt. rend., 
1900, 130, 34). On the 13th day, 10 c.c. of culture liquid were 
mixed with 2 c.c. of this reagent, heated to boiling, filtered hot from 
a slight cloudy precipitate, and the filtrate was oxidised at the 
boiling point by the cautious addition of a 2% aqueous solution of 
potassium permanganate. The greyish-white precipitate formed 
was washed by decantation, filtered off, and treated with hydro- 
chloric acid; the odour of acetaldehyde was observed and the 
resultant liquid gave a positive reaction for pyruvic acid when 
treated with an alcoholic solution of guaiacol and strong sulphuric 
acid, a very delicate test (Quastel, Biochem. J., 1924, 18, 371). 
Confirmatory tests showed that the mercury compound obtained 
by oxidation of authentic ‘malic acid in presence of mercuric acetate 
exhibited similar behaviour. The main bulk of the culture solution 
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was then filtered and oxidised in presence of Denigés’s reagent, and 
the mercury compound (6 g.) so obtained was washed, drained, and 
cautiously distilled with a solution of sodium iodide (7 g.) in water 
(50c.c.). The distillate (10 c.c.) was collected below the surface of a 
solution of 2 : 4-dinitrophenylhydrazine hydrochloride (Brady and 
Elsmie, Analyst, 1926, 51, 77). An orange-coloured precipitate 
(0-2 g.) was obtained immediately, and after being washed with 
water was recrystallised several times from hot ethyl alcohol; 
its m. p. was then 162° alone or in admixture with a pure specimen 
of acetaldehyde-2 : 4-dinitrophenylhydrazone. A quantity of the 
mercury compound obtained by oxidation of authentic malic acid 
in presence of mercuric acetate also yielded acetaldehyde when 
heated with aqueous sodium iodide. 

In a subsequent experiment the presence of malic acid was 
detected in the culture after 12 days and was isolated as follows : 
4000 C.c. of medium were filtered and concentrated on the water- 
bath under reduced pressure until solid matter commenced to 
separate; a little hot water was then added and the clear saturated 
solution was treated with lead acetate (118 g., hydrated) in water 
(600 ¢.c.), after which the mixture was made just alkaline with 
ammonia, and alcohol was added until it constituted one-third of the 
total volume. After standing over-night, the lead salt which had 
separated was removed, triturated with cold water, and washed by 
decantation. It was then suspended in water, the lead precipitated 
by hydrogen sulphide, and the filtrate boiled under reduced pressure 
and concentrated to 25 c.c. On standing over-night practically all 
the succinic acid present crystallised and was removed. In order to 
free the malic acid present in the syrupy mother-liquor from the last 
traces of succinic acid, the liquid was treated with ether in a con- 
tinuous-extraction apparatus, whereby the two acids were removed 
from the water layer at different rates. Colourless, slightly deliques- 
cent crystals (0-8 g.) were thus obtained, and, after drying, these 
melted at 116°, and at 120° in admixture with authentic dl-malic 
acid (m. p. 129—130°). The crystals were divided into two portions, 
(A) and (B). Portion (A) was analysed without further purification 
(Found, by micro-method: C, 35-7; H, 4-4. Cale.: C, 35-8; 
H, 45%); a further small quantity (0-111 g.) of portion (A) was 
found to contain 45% of l-malic acid by examination in the polari- 
meter in the presence of uranium acetate. 

Portion (B) was recrystallised three times from ether-light 
petroleum ; a heavy loss of material occurred, and the residue melted 
at 129° alone or mixed with authentic dl-malic acid (m. p. 129— 
130°) (Found : equiv., 67-0, 66-4. Cale. : 67-0. Found, by micro- 
analysis: C, 35-6; H, 4:5. Cale.: C, 35-8; H, 45%). A small 
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quantity (0-2 g.) of this purified material (m. p. 129—130°) was 
converted to the di-p-nitrobenzyl ester by boiling the sodium salt 
with an aqueous-alcoholic solution of p-nitrobenzyl bromide; the 
ester after purification had m. p. 107° and did not depress the m. p, 
(108—109°) of an authentic specimen of di-p-nitrobenzyl dl-malate. 

The above data were confirmed by the results of three more 
fermentations of succinic acid in each of which 2000 c.c. of culture 
medium were submitted to the action of the mould for 15 days. 
Malic acid was isolated in every case, and by m. p. determination 
followed by analysis of the three specimens, which all melted at 
different temperatures, it was proved to consist in each case of a 
mixture of the dl- and the /-form. From an m. p. curve based upon 
the m. p.’s of known mixtures of authentic specimens of the dl- and 
l-acids, the approximate compositions of the mixtures obtained by 
fermentation were ascertained. The data of these three experiments 
were : 

Yield (g.) Found, by Approx. comp. 


from 15 g. micro-method. (from m. p. curve). 
succinic 


Expt. _ acid. M. p. C,%  Hi% dl-,%. tb, %. 
l 125 116—117° 35:60 ° 431 50 
2 0-9 117—118 35-70 4-38 55 
3 1-1 107—108 35-68 4-42 30 

It is probable that the ratio of dl- to l-acid as formed in the 
culture solution is greater than is shown by these figures, since the 
method of isolation tends to result in the conservation of a larger 
percentage of the /- than of the dl-acid. 

Development of Optical Activity in Solutions of dl-Malic Acid 
fermented by A. niger. Isolation of Fumaric Acid.—A 1% solution 
of calcium dl-malate in medium M was inoculated with spores of the 
mould. A sample of the solution tested after 7 days showed no 
optical activity although the mould had grown well. After 14 days, 
25 c.c. of the culture were treated with 1-5 c.c. of glacial acetic acid 
and 10 c.c. of an 8% solution of uranium acetate and filtered. The 
filtrate, after being kept in the dark during 2 hours and then 
examined in a 2-dm. tube, was found to be slightly dextrorotatory 
(+ 0-5°, Ventzke scale). Subsequent small-scale experiments on 
similar lines, but with a different strain of A. niger, confirmed this 
behaviour, the following results being obtained : 

Polarimeter reading (Ventzke scale). 
Medium. 7 days. 14 days. 
Calcium dl-malate, 1% +0-9° +1-3° 
Sodium 6 1% +13 +1+2 
Sodium - +0-9 +29 

In a further experiment, in which 1500 c.c. of a 4% solution of 

sodium dl-malate were submitted to the action of the mould, the 





DEGRADATION OF FATTY ACIDS BY MOULD FUNGI. PART I. 1993 


medium soon became dextrorotatory, readings (Ventzke scale) after 
increasing periods being : 

Days after inoculation 8 11 14 18 
Polarimeter reading 1-5° 2-3° 3°7° 4-1° 
Days after inoculation 21 25 36 43 
Polarimeter reading ‘ 3-0° 3-0° 3-7° 5-2° 
When it was noted on the 20th day that the reading had decreased, 
a sample (A) (320 c.c.) of the medium was withdrawn. The ferment- 
ation was stopped on the 43rd day and the medium remaining (B) 
was worked up separately. 

Solution (B) yielded with lime-water a white precipitate, which 
was boiled with dilute sulphuric acid and filtered; the filtrate 
decolorised both dilute potassium permanganate solution and 
bromine water in the cold. The bulk of (B) was evaporated to 
100 c.c., acidified with syrupy phosphoric acid (20 c.c.), and 
thoroughly extracted with ether for 2 hours. The ethereal solution 
was washed with water, and on evaporation yielded white crystals ; 
these were recrystallised from hot water (50 c.c.) (yield, 0-73 g.), 
and were then found to melt in a sealed tube at 287°, alone or mixed 
with authentic fumaric acid (0-440 g. required 30-60 c.c. of N/4- 
NaOH. Calc., 30-35 c.c.). A quantity of the acid was converted 
to the di-p-nitrobenzyl ester, m. p. 151°, alone or mixed with the 
same ester of fumaric acid. In a similar manner a small quantity 
of fumaric acid was isolated from sample (A). 

The solution (B) from which the fumaric acid had been removed 
was treated with a concentrated solution of barium hydroxide until 
no further precipitate separated. The barium phosphate was 
filtered off, the solution evaporated to 120 c.c., and then treated with 
lead acetate (90 g., hydrated) in water (200 c.c.). Two drops of 
concentrated ammonia solution were added, followed by ethyl 
alcohol (250 c.c.), and the precipitated lead salt was collected after 
two days. From this salt malic acid was isolated in the manner 
described previously (p. 1991). The quantity recovered was 5-7 g., 
or 44% of that present originally in a similar volume of solution, and 
it melted at 115°. Polarimetric examination showed that it con- 
tained 12% of the d-acid. 


A part of the cost of this investigation has been defrayed by a 
grant from the Research Fund Committee of the Chemical Society, 
which is gratefully acknowledged, and the authors’ thanks are due 
also to Mr. H. Shaw, M.Sc.Tech., for carrying out the isolation of 
succinic acid from cultures on calcium n-butyrate. 
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quantity (0-2 g.) of this purified material (m. p. 129—130°) was 
converted to the di-p-nitrobenzyl ester by boiling the sodium salt 
with an aqueous-alcoholic solution of p-nitrobenzyl bromide; the 
ester after purification had m. p. 107° and did not depress the m. p, 
(108—109°) of an authentic specimen of di-p-nitrobenzy] dl-malate. 

The above data were confirmed by the results of three more 
fermentations of succinic acid in each of which 2000 c.c. of culture 
medium were submitted to the action of the mould for 15 days, 
Malic acid was isolated in every case, and by m. p. determination 
followed by analysis of the three specimens, which all melted at 
different temperatures, it was proved to consist in each case of a 
mixture of the dl- and the /-form. From an m. p. curve based upon 
the m. p.’s of known mixtures of authentic specimens of the di- and 
l-acids, the approximate compositions of the mixtures obtained by 
fermentation were ascertained. The data of these three experiments 
were : 

Yield (g.) Found, by Approx. comp. 

from 15 g. micro-method. (from m. p. curve). 
succinic a, pe ea 

Expt. acid. M. p. C, %. H, %. dl-, %. i-, %. 
1 1-25 116—117° 35-60 ~ 4°31 50 50 
2 0-9 117—118 35-70 4-38 55 45 
3 1-1 107—108 35°68 4-42 30 70 

It is probable that the ratio of dl- to l-acid as formed in the 
culture solution is greater than is shown by these figures, since the 
method of isolation tends to result in the conservation of a larger 
percentage of the /- than of the dl-acid. 

Development of Optical Activity in Solutions of dl-Malic Acid 
fermented by A. niger. Isolation of Fumaric Acid.—A 1% solution 
of calcium dl-malate in medium M was inoculated with spores of the 
mould. A sample of the solution tested after 7 days showed no 
optical activity although the mould had grown well. After 14 days, 
25 c.c. of the culture were treated with 1-5 c.c. of glacial acetic acid 
and 10 c.c. of an 8% solution of uranium acetate and filtered. The 
filtrate, after being kept in the dark during 2 hours and then 
examined in a 2-dm. tube, was found to be slightly dextrorotatory 
(+ 0-5°, Ventzke scale). Subsequent small-scale experiments on 
similar lines, but with a different strain of A. niger, confirmed this 
behaviour, the following results being obtained : 

Polarimeter reading (Ventzke scale). 
Medium. 7 days. 14 days. 
Calcium dl-malate, 1% +0-9° +1-3° 
odium ,, 1% +13 +1-2 
Sodium » +0-9 +2:9 

In a further experiment, in which 1500 c.c. of a 4% solution of 

sodium dl-malate were submitted to the action of the mould, the 
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medium soon became dextrorotatory, readings (Ventzke scale) after 
increasing periods being : 

Days after inoculation 8 11 14 18 
Polarimeter reading 1-5° 2-3° 37° 4-1° 
Days after inoculation 21 25 36 43 
Polarimeter reading ‘ 3-0° 3-0° 3-7° 5-2° 
When it was noted on the 20th day that the reading had decreased, 
a sample (A) (320 c.c.) of the medium was withdrawn. The ferment- 
ation was stopped on the 43rd day and the medium remaining (B) 
was worked up separately. 

Solution (B) yielded with lime-water a white precipitate, which 
was boiled with dilute sulphuric acid and filtered; the filtrate 
decolorised both dilute potassium permanganate solution and 
bromine water in the cold. The bulk of (B) was evaporated to 
100 c.c., acidified with syrupy phosphoric acid (20 c.c.), and 
thoroughly extracted with ether for 2 hours. The ethereal solution 
was washed with water, and on evaporation yielded white crystals ; 
these were recrystallised from hot water (50 c.c.) (yield, 0-73 g.), 
and were then found to melt in a sealed tube at 287°, alone or mixed 
with authentic fumaric acid (0-440 g. required 30-60 c.c. of N/4- 
NaOH. Calc., 30-35 c.c.). A quantity of the acid was converted 
to the di-p-nitrobenzyl ester, m. p. 151°, alone or mixed with the 
same ester of fumaric acid. In a similar manner a small quantity 
of fumaric acid was isolated from sample (A). 

The solution (B) from which the fumaric acid had been removed 
was treated with a concentrated solution of barium hydroxide until 
no further precipitate separated. The barium phosphate was 
filtered off, the solution evaporated to 120 c.c., and then treated with 
lead acetate (90 g., hydrated) in water (200 c.c.). Two drops of 
concentrated ammonia solution were added, followed by ethyl 
alcohol (250 c.c.), and the precipitated lead salt was collected after 
two days. From this salt malic acid was isolated in the manner 
described previously (p. 1991). The quantity recovered was 5-7 g., 
or 44% of that present originally in a similar volume of solution, and 
it melted at 115°. Polarimetric examination showed that it con- 
tained 12% of the d-acid. 


A part of the cost of this investigation has been defrayed by a 
grant from the Research Fund Committee of the Chemical Society, 
which is gratefully acknowledged, and the authors’ thanks are due 
also to Mr. H. Shaw, M.Sc.Tech., for carrying out the isolation of 
succinic acid from cultures on calcium n-butyrate. 
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CCLX.—Germanium. Part V. The Hydrolysis of 
Sodium Germanate and the Dissociation Constants 


of Germanic Acid. 
By Witu1am Pues. 


THE preparation of various salts of germanic acid, including sodium 
germanate, has already been described by the author (J., 1926, 
2828), and in another communication (this vol., p. 1537) it has been 
shown that germanium dioxide in aqueous solution is essentially 
an acid. It was hoped that the solubility determinations of the 
latter investigation could be employed in the calculation of the acid 
and the basic dissociation constants of germanic acid, but as they 
did not admit of such treatment, the present investigation was 
undertaken. 

In aqueous solutions of sodium germanate the following equilibria 
are set up: 


Na,GeO, == 2Na* + GeO,” ; 
HOH == OH’ + H’, [H*][(OH’] = K,; 
HGeO,’ == H’* + GeO,”, [H*][GeO,’”’]/[HGeO,’] = K,; 
H,GeO, == H’ + HGeO,’, [H*)[HGeO,']/[H,GeO,] = K,; 
H,GeO, == 2H’ + GeO,”, [H"}*[GeO,”’]/[H,GeO,] = K,K, 
H,0 + GeO,” == 
OH’ + HGeO,’, [(OH’][HGeO,’]/[GeO,”] = K, = K,,/Ko. 


Of the above constants, apart from K,,, only one, K,, has hitherto 
been determined, Roth and Schwartz (Ber., 1926, 59, 338) having 
obtained the value 1-2 x 10-’ by measuring the conductivity of 
aqueous solutions of germanium dioxide. Electrometric titrations 
of sodium germanate solutions, described later, show that the salt 
NaHGeO, exists insolution, and it is therefore reasonable to calculate 
the degree of hydrolysis according to the hydrolytic equilibrium 
Na,GeO, + H,O == NaHGeO, + NaOH. The sodium hydroxide 
produced is largely ionised in solution, but it can only be regarded as 
completely ionised in dilute solution or when the degree of hydrolysis 
is small, and hence the measurement of the hydroxyl-ion concentra- 
tion does not give a true measure of hydrolysis. This can only be 
given by the total concentration of sodium hydroxide, dissociated 
and undissociated. Some investigators, in similar cases, take as 
the concentration of sodium hydroxide that which would give the 
same hydroxyl-ion concentration in a pure solution of sodium 
hydroxide. With the dilute solutions employed here, such correc- 
tions were considered inadvisable, the more especially because the 
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equally important correction for the influence of the unhydrolysed 
sodium salts on the ionisation of sodium hydroxide is unknown. 
In the calculation of the degree of hydrolysis, therefore, it is assumed 
that the sodium hydroxide is completely ionised; the small error 
thus introduced diminishes with the concentration of the solutions 
employed. 

Preparation of Material.—Pure germanium dioxide was fused to 
a homogeneous melt in a nickel crucible with about 10% more than 
the theoretical amount of sodium hydroxide required for the 
formation of metagermanate. The cooled melt was extracted with 
the minimum quantity of boiling water, and any insoluble matter 
was filtered while the liquid was still hot. The clear solution was 
then evaporated over concentrated sulphuric acid and seeded from 
time to time with crystals of the heptahydrate, Na,GeO,,7H,O. 
Clear, transparent crystals were deposited in the course of a few 
days, and were well washed with small quantities of ice-cold water. 
Analysis having shown that they contained a very small excess of 
alkali, they were recrystallised. This was best done from very 
dilute solutions of caustic soda: in the absence of a small excess of 
free alkali, concentrated solutions of sodium germanate deposit 
minute traces of flocculent germanium dioxide on standing for 
several days. One recrystallisation was sufficient to give a very 


pure product. If the crystals so obtained were allowed to dry they 
did not redissolve to a clear solution; a small residue, presumably 
of hydrated germanium dioxide, always remained. The presence 
of carbon dioxide in the water had to be excluded for the same reason. 
This separation of solid matter did not, however, occur when the 
crystals were dissolved, while still moist, in recently boiled water. 
This precaution was taken throughout. 


EXPERIMENTAL. 


Measurement of Hydrolysis —Of the many methods available for 
the determination of the degree of hydrolysis, the best and most 
accurate is undoubtedly the measurement of the hydrogen-ion 
concentration by means of the hydrogen electrode. Throughout 
this work the H.M.F. was measured of the following combination : 

Pt,H,|Na,Ge0,| KC(satd. ) foe ) He. 

Preliminary experiments showed that suitable electrodes attained 
equilibrium rapidly and gave consistent results. Sheet platinum 
electrodes prepared in the usual way became sluggish in the course 
of a few hours. On the other hand, the film electrodes on glass 
finally adopted were much more active: they attained equilibrium 
rapidly and maintained their activity for 6—8 hours. When they 
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showed signs of sluggishness they were heated, “ refilmed,’”’ and 
“‘ reblacked,” and were then found to be quite as efficient as before. 
The hydrogen half-element employed was the usual laboratory type 
suggested by Sdrensen. The hydrogen was prepared from pure 
zine and sulphuric acid, to which a few drops of copper sulphate 
solution had been added, and was purified by the method recom- 
mended by Clark (‘‘ Determination of Hydrogen Ions ’’). 

The calomel half-element was of the saturated type, prepared 
with great care. It was checked with a normal calomel electrode 
and with certain standard buffer solutions, and its potential, referred 
to the normal hydrogen electrode, was 0-2506 volt. 

The #.M.F. measurements were made on a Tinsley potentiometer, 
the current being supplied by an accumulator which was balanced 
just before and after each reading against a standard Weston cell. 
The point of balance was determined by means of a very sensitive 
reflecting galvanometer. All measurements were made at 20°. 

The two half-elements were joined in all cases through a saturated 
solution of potassium chloride which was considered to eliminate 
completely the liquid-liquid potential difference. This view is not 
strictly correct, but the error introduced is almost certainly not 
greater than 0-1 millivolt with the dilute solutions used, as judged 
from Harman’s results for the hydrolysis of the analogous sodium 
silicates (J. Physical Chem., 1926, 30, 1100), in which, for N/10- 
solutions, the liquid-liquid potential differences as determined 
experimentally and as calculated by the Henderson formula are 
0-0 and 0-1 millivolt, respectively. 

From the observed #.M.F. the hydrogen-ion concentration was 
calculated by means of the relation 


Pu = (Z.M.F.(obs.) + £.M.F.(bar.) — E.M.F.(calomel)]/0-05812, 


and from the values of the hydrogen-ion concentration, so found, 
the values of the hydroxyl-ion concentration have been calculated 
from the dissociation constant of water, K,, being taken as 
1-0 x 10-4. 

The results are given in Table I and shown graphically in Fig. 1, 
where percentage hydrolysis is plotted against concentration. 
Obviously, sodium germanate is very largely hydrolysed in solution. 
For the purposes of comparison, the degrees of hydrolysis in 
N/10-solutions of sodium silicate (Harman, Joc. cit.) and sodium 
carbonate are appended below. The value for sodium carbonate 
has been calculated from one of the results obtained by Frary and 
Nietz (J. Amer. Chem. Soc., 1915, 37, 2268). 

Na,CO,,. Na,SiO,. Na,GeO;. 
0-096 0-414 0-615 


os 
/o° 


Hydrolysis, 
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This increase in hydrolysis is just what would be anticipated from 
the position of the three elements in the same group of the periodic 
classification. It is to be expected, therefore, that the dissociation 
constants of germanic acid will be much smaller than those of 
carbonic acid. 

Hydrolysis Constant.—This is given by the relation 


K = [(NaHGeO,][NaOH]/[Na,GeQ,], 


where the concentrations of the different substances include both the 
ionised and the un-ionised portions. It is obvious that K will vary 
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with the dilution, since it involves the degrees of dissociation of the 
three compounds, and its value will approach K;, as a limit at infinite 


dilution. 
TABLE I. 

Na,GeO,, E.M.F., Hydrolysis, 
mols. /1. corr. pu: [H"] x 10%. [OH’. %. 
0-100 0-9858 12-66 0-217 0-0461 46-1 
0-050 0-9756 12-49 0-325 0-0308 61-5 
0-025 0-9627 12-27 0-541 0-0185 74-0 
0-0125 0-9482 12-02 0-961 0-0104 83-3 
0-005 0-9277 11-66 2-18 0-0046 92-0 
0-001 0-8886 10-99 10-2 0-00098 98-0 


If, in the equilibrium 
Na,GeO, + H,O == NaHGeO, + NaOH, 


crepresents the concentration of sodium germanate (in mols./].) and 
x its degree of hydrolysis, then K = cx*/(1 — x). The values of K 
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for the various values of c and x are given in Table II. Too much 
significance must not be placed on the last value of K, because at that 
dilution the cell has a big internal resistance and the null point is 
not so readily found—a very small error in the 2.M.F. makes a big 
difference in the value of K. The limiting value, K,, appears to be 
about 5-4 x 10°. 
TaBe II. 
0-050 0-025 00125 0005 0-001 
0-615 0-740 0-833 0-920 0-98 
0-0394 0-0491 00526 0-0524 0-053 0-049 

The Secondary Dissociation Constant of Germanic Acid.—The 
value of this constant, K,, may now be calculated from the hydrolysis 
constant by means of the relation K, = K,,/K, = 10-*/5-4 x 10? = 
1-9 x 10-33, 

The value of the secondary dissociation constant of carbonic acid 
is6 x 10-UN. at 25°. It should be noted that the value of K, obtained 
above is independent of the assumptions made with regard to the 
ionisation of sodium hydroxide, because the limiting value of the 
hydrolysis constant has been used for its evaluation. 

Electrometric Titrations.—In an earlier paper (loc. cit.) the author 
states that sodium germanate, like sodium carbonate, can be 
quantitatively titrated with a strong acid in the presence of a 
suitable indicator. Methyl-orange is suitable for this purpose, but 
phenolphthalein is quite unsuitable. By carrying out this titration 
electrometrically it is possible to obtain much information about the 
behaviour of germanic acid in solution. Three such titrations have 
been carried out: (1) 0-1N-Na,GeO, with 0-097N-HCl, (2) 0-05N- 
Na,GeO, with 0-0485N-HCl, (3) 0-025N-Na,GeO, with 0-0242N-HCI. 
A wide test-tube was used as the electrode vessel, the various 
connexions being made through a suitably bored, tight-fitting rubber 
stopper. Hydrogen was allowed to pass through the cell until the 
E.M.F. was constant and then small amounts of hydrochloric acid 
were added, the #.M.F. being allowed to attain its equilibrium value 
after each addition. The results obtained are shown graphically 
in Fig. 2, where the p, value is plotted against the volume of acid 
added to 20 c.c. of germanate solution. In all three cases there is 
an unmistakable break in the curve after the addition of about 40%, 
of the total acid required for complete neutralisation, followed by 
another and more sudden drop from py 7:5 to pq 3. This is clear 
evidence of the existence of sodium hydrogen germanate in solution, 
the curves being typical of the neutralisation curves of dibasic acids. 
Germanic acid, therefore, ionises in two stages as shown on p. 1994. 
The first break in the curves corresponds to the second-stage 
ionisation. If the break at the half-neutralisation had been sharper 
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it would have been possible to calculate K, from the py value at 
that point. This lack of sharpness is due to hydrolysis of the 
Fie. 2. 
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sodium hydrogen germanate, and the degree of hydrolysis of this 
salt may now be calculated as follows: At the half-neutralisation 
point, B, the reaction Na,GeO, -+- HCl] —> NaHGeO, + NaCl has 
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occurred, and the acid salt is now the source of hydroxyl] ions, 
HGeO,’ + H,O == H,GeO, + OH’. Assuming complete ionis. 
ation, we have for the 0-1N-solution (I in Fig. 2), which is now 
0-033 molar: py = 10-65; [H']= 2-3 x 107!; [OH’]=4:3 x 104, 
and the percentage hydrolysis is 100(4:3 x 10+/0-033) = 1-3%. 
For the 0-025N-solution (III in Fig. 2) (now 0-00833 molar) the 
corresponding value of p, is 10-25, whence the percentage hydrolysis 
is 2-2%. 

The Primary Dissociation Constant of Germanic Acid.—This 
constant may be evaluated in two ways: (i) from the hydrolysis 
data of sodium hydrogen germanate, and (ii) from the py value 
at the point of complete neutralisation, point A on the curve. 

K, from hydrolysis data. For the hydrolysis of sodium hydrogen 
germanate 


K, = (H,Ge0,][OH’]/[HGeO,’] 
= [H,Ge0,]X,,/[H'][HGeO,’] = K,,/K,. 


If c and x represent its concentration and degree of hydrolysis, 
respectively, K, = cxz?/(l1— 2x), whence for c = 0-033, K,= 
5-7 x 10-6, K, = 1-75 x 10°; and for c = 0-00833, K, = 4-0 x 
10-°*, K, = 2-5 x 10°; mean K, = 2-1 x 10°. 

K, from the p, value at the neutral point. Only one of the solutions, 
0-05N,, was titrated to a marked degree of acidity. In this case, the 
middle point A of the large break (see Fig. 2) occurs at py = 5-20, 
and at this point the amount of hydrochloric acid added corresponds 
exactly to that required to combine with all the sodium present. 
The acidity of the solution at this point is therefore due to germanic 
acid which is now 0-025N = 0-0125 molar. Hence 


Pu = 5-20; [H"] = [HGeO,’] = 6-3 x 10*; [H,GeO,] = 0-0125; 
K, = (63 x 10-)2/0-0125 = 3-2 x 10°. 


20 C.c. of sodium germanate solution required, by the electro- 
metric method, 20-70 c.c., and with methyl-orange, 20-75 c.c. of 
hydrochloric acid for complete neutralisation. The best indicator 
for the titration is not methyl-orange but one with a colour change at 
approximately p, 5, e.g., methyl-red (pq 4-4—6-0). 

The values of the dissociation constants obtained by the different 
methods are compared below. 

By hydrolysis. By £.M.F. 


2-1 x 10-° 3-2 x 10° 
1-9 x 10-38 — 


The two values for K, agree very well and give a mean value of 
2-6 x 10°. This value is nearly 50 times smaller than that (viz., 





PUGH : GERMANIUM. PART V. 2001 


1:2 x 10-7) obtained by Roth and Schwartz (loc. cit.) using the 
conductivity method at 25°, but the small temperature difference 
seems insufficient to account for the big difference in the two values. 
According to Roth and Schwartz, germanic acid is one-third as 
strong as carbonic acid (3 x 10-7). This does not seem to be very 
likely in view of the position of carbon and germanium in the 
periodic classification, silicon being interpolated between them. 
Much bigger differences are found between the dissociation constants 
of the nitrogen acids and the corresponding acids of arsenic (Stieglitz, 
“Elements of Qualitative Chemical Analysis,’ p. 104). In the 
opinion of the author, therefore, the value obtained by Roth and 
Schwartz is too high and is probably due to the high conductivity 
of the water employed. In view of the values obtained in this 
investigation, it is questionable if their argument is a sound one, 
namely, that the much higher concentration of the weaker germanic 
acid so effectively represses the ionisation of the carbonic acid that 
its influence on the conductivity can be neglected. A small trace of 
carbon dioxide in the solution would in all probability substantially 
add to its hydrogen-ion concentration. 


Summary. 


(1) The degree of hydrolysis of sodium germanate in solution has 


been determined at various concentrations by the hydrogen- 
electrode method. 

(2) The limiting value of the hydrolysis constant is 5-4 x 107. 

(3) The secondary dissociation constant of germanic acid, 
1-9 x 10-8, has been calculated from the hydrolysis constant. 

(4) Electrometric titrations of sodium germanate have been 
carried out which show that germanic acid is a dibasic acid. 

(5) The primary dissociation constant of germanic acid, 2-6 x 
10°, is 45 times smaller than the value obtained by Roth and 
Schwartz. The reasons for the discrepancy are discussed. 


In conclusion, the author wishes to thank Professor Newbery for 
the use of his potentiometer, and to make acknowledgment to 
Professor J. Smeath Thomas for the loan of the material and for 
the interest he has shown in the progress of the work. 


University oF Carpe Town. [Received, May 27th, 1929.] 
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CCLXI.—The Reaction between Ferric Oxide and 
Hydrogen Sulphide at Temperatures between 120° 
and 830°. 

By Lronarp ALFRED SaYCce. 


THE most exhaustive study recorded hitherto of the reaction 
between ferric oxide and hydrogen sulphide is that of Pearson and 
Robinson (J., 1928, 814), in whose paper the relevant literature is 
discussed. Their work, restricted to the reaction at 100°, led them 
to conclude that the principal products were FeS, 9-76; Fe,§,, 
69-4; and FeS,, 7-83%, and they suggested that the primary 
product was ferric sulphide which, decomposing in part, gave 
equimolecular proportions of mono- and di-sulphide. The present 
investigation extends the inquiry and shows that the course of the 
reaction is profoundly modified at higher temperatures. 


EXPERIMENTAL, 


Ferric hydroxide, precipitated from ferric chloride in dilute 
hydrochloric acid by pure ammonium hydroxide, and washed first 
by decantation with 5° ammonium hydroxide until the supernatant 
liquid was free from chloride and subsequently in a Biichner funnel 


with distilled water, was drained and dried to constant weight at 
50° (about 20 days) in a current of dry, carbon dioxide-free air. 
The material when sieved (150—200 mesh) was stored in stoppered 
bottles in a desiccator, but nevertheless absorbed, moisture, and 
was therefore analysed frequently until it had attained constant 
composition (Found : Fe,O,, 87-00; H,O, by diff., 13-00. Calc. for 
3Fe,0,,4H,O : Fe,0,, 86-92; H,O, 13-08%). 

For the study of the reaction between 100° and 250°, hydrogen 
and hydrogen sulphide from two Kipp’s generators were brought 
together, after thorough washing and drying, by means of a Y-piece 
carrying taps, and thence passed to a train of four tap-stoppered 
U-tubes. The first, third, and fourth of these were filled with 
alternate layers of glass-wool and phosphoric oxide, whilst the 
second acted as a reaction tube and held the ferric oxide, being 
maintained at the required temperature by immersion, for three- 
quarters of its height, in an oil-bath. 

The experiments were carried out as follows: The four U-tubes 
were thoroughly swept out with hydrogen and then the second and 
third were weighed. The second was charged with approximately 
1 g. of ferric oxide, rinsed with hydrogen, and again weighed. After 
reassembly, hydrogen was passed through the four tubes for } hour, 
and then the reaction tube was heated to the required temperature, 
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and hydrogen sulphide passed at approximately one bubble a 
second for 3—5 hours (3 hours was subsequently proved to be 
adequate). Hydrogen then replaced the hydrogen sulphide for 
} hour, during which heating of the reaction tube was discontinued 
to minimise possible reduction. The combined gain in weight 
of the second and third tubes gave the total weight of hydrogen 
sulphide absorbed. 

For purposes of analysis, the contents of the reaction tube were 
wetted with 10% hydrochloric acid (air being strictly excluded 
meanwhile), washed into a beaker, and boiled with excess of the 
same acid until hydrogen sulphide ceased to be evolved. The 
operation was designed to dissolve ferrous sulphide, ferric sulphide, 
and unaltered ferric oxide, liberating sulphur equivalent to the 
ferric sulphide and leaving the disulphide untouched. The residue 
was extracted by washing with alcohol, ether, and finally with 
repeated small quantities of pure carbon disulphide, and the com- 
bined washings were evaporated for the estimation of soluble 
sulphur. This sulphur was regarded as a measure of the ferric 
sulphide in the preparation, a number of separate experiments 
having shown that, between 100° and 400°, only a trace of sulphur 
was extractable from it, before treatment with acid. 

The residue, after removal of free sulphur, was ignited to ferric 
oxide and taken as a measure of the disulphide present; a number 
of complete analyses showed that it had the composition of iron 
disulphide, and it was also observed that, when left exposed to the 
air for some days, it swelled up considerably and then consisted of 
ferrous and ferric sulphates together with free sulphur. 

The deductions for the analytical figures were based on the 
following considerations. The total combined sulphur was known 
from the weight of hydrogen sulphide absorbed, the sulphur in 
excess of that required for formation of ferric sulphide and disulphide 
existed as ferrous sulphide, and finally, the difference between the 
amount of iron in the three sulphides already found and the total 
iron, calculated from the weight of hydrated ferric oxide used, 
was a measure of the unaltered ferric oxide in the product. 

For the reaction above 250°, the reaction tube was replaced by 
a clear silica vessel consisting of an elongated bulb, of approximately 
20 c.c. capacity, blown upon the end of a tube 10 cm. long and 1-5 
cm.in diameter. This tube was closed by a tap-stopper which either 
sealed the vessel or, when turned, admitted gas to the bottom of 
the bulb by way of an internal axial tube attached to the stopper. 
The bulb was enclosed in a small electric resistance furnace whose 
temperature, controlled by a rheostat, was measured by means of a 
thermocouple. The vessel was maintained in a horizontal position 
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to prevent the return of moisture condensing around the stopper. 
At temperatures above 500°, considerable free sulphur was deposited 
in the cool portion of the vessel, and thus the gain in weight was 
without specific significance. Therefore, in the analysis of this 
product it was necessary to assume that the percentage of unaltered 
ferric oxide was the same as that found for lower temperatures—an 
assumption which was subsequently justified by another method of 
analysis. Apart from this the procedure was as before. 


Discussion of Results. 


Before discussing the results, it must be emphasised that individual 
experiments, particularly at lower temperatures, gave results so 
divergent that only the means of a number of analyses (as recorded 
in the table) had definite significance. Even so, these means are 
probably subject to an error of several units °% in some cases. This 
inconsistency had two causes: (1) The reaction involved the con- 
version of one solid to another, with the consequent marked tendency 
for the product to coat the original material and prevent free access 
of the gas; and (2) it was highly exothermic, and the actual temper- 
ature of the materials was therefore higher, probably to a variable 
extent, than that of the oil-bath or furnace. Discrepancies from 
this cause would produce considerable variations in the product at 
100—200° and at 500—600°, where its composition ene rapidly 
with temperature. 


Mean Composition of Product of the Reaction between Ferric Oxide and 
Hydrogen Sulphide. 
Unaltered 
Temp. Fe,0;, %. FeS, %. Fe,S,, %. FeS,, %. 
120° 6-74 24-00 13-47 55-79 
155 6-54 16-59 6-23 70-64 
200 0-00 11-23 1-10 87-67 
355 2-49 0-00 0-00 97-51 
425 9-43 0-00 4-73 85-84 
510 6-05 58-79 . 34-26 0-90 
582 5-98 53-26 39-57 1-19 
616 6-10 64-09 28-98 0-83 
830 6-08 64-58 26-84 2-50 
A consideration of the results recorded in the table and plotted 
in Fig. 1 (in which, however, unchanged ferric oxide is not recorded) 
reveals that between 120° and 450° iron disulphide is the main 
product of the reaction, and that it becomes the only product in 
the region of 300°, being then a dark yellow powder of metallic 
appearance strongly resembling iron pyrites. 
Between 400° and 500° the course of the reaction undergoes a 
profound change, for, whereas at 400° the product was almost 


entirely insoluble in 10% hydrochloric acid (i.e., it consisted of 
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disulphide), at about 500° it was almost completely soluble, and 
free sulphur appeared in the reaction vessel. The analysis of the 
product would appear to indicate that above 500° iron disulphide 
is replaced by a material which behaves like a mixture of ferrous 
and ferric sulphide. The formation of iron disulphide below 500° 
is most simply accounted for by the reduction of hydrogen sulphide 
thus: Fe,0O, + 4H,S —+> 2FeS, + 3H,O + H,; this assumption 
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throws into error the method of calculating the total sulphur in 
the product (and thence the ferrous sulphide and unaltered ferric 
oxide), but not sufficiently to obscure the general trend of the reaction. 
The almost entire absence of free sulphur in the product formed at 
lower temperatures is noteworthy in view of the 2—3% of free 
sulphur invariably obtained by Pearson and Robinson at 100°. 
This is possibly due to the differences in drying the hydrated oxide ; 
the material for the former work, having been dried at 100° and 
more completely dehydrated, may have retained more adsorbed 
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oxygen. It is significant that the appearance of free sulphur in the 
reaction tube at 500° corresponds to the disappearance of iron 
disulphide. 

Conclusion.—A consideration of the present work and of that of 
Pearson and Robinson (loc, cit.) indicates that the reaction between 
hydrogen sulphide and hydrated ferric oxide varies considerably 
with temperature. At and below 100°, the primary product appears 
to be ferric sulphide which partially decomposes to ferrous sulphide 
and iron disulphide, thus : 


(i) Fe,0, + 3H,S —-+> Fe,S, + 3H,O; (ii) Fe,S; —> FeS + Fef, 
Above 100°, these reactions give place more and more to the direct 


production of iron disulphide until, in the region of 300°, the only 
reaction concerned is 
(iii) Fe,O, + 4H,S —-> 2FeS, + 3H,O + Hg. 

Between 400° and 500°, however, iron disulphide gives place toa 
product which is soluble in hydrochloric acid with liberation of 
sulphur. This material was regarded for purposes of calculation asa 
mixture of ferrous and ferric sulphides, although the reappearance 
of the latter as a product of the reaction is very improbable, and it 
is suggested that we have here some evidence of ferroso-ferrc 
sulphide, Fe,S,. 


The author desires to record his great indebtedness to Dr. P. L. 
Robinson, “through whose constant advice this work has bee 
initiated and stimulated. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, July 27th, 1929.] 





CCLXII.—The Electrolytic Dissociation of some Meta 
Malonates. 


By Harry Lister Ritey and Newz Ivy FisHer. 


From refractometric evidence, Fajans, Kohner, and_Geffcke 
(Z. Elektrochem., 1928, 34, 1) conclude that strong electrolytes at 
incompletely dissociated in aqueous solution, and that they difiet 
in degree only from weak electrolytes, so that no sharp line d 
demarcation can be drawn between them. It is also held y 
Fajans (ibid., p. 502) that there are two limiting forms of chemial 
combination involving (1) ideal undeformable ions and (2) compl 
non-polar combination. If Fajans’s views be correct, the disti 
tions now drawn between the various types of valency are puréj 
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arbitrary and the fundamental electronic mechanism involved in 
each type of valency is probably the same, differences in properties 
being due to polar factors and not to any fundamental difference in 
the mode of linkage. That the distinction between strong and weak 
electrolytes has ever arisen is probably due to the fact that the vast 
amount of work which has been carried out on the conductivity of 
electrolytes has been confined almost exclusively to two extreme 
types of compound, wiz., alkali and alkaline-earth salts and com- 
pounds such as weak acids and bases. The very nature of these two 
types of compound would, on the basis of electronic theory, lead one 
to anticipate extremely marked differences in the extent of their 
electrolytic dissociations in aqueous solution. In the present paper 
it will be shown that normal salts exist (probably a very large number, 
although only four have been studied), which, although of the same 
type as the so-called strong electrolytes, behave as weak or inter- 
mediate electrolytes in aqueous solution, so lending strong support 
to Fajans’s contention that the classification of electrolytes as 
“ strong ” and ‘‘ weak” is arbitrary. This gradation in the extent 
of electrolytic dissociation is known to exist in certain series of 
similar organic acids, e.g., acetic and the chloroacetic acids. The 
hydrogen ion is, however, unique with respect to its volume, and 
although it would be unsafe to draw deductions as to the nature of 
electronic linkage from the above compounds, there is apparently 
no reason to assume that the weak acetic acid is of a fundamentally 
different nature from the strong trichloroacetic acid. 

Consideration of the phenomenon of electrolytic dissociation 
indicated that, apart from the polar nature of the solvent and the 
dimensions of the ions concerned, two factors are probably very 
important in determining the extent of dissociation, viz., (1) the 
tendency of the kation to act as an acceptor of electrons and (2) the 
tendency of the anion to act as a donor. -Complex-salt chemistry 
indicates that in the kations of those elements which depart con- 
siderably from the inert-gas structure, the excess positive charge, 
instead of being uniformly distributed over the surface of the ion 
(as is probably the case with the alkali and alkaline-earth ions), is 
highly localised, either actually, or potentially. If this be so in 
complex salts, there is no reason to suppose that this property of 
acting as an acceptor is absent in ordinary normal salts, and con- 
sequently this localisation of the positive charge on the kation will 
tend to reduce considerably the degree of dissociation. The 
tendencies of anions to act as donors vary considerably.. The 
magnitude of the tendency is probably a polar factor depending on 
the electronic structure of the anion. It appears reasonable to 
suppose that an anion which readily forms stable complex salts, 

3Y 
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t.e., salts containing complex ions which are undissociated in aqueous §, 
solution, will still possess this “‘ donor ’’ property in its normal salts, § 
with a consequent tendency to decrease the degree of dissociation 
of the normal salts. . 

The data available on electrical conductivity, although containing 
nothing contradictory to the above views, supply little positive J} 
evidence. The behaviour of mercuric cyanide and thiocyanate in FF 
aqueous solution is, however, in agreement with them. Both 
compounds possess the mercury kation which departs considerably 
from the inert-gas structure, and both the cyanide and the thio- 
cyanate ion readily act as donors. Other dissociations which are 
worthy of notice are those of magnesium oxalate (27°3% dissociated 
in N/100-aqueous solution at 18°) and of cadmium, zine, and copper 
sulphates (all approximately 62% dissociated in N/100-solution at 
18°). With the view to extend the data of the electrical conductivi- 
ties of compounds of this type (i.e., those which on the above 
theory would be expected to show dissociations far from complete), 
it was decided as a preliminary study to measure the conductivities §. 
of aqueous solutions of copper, zinc, cadmium, and magnesium —& 
malonates. These compounds are admirably suited for this purpose 
with regard to both solubility and stability. The malonate ion§: 
possesses the donor property to a fairly high degree, as is shown by 
the formation of the stable disodium diaquodimalonatocupriate 
(this vol., p. 1307). The copper, zinc, and cadmium ions all depart 
considerably, from the inert-gas structure, and consequently there 
will be a high degree of localisation of the excess positive ionic charge. 
It can therefore be anticipated that the normal malonates of these 
elements will not behave as “ strong ” electrolytes, and that their 
dissociations will be far from complete. The magnesium ion 
approaches the inert-gas structure much more closely than the other 
ions, and it can therefore be anticipated that magnesium malonate 
will be more highly dissociated than the other malonates under 
consideration. The malonate ion possesses the donor property toa 
less degree than the oxalate ion (this vol., p. 1307), so it can also be 
predicted on the above views that magnesium malonate will be more 
highly dissociated than the oxalate. 

The results obtained are illustrated in Fig. 1. The mobilities of 
the magnesium, copper, zinc, and cadmium ions being almost equal, 
the variation of equivalent conductivity with dilution illustrates 
approximately the degree of dissociation of the various salts at 
different dilutions. 

The values for the dissociation of magnesium oxalate are due to 
Noyes and Falk (J. Amer. Chem. Soc., 1912, 34, 475), and were 
determined at 18°. If they had been determined at 25°, these 





EXPERIMENTAL. 


The conductivities of the various salt solutions were measured 
y the ordinary Kohlrausch method. 20 C.c. of the most concen- 
ated solution of the salt under consideration were introduced into 
Kohlrausch cell and the conductivity was determined at 25°, 
meter bridge, telephones, a Post-office box, and a small induction 
oil being used. Dilutions were made by means of a calibrated 
-c.c. pipette. 
Fie. 1. 
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The various salts were prepared by dissolving the corresponding 
xides in excess of malonic acid and recrystallising them twice from 
onductivity water. The purity of the products was checked by 
nalysis. The copper malonate crystals, CH,(CO-O),Cu,3H,0, 


//25-solution was prepared by dissolving the requisite quantity of 
alt in conductivity water and diluting it to 250 c.c. The zine and 
magnesium malonates, solutions of which were prepared in a similar 
manner, had been dried at 100°, and analysis showed them to have 
he formule C,H,0,Zn,H,O and C;H,0,Mg,2H,0 respectively. 

ving to the sparing solubility of cadmium malonate, a litre of an 
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approximately N/200-solution was prepared and its concentratigil 
determined by estimating the cadmium present in 500 c.c. 

The results of the conductivity determinations are given beloy 
v represents the dilution in litres, x the specific conductivity, A th 
equivalent conductivity, « the ratio A,/A,, and K the Ostwa 
dilution formula «?/(1 — «)v. 


v «X10% Ax10% «a Kx105. v. «xX10% AXx10%. a. 


Magnesium malonate. Zine malonate. 

2206 27-6 0-247 648 12-5 967 12-1 0-105 

1365 34-2 0-306 540 25 588 14-7 0-128 
844 42-2 0-377 456 50 370 18-5 0-161 
523 52-3. 0-467 409 100 239 23-9 0-208 
318 63-6 0-569 376 157 31-5 0-274 
193 77-4 0-692 389 400 107 42-7 0-372 
lll 88-4 0-790 372 70 55-7 0-485 
— 111-86 — — 114-86 — 


Cadmium malonate. Copper malonate. 
206-9 226 46-7 0-405 y 160 3:99 0-0351 
413:8 142 58-9 0-511 81 4-06 0-0356 
827-7 88 72-8 0-631 43 4:27 0-0375 
1655-4 52 86-4 0-750 2 24 4:78 0-0424 
re — 11526 — 14 5-72 0-0502 
10 7-60 . 0-0668 
6, 10-56 0-0927 

— 113-86 — 


The value of the mobility of the malonate ion is that determin 
by Vogel (this vol., p. 1476), and those of the magnesium, cadmiu 
zinc, and copper ions are taken from Landolt—Bérnstein ‘‘ Tabellen 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SoutH KENSINGTON. [ Received, July 5th, 1929.) 





CCLXIII.—Bases containing Two isoQuinoline Ring 


By Reernatp CHILD and Frank LEE Pyman. 


THE formula recently put forward for emetine by Brindley 3 
Pyman (J., 1927, 1069) contains two 6 : 7-dimethoxyisoquinolir 
residues connected in each case through the 1-position, and tl 
partial formula of Spaéth and Leithe (Ber., 1927, 60, al 
the same feature. 

With the hope of obtaining some substance having the ameebicit 
properties characteristic of emetine, the preparation of a series 
compounds containing two isoquinoline nuclei united through ti 
1: 1’-positions by chains of methylene groups of varying leng! 
was projected. The general plan of the investigation was to prepal 
8-phenylethylamides and 8-veratrylethylamides (I) of dibasic fatif§. 
acids, and to attempt their ring closure on the lines of the synthe: 
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f compounds containing a single isoquinoline nucleus, originated 

y Bischler and Napieralski (Ber., 1893, 26, 1903). The expected 

wmis-3 : 4-dihydrotsoquinolines (II) were then to be reduced to 

y, A tiiistetrahydroisoquinolines (III, R = H) or, after methylation, to 
Ostwalff\is-2-methyltetrahydroisoquinolines (III, R = Me). 


(OMe) (I:) 
JH,°CH,°NH-CO-[CH,],CO-NH-CH,°CH, (OMe) 


o | > 
CH 


S[CH,], Lee, + [CH,], 
_ | (MeO) ‘H, 
J 











(IIT. _ 


Of the 8-phenylethylamides of the dibasic fatty acids only oxalodi- 
9.¢)qp-phenylethylamide (Neubert, Ber., 1886, 19, 1826; Decker, 
innalen, 1912, 395, 308) and oxalodi-$-piperonylethylamide (Decker, 
. cit.) have been prepared previously. These and ozalodi-8- 
yratrylethylamide are formed quantitatively simply by mixing ethyl 
bxalate with the appropriate amine. For the preparation of the 
-phenyl- and 8-veratryl-ethylamides of the higher dibasic acids up 
0 decane-1 : 10-dicarboxylic acid, it is necessary to heat the esters 
umvith the amines for some hours at 180°, whereby the amides are 
bbtained in fair yields (50—80%). They show the alternation of 
nm. p. and of solubility in alcohol familiar in the dibasic acid series 
compare Barnicoat, J., 1927, 2927). These amides were the sole 
rystalline products of the reaction except in the condensations 
vith ethyl succinate, in which N-$-phenyl- and N-8-veratryl-ethyl- 
puccinimide (IV) were formed as by-products. 


Jw sve wt ae 


CO-NH-CH,-CH,Ph 


C 
\y 
vee A, 


(IV.) (V.) 

Decker (loc. cit.) attempted the preparation of a bisdihydrovso- 

quinoline by treating oxalodi-$-phenylethyvlamide with phosphoric 

oxide, but was able to close only one ring with the formation of the 
compound (V). 

We were unable to convert the unsubstituted 6-phenylethylamides 

of the dibasic fatty acids from malonic up to sebacic into bisdihydro- 

‘J oquinolines, or even to close one of the two rings, by any of the 

“B known methods, using phosphoric oxide after Pictet and Kay (Ber., 
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1909, 42, 1973), phosphorus pentachloride and aluminium chlori¢ 
after Decker and Kropp (Ber., 1909, 42, 2075), or phospho 

oxychloride after Buck and Perkin (J., 1924, 125, 1680, 1695) 
More successful results were obtained with the 8-veratrylethylamide 
for adipo-, pimelo-, and sebaco-di-f-veratrylethylamides readily gay 
bisdihydroisoquinolines of type II (n = 4, 5, and 8) on dehydratioy 
by phosphorus oxychloride, and test-tube experiments showed thi 
azelao-, subero-, nonane-1 : 9-dicarboxy-, and decane-1 : 10-dicarbozy 
di-8-veratrylethylamides also underwent this type of condensatior 
Adipodi-8-piperonylethylamide behaved similarly. The {-veratry!| 
ethylamides of the lower dibasic fatty acids, however, behavei 
differently on treatment. with phosphorus oxychloride. Succino 
di-8-veratrylethylamide underwent such extensive decomposition that 
no basic products could be isolated, whilst glutaro-di-8-veratrylethy 
amide gave a poor yield of a monoacid base, isolated as its hydriodid 
C,;H,,0,N,I, and traces of a second hydriodide, C,;H,,0;N,,HI 
The latter is probably analogous in structure to the substance (V) 
whilst the former may possibly be a quaternary salt of formula (V1) 


On treatment with alkali it gave an unstable tertiary base, of whictj 


the formation may be explained by the assumption that the iodin 
was removed together with a hydrogen atom from the methylend 


group attached to the carbon atom in the 1-position with consequent 


rearrangement of the linkings, as in the formation of N-methylis 
papaverine from papaverine methiodide (Decker and Klauser, Ber. 
1904, 37, 520). 


CH, 
(ft, Bh 


C:N-CH,CH 
CH, \N <I 2 
CH, ae 


CH, 


The reduction of bases of type II to bases of type ITI would be 
expected to yield two stereoisomeric (dl- and meso-) forms oftthg to 
the two carbon atoms in the 1 : 1'-position being rendered asymmetric. 
In the reduction of «8-bis-(6 : 7-dimethoxy-3 : 4-dihydroisoquinoly): 
1-)butane and of. ae-bis-(6 : 7-dimethoxy-3 : 4-dihydroisoquinoly!- 
1-)pentane, however, only a single bistetrahydro-derivative was 
isolated in each case, but the reduction of the dimethiodide of the 
former base gave a mixture of ad-bis-(6 : 7-dimethory-2-methy- 
tetrahydroisoquinolyl-1-)butanes, only one of which was isolated 
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A. «8-Bis-(6 ; 7-dimethoxy-3 : 4-dihydroisoquinolyl-1-)butane. 

B. «5-Bis-(6 : 7-dimethoxytetrahydrotsoquinolyl-1-)butane. 

C. «3-Bis-(6:7-dimethoxy-2-methyltetrahydroisoquinoly]-1-)butane. 

D. ae-Bis-(6 : 7-dimethoxy-3 : 4-dihydroisoquinolyl-1-)pentane. 

E. «-Bis-(6 : 7-dimethoxytetrahydroisoquinolyl-1-)pentane. 

F. «6-Bis-(6 ; 7-dimethoxy-3 : 4-dihydroisoquinoly]-1-)octane. 

G. The hydrochloride, C,;H,,0,N,,HCl, from  glutarodi-f- 
veratrylethylamide. 

By the courtesy of the Chemotherapy Committee of the Medical 
Research Council, these seven substances were tested for amcebicidal 
properties by Mr. Tate and Miss Vincent, working under Dr. 
Keilin’s direction, at the Molteno Institute at Cambridge, using the 
methods employed by Laidlaw, Dobell, and Bishop (Parasitology, 
1928, 20, 207) for testing the action of emetine. None of these 
substances prevented the growth of Entamoeba histolytica in cultures 
at a dilution of 1 in 5000, whereas the control substance, emetine, 
was effective in a dilution of 1 in 500,000. Also by the courtesy 
of the Chemotherapy Committee, the above compounds were tested 
for antimalarial activity, B by Dr. Scott McFie and the remainder 
in Dr. Keilin’s laboratory, and were found to be inactive. The 
substances A, B, C, D, E, and F were examined for toxicity and 
trypanocidal activity by Mr. W. A. Broom, B.Sc., of Boots Pharma- 
cological Department. The maximum tolerated doses to mice (in 
mg. per g.) were A, 0-1; B, 0-35; C, 0-7; D, 0-5; E, 0-2—0-4; 
F, 0:10—0-15.' None of the six substances had curative properties 
against T'rypanosoma equiperdum in doses of half the maximum 
tolerated dose. 

We desire to express our thanks to all the above investigators 
of the physiological properties of these compounds. 


EXPERIMENTAL. 

8: Veratrylethylamine.—The @-veratrylethylamine employed in this 
investigation was prepared essentially by the method of Buck and 
Perkin (J., 1924, 125, 1679), but the method was improved con- 
siderably at one stage, namely the conversion of 3 : 4-dimethoxy- 
phenylpropionic acid into its amide. These authors did not obtain 
good results by the action of ammonia upon either the ethyl ester 
or the acid chloride, prepared by means of either phosphorus 
pentachloride (Pictet and Finkelstein, Ber., 1909, 42, 1986) or 
thionyl chloride. Finally, they employed the method used by 
Decker (Annalen, 1913, 395, 290) for the preparation of piperony]l- 
acetamide, 7.e., passage of dry ammonia through the molten acid 
at 220-—230° for two hours; they did not state the yield, but in 
our hands it. varied from 31. to 36%. Haworth and Perkin (J., 
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1926, 1775) and Ray (J. Indian Chem. Soc., 1927, 4, 403) used the 
thionyl chloride method, and the latter author claims a yield of 
about 55%, which we confirm. The following is a more convenient 
method. 

Ethyl 8-3 : 4-dimethoxyphenylpropionate was prepared in the usual 
manner in 80% yield, b. p. 193°/20 mm., m. p. 13°, dig} 1-1123 
(Found: ©, 65-5; H, 7-8. C,,;H,,0, requires C, 65-5; H, 7-6%). 
When 100 g. of this ester were shaken for 4 days with ammonia 
(1 kg.; d 0-880), it gradually dissolved and was replaced by the pure 
amide. This was collected, and the filtrate was treated successively 
with four further amounts of ester (104 g., 98 g., 102 g., and 55 g.), 
whereby 305 g. of the amide were obtained (yield 75%), and a 
quantity of 3:4-dimethoxyphenylpropionic acid was recovered 
from the final mother-liquor. 

Methyl 8-3 : 4-dimethoxyphenylpropionate, b. p. 174—175°/12 mm., 
194°/30 mm., m. p. 38—39° (Found: C, 64:2; H, 7-1. C,,H,,0, 
requires C, 64-2; H, 7-2%), is less suitable for conversion into the 
amide owing to its higher m. p. 

Amides.—The amides of the dibasic fatty acids (except oxalic 
acid) were prepared by heating the ester (1 mol.) with the amine 
(2 mols.) in an open vessel for 4 hours at 180°. On cooling, crystalline 
masses were obtained, which after washing with alcohol gave the 
nearly pure amide, except in cases involving ethyl. succinate, in 
which both the amide and the imide were formed. The following 
amides,* which were all insoluble in water, were prepared. 

Oxalodi-8-phenylethylamide, m. p. 186° (Neubert, loc. cit., gives 
m. p. 180°; Decker, loc. cit., gives m. p. 186°). 

Malonodi-8-phenylethylamide, silky needles from alcohol, m. p. 
129—130°; yield 83% (Found: C, 73-4; H, 7-4; N, 8-9.— 
C9Hy0,N, requires C, 73-5; H, 7-2; N, 9-0%). 

Succin-amide and -imide. §-Phenylethylamine (5-15 g.) and ethyl 
succinate (3-75 g.) gave a crystalline product (4 g.; m. p. 130—160°), 
which was separated by boiling water into an insoluble fraction, 
succinodi-B-phenylethylamide (2 g.), long, silky needles from alcohol, 
m. p. 200° (Found: C, 74-6; H, 7-6; N, 8-5. C, 9H,,0,N, requires 
C, 74-0; H, 7-5; N, 8-6%), and N-6-phenylethylsuccinimide (1 g.), 
hard prisms from water, m. p. 133—134° (Found : C, 71-1; H, 6-5; 
N, 6-8. ©,,H,,0,N requires C, 70-9; H, 6-5; N,6-9%). Prolonged 
heating favours the production of the imide, the succinamide 
derivative losing a molecule of phenylethylamine. Thus, in a 
second experiment, 6-1 g. of amine and 4°5 g. of ester gave 1-8 g. of 
imide and 1-8 g. of amide when heated for 6 hours at 190°. 


* These, and all other compounds described in this paper, are colourless, 
and their m. p.’s are corrected, except where otherwise stated. 
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Glutarodi-8-phenylethylamide, needles from alcohol, m. p. 159— 
160°, was obtained in 70% yield, no formation of imide being 
detected (Found: C, 74-8; H, 7:7; N, 8-15. C,,H,,0.N, requires 
C, 74:5; H, 7-75; N, 8-3%). 

Adipodi-8-phenylethylamide, needles from alcohol, m. p. 184°, 
yield 66% (Found: C, 74-6; H, 8-1; N, 7-8. C.,H.g0,N, requires 
0, 74-9; H, 8-0; N, 8-0%). 

Pimelodi-8-phenylethylamide, silky matted needles from alcohol or 
benzene, m. p. 147—148°, yield 60% (Found: C, 75-6; H, 8-5; N, 
7:7. Cyg3Hs,0.N, requires C, 75-4; H, 8-3; N, 7-7%). 

Suberodi-8-phenylethylamide, needles from alcohol, m. p. 166°, 
yield 55% (Found: C, 75-7; H, 8-5; N, 7-3. C,H ,,0.N, requires 
C, 75-7; H, 8-5; N, 7-4%). 

Azelaodi-8-phenylethylamide, feathery crystals from alcohol, m. p. 
151°, yield 55% (Found: C, 76-1; H, 86; N, 7-1. C,;H,,0,N, 
requires C, 76-1; H, 8-7; N, 7-1%). 

Sebacodi-8-phenylethylamide, needles from alcohol, m. p. 159°, 
yield 60% (Found : C, 76-5; H, 9-0. C,gH3;,0,N, requires C, 76-4; 
H, 8-9%). 

Nonane-1 : 9-dicarboxydi-8-phenylethylamide, from ethyl nonane- 
1 : 9-dicarboxylate (b. p. 184°/14 mm.), short needles from alcohol, 
m. p. 151—152° (Found: N, 6-6. C,,H,,0,N, requires N, 6-6%). 

Decane-1 : 10-dicarboxydi-8-phenylethylamide, from ethyl decane- 
1: 10-dicarboxylate (b. p. 192—193°/14 mm.), needles from alcohol, 
m. p. 157°, yield 50% (Found: N, 6-5. C,gH, 9O,N. requires N, 
6-4%). 

Oxalodi-8-veratrylethylamide, fine needles from alcohol, m. p. 
173—174° ; yield theoretical (Found : C, 63-2; H, 7-0. C..H,,0O,N, 
requires C, 63-4; H, 6-8%). 

Malonodi-$-veratrylethylamide could not be isolated in the pure 
state. 

Succin-amide and -imide. §-Veratrylethylamine (17-1 g.) and ethyl 
succinate (8-2 g.) heated for 4 hours at 180—190° gave a crystalline 
product (13 g.), which boiling water partly separated into an insoluble 
portion (7-8 g.; m. p. 168—170°) and a soluble fraction (4-55 g.; 
m. p. 124—128°). Crystallisation of the former gave succinodi-8- 
veratrylethylamide, needles from alcohol, m. p. 174—175° (Found : C, 
65-0; H, 7-5; N, 6-2. C,,H,.O,N, requires C, 64:8; H, 7:3; N, 
6-3°%); and repeated crystallisation of the water-soluble fraction 
was necessary for the purification of N-§-veratrylethylsuccinimide, 
hard crystals from alcohol or benzene, m. p. 129° (Found : C, 63-8; 
H, 6-3. C,,H,,0,N requires C, 63-8; H, 65%). 

Glutarodi-8-veratrylethylamide, felted needles from benzene, or 
hard crystals from a little alcohol, m. p. 131°, yield 74% (Found : 

3y¥2 
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C, 65-6; H, 7-7; N,6-0. ©,;H,,0,N, requires C, 65-5; H, 7-5; N, 
6-1%); soluble in cold alcohol, about 1 g. in 40 c.c., and sparingly 
soluble in ether. 

Adipodi-8-veratrylethylamide, needles from alcohol; m. p. 169°, 
yield 81-6% (Found : C, 65-8; H, 7-8; N,5-9. C,,H,,0,N, requires 
C, 66-1; H, 7-7; N, 5-9%); soluble in cold aleohol, about 1 g. in 
300 c.c. 

Pimelodi-8-veratrylethylamide, short needles from alcohol, m. p. 
143—144°; yield 67% (Found: C, 66-5; H, 8-1. C,,H3,0,N, 
requires C, 66-6; H, 7-9%); solubility in cold aleohol, about 1 g. in 
60 c.c. 

Suberodi--veratrylethylamide, thin needles from alcohol, m. p. 161°, 
yield 61% (Found : C, 67-3; H, 83; N, 5-6. C,,H,,O,N, requires 
O, 67-2; H, 8-1; N, 5-6%); solubility in cold alcohol, about 1 g. in 
160 c.c. 

Azelaodi-8-veratrylethylamide, needles, m. p. 148—149°, yield 65°, 
(Found : C, 67-6; H, 8-5; N, 5-45. C,9H,.0O,N, requires C, 67-6; 
H, 8-2; N, 5-4%); solubility in cold alcohol, 1 g. in 120 c.c. 

Sebacodi-8-veratrylethylamide, m. p. 156°, yield 65° (Found: (, 
68-4; H, 8-7; N, 5-3. C3 ,H,,0O,N, requires C, 68-1; H, 8-4; N, 
53%); solubility in cold alcohol, about 1 g. in 250 c.c. 

Nonane-1 : 9-dicarboxydi-8-veratrylethylamide, feathery needles 
from alcohol-ether, m. p. 152—153° (Found: C, 68-5; H, 8:8. 
C3,H,,0,N, requires C, 68-6; H, 8-55%), readily soluble in alcohol. 

Decane-1 : 10-dicarboxydi-B-veratrylethylamide, needles from aico- 
hol, m. p. 155—156°, yield 55% (Found: C, 69-0; H, 9:0; N, 
5-0. C,,H,,0,N, requires C, 69-0; H, 8-7; N, 50%). 

Adipodi-8-piperonylethylamide formed plates from glacial acetic 
acid, m. p. 208° (Found: C, 65-2; H,; 6-7;'N, 6-6. C,,H,,0,N, 
requires C, 65-4; H, 6-4; N, 6-4%), very sparingly soluble in alcoho! 
or benzene. 

«3-Bis-(6 : 7-dimethoxy-3 : 4-dihydroisoquinolyl-1-)butane.—Adipo- 
di-8-veratrylethylamide (5 g.) in dry toluene (50 c.c.) and freshly 
distilled phosphorus oxychloride (15 c.c.) were boiled gently under 
reflux for 1 hour. Hydrogen chloride was evolved and a granular 
yellow deposit of the phosphate of the base separated. After cooling, 
the toluene was decanted off, and the residue washed with light 
petroleum and dried; it was then dissolved in 80—100 c.c. of 
alcohol and basified with 20% aqueous sodium hydroxide. On the 
addition of water, the free base (4-1 g.) separated as a mass of felted 
needles; yield 89%. 

a8-Bis-(6 : 7-dimethoxy-3 : 4-dihydroisoquinolyl-1-)butane separated 
from 70—100 times its weight of dry ethyl acetate in hard needles, 
m. p. 172—173°, and from alcohol or benzene in felted needles 
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(Found: C, 71-6, 71-8; H, 7-6, 7:7. CygH,,0,N, requires C, 71-5; 
H, 74%). It is insoluble in water or light petroleum, very readily 
sluble in chloroform, but sparingly soluble in ether. The hydro- 
chloride crystallises from water in hydrated rhombs which soften 
between 90° and 100°. The anhydrous salt had m. p. 263-—264° 
(decomp.) (Found, in air-dried salt : loss at 120°, 22-1, 22-1; C, 
47-6; H;'7-9.. CygH s0,N,,2HC1L8H,O requires loss, 22-1; C, 47-7; 
H, 76%. Found, in salt dried at 120°: C, 61-0; H, 6-9; Cl, 13-8. 
(,gHgg0,Ns;2HCl requires C, 61-2; H, 6-7; Cl, 13-9%). The 
hydriodide is sparingly soluble in water, from which it crystallises 
in pale yellow anhydrous needles, m. p. 260—261° (decomp.) 
(Found: C, 45-1; H, 5-1; I, 36-6. C,,H,.0,N,,2HI requires C, 
451; H, 50; I, 36-7%). The hydrogen sulphate separates from 
aqueous aleohol as a microcrystalline powder, m. p. 255—260° 
(decomp.), easily soluble in water (Found : SQ,, 29-8. . 
CygH320,N5,2H SO, 

requires SO,, 30-4%).. The succinate crystallises from alcohol in 
plates, m. p. 202—-203° (decomp.). It is soluble in twice its weight 
of water at the ordinary temperature, giving a solution neutral to 
litmus; soluble in hot alcohol, sparingly soluble in cold alcohol, but 
insoluble in ether (Found: C, 64-8; H, 7-1. CygH,.0,N>,,C,H,0, 
requires C, 64-9; H, 6-9%). 

Dimethiodide. The base was heated under reflux with a large 
excess of methyl iodide for 3 hours, and the crude product recrystal- 
lised from 40—50 times its weight of water, being obtained in long 
pale yellow needles, m. p. 240—241° (decomp.), containing 1H,0, 
which is lost.at 120°, but readily regained by the dried substance 
on exposure to moist air (Found, in air-dried salt : loss at 120°, 2-5; 
C, 45:5; H, 5-7; I, 34:4. C,,H,,0,N,1,,H,O requires loss, 2-4; 
C, 45:5; H, 55; I, 344%. Found, in dried salt: I, 35-0. 
C,,H,,0,N3I, requires I, 35:3%). 

«8-Bis-(6 : 7-dimethoxytetrahydroisoquinolyl-1-)butane.—The  fore- 
going dihydroisoquinoline base (5 g.), alcohol (25 ¢,c.), concentrated 
hydrochloric acid (25 e.c.), and tin-foil (12 g.) were heated under 
reflux for 24 hours with a further addition of hydrochloric acid after 
16 hours. After dilution of the solution, and removal of tin as 
sulphide, the filtrate was evaporated to dryness under reduced 
pressure and the residue crystallised from 100 c.c. of water, giving 
3-1 g. of a crystalline hydrochloride. The air-dried salt attained 
constant weight only after several days and then appeared to contain 
1H,0. After drying at 120°, it had m. p. 268—270° (decomp.) 
(Found : loss at 120°, 3-3; C, 58-2; H, 8-1; Cl, 13-3. 

C,,H,,0,N.,2HC1,H,O 
requires loss, 3-4; C, 58-6; H, 7-7; Cl, 13-3%). 
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The base, «d-bis-(6 : 7-dimethoxytetrahydroisoquinolyl-1-)butane, 
crystallised from ethyl acetate in rosettes of minute needles, m. p. 
127°, insoluble in water (Found : C, 70-2; H, 8-3; N, 6-5. C.¢H3,0,N, 
requires C, 70-9; H, 8-2; N, 64%). The lactate is precipitated 
from alcoholic solution by ether as a microcrystalline powder, m. p. 
212—213° (decomp.) (Found : C, 61-7; H,7-9. C,.H3,0,N,,2C,H,0, 
requires C, 61-9; H, 7-8%); this salt is soluble in twice its weight 
of water at the ordinary temperature, giving a solution neutral to 
litmus, and is slightly soluble in alcohol, but insoluble in ether. 

a3-Bis-(6 : 7-dimethoxy-2-methylietrahydroisoquinolyl-1-)butane.— 
The above dimethiodide (35 g.) in hot water (1 1.) was digested with 
silver chloride from 40 g. of silver nitrate, and the solution evapor-. 
ated to dryness under diminished pressure. This product, with 
alcohol (150 ¢.c.) and concentrated hydrochloric acid (200 c.c.), was 
digested with tin-foil (40 g.) for 7 hours. After removal of tin as 
sulphide, the filtrate was concentrated, basified with ammonia, 
and extracted with ether. This left a nearly colourless varnish 
(20 g.), which slowly crystallised when moistened with acetone. 
This product melted at about 84—90° to a turbid liquid which 
became clear about 103°; it gave satisfactory figures on analysis 
(Found: C, 71:5; H, 8-7%), and was doubtless a mixture of 
stereoisomerides. It was mixed with oxalic acid (10 g.) in hot 
alcohol (100 c.c.) and kept; the acid oxalate which separated was 
collected, boiled with water (100 c.c.), and kept. An acid oxalate 
(7-5 g., m. px 232°) was deposited, and a further quantity of 1-7 ¢. 
of the same m. p. was recovered from the mother-liquors. After 
treatment with sodium hydroxide and extraction in ether, this 
gave ad-bis-(6 : 7-dimethory-2-methyltetrahydroisoquinolyl-1-)butane 
(4-0 g.; m. p. 105°), which erystallises from alcohol in elongated 
prisms, m. p. 108—109°, and is insoluble in water but readily 
soluble in hot alcohol (Found: C, 71:9; H, 8-7. C,gH,.0,N, 
requires C, 71-7; H, 8-6%). 

The hydrochloride separates from alcohol in minute needles, m. p. 
244—245°, soluble in two parts of water at the ordinary temperature, 
giving a neutral solution (Found, in salt dried at 100°: C, 61-4; 
H, 8-2. C,H, ,0,N,,2HCl requires C, 62-1; H, .7-8%). The 
hydriodide and acid oxalate are sparingly soluble in water. The 
mother-liquors from the crystallisation of the acid oxalates in the 
above preparation were basified and extracted with ether. This 
left an oil which slowly crystallised, m. p. about 85—88°, and was 
doubtless a stereoisomeride of the base of m. p. 108—109°, but 
attempts to purify it were unsuccessful owing to its ready solubility. 

ae-Bis-(6 : 7-dimethoxy-3 : 4-dihydroisoquinolyl-l-)pentane was 
prepared from pimelodi-f-veratrylethylamide in the same way as theg 
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butane analogue (p. 2016), except that the crude base did not 
crystallise. It was collected by means of chloroform, and con- 
verted through the hydrochloride and potassium iodide into the 
hydriodide ; yield 83%. The base crystallised from benzene-light 
petroleum in rosettes, m. p. 57—58°. It is soluble in the usual 
media, with the exception of water and light petroleum. It is 
somewhat unstable and tends to decompose to a non-basic resinous 
material. 

The hydrochloride crystallises from 90% alcohol as a micro- 
crystalline powder, m. p. 235—236° (eff.), soluble in five parts of 
cold water, very slightly soluble in absolute alcohol, and insoluble 
in acetone (Found, in air-dried salt : loss at 120°, 3-6. 

C,,H,,0,N,,2HCl,H,O 
requires loss, 3-3. Found, in dried salt : C, 61-6; H, 7-2. 
C.,H,,0,N,,2HCl 
requires C, 61-9; H, 6-9%). The hydriodide separates from 40 times 
its weight of methyl alcohol in hard, pale yellow crystals, m. p. 
220—222° (decomp.) (Found : C, 46-0; H, 5-4; I, 35-95. 
C,,H,,0,N.,2HI 
requires C, 45-9; H, 5-1; I, 35-9%). The hydrogen tartrate separates 
as a microcrystalline powder, m. p. 189—190° (eff.), when 10% 
alcoholic solutions of the base and the acid are mixed, and this 
procedure is a convenient method of purifying this base; this 
salt is readily soluble in water, giving a solution acid to litmus, and 
is sparingly soluble in alcohol (Found : C, 56-0; H, 6-4. 
C,,H,,0,N,,2C,H,0, 
requires C, 56-0; H, 6-2%). 

Dimethiodide. The crude base was heated under reflux with an 
excess of methyl iodide for 5 hours; the crude dimethiodide was 
recrystallised twice from methyl alcohol, and formed large yellow 
crystals containing methyl alcohol of crystallisation, which was lost 
rapidly at 100°, or gradually on keeping; m. p. of dried salt, 236— 
237° (decomp.) (Found : loss at 100°, 9-88. 

C.,H,,0,N,,2CH,1,23CH,°OH 


* requires loss, 9-83. Found, in dried salt: I, 34-6. 


Cy,H,,0,N,,2CHs1 

requires I, 34-6%). 

ac-Bis-(6 : 7-dimethoxytetrahydroisoquinolyl-1-)pentane.—5 G. of 
he foregoing dihydroisoquinoline base were dissolved in alcohol 
(20 c.c.) and heated under reflux for 24 hours with concentrated 
hydrochloric acid (20 c.c.) and tin-foil (12 g.). Further additions 
‘Gof hydrochloric acid were made after 5 and after 20 hours. The 
wlution was diluted, and tin was removed as sulphide. The 
filtrate was evaporated to dryness and gave a crystalline hydro- 
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chloride (4°8 g.), which was recrystallised from alcohol-ether and 
obtained as a crystalline powder, m. p. 225—227°, readily soluble 
in water (1 part in 4 parts) to a neutral solution, and fairly readily 
soluble in alcohol (Found, in salt dried at 100° : Cl, 13-3. C,,H,,0,N, 
requires Cl, 13-5%). 

a-Bis-(6 : 7-dimethory-3 : 4-dihydroisoquinolyl-1-)octane was pre- 
pared from sebacodi-8-veratrylethylamide in the same way as the 
butane analogue (p. 2016); yield 85%. It crystallises from 25 parts 
of ethyl acetate in needles, m. p. 116°, insoluble in water but soluble 
in the usual organic solvents except light petroleum (Found: (C, 
72:9; H, 8-4. Cy, 9H,,0,N, requires C, 73-1; H, 8-2%). 

The hydrochloride crystallises from 90°, alcohol in small needles, 
m. p. 172° (eff.), containing 1H,O. The anhydrous salt has m. p. 
208—210° (decomp.), is soluble in 5 parts of cold water, giving.a 
solution neutral to litmus, and is sparingly soluble in alcohol (Found : 
loss at 120°, 3-1. Cy9H, 9O,N,,2HC1,H,O requires loss, 3-1. Found, 
in dried salt: Cl, 12-6. C3 9H, .0,N,,2HCI requires Cl, 12-59%). 
The hydriodide formed orange needles from water, m. p. 208—209° 
(eff.) (Found: C, 48-0; H, 6-0; I, 33-9. C,H, 90,N,,2HI requires 
C, 48-1; H, 5-7; I, 33-9%) ; and the succinate separated from alcohol 
as a microcrystalline powder, m. p. 187°, soluble in 80 parts of cold 
water, giving a solution neutral to litmus and having a slight green 
fluorescence (Found, by titration to phenolphthalein: C,H,0,, 
19-3, 19-5. C59HyO,N,,C,H,O, requires C,H,O,, 19-3°%). 

a3-Bis-(6 x’7-methylenedioxy-3 : 4-dihydroisoquinolyl-1-)butane was 
prepared from adipodi-f8-piperonylethylamide in the same way as the 
dimethoxy-analogue; yield, 87% of crude base, m. p. 197—201° 
(decomp.). After crystallisation from benzene or from 200 parts of 
alcohol it formed minute needles, m. p. 210—211°, sparingly soluble 
in the usual solvents (Found: C, 71:0; H, 6-1. C,,H,,0,N, 
requires C, 71-25; H, 6-0%). 

The hydrochloride crystallises from water (20 parts) in cream- 
coloured needles containing 2H,O, m. p. 270° (decomp.) (Found: 
loss at 120°, 7-2. C,,H,,0,N.,2HCI,2H,O requires loss, 7-0%) ; the 
hydriodide crystallises from water (100 parts) in golden-yellow 
crystals, m. p. 277—280° (decomp.) (Found : 1, 38-4. C,,H,,0,N,,2HI 
requires I, 38-5%). The dimethiodide, prepared by heating the base 
for 5 hours under reflux with excess of methyl iodide, crystallised 
from water (100 parts) in yellow needles, m. p. 285—287° (decomp.) 
(Found: C, 45-5; H, 4-5. C,,H,,0,N,,2CH,I requires C, 45:3; 
H, 4:4%). 

Action of Phosphorus Oxychloride upon Glutarodi-8-veratrylethyl- 
amide.—The amide was treated with phosphorus oxychloride for 
various periods, but even under the most favourable conditions 
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upwards of 50% was converted into non-crystallisable resinous 
material, which appears to result from decomposition of the products 
primarily formed (see below); consequently prolonged heating 
with phosphorus oxychloride is to be avoided. 

Glutarodi-8-veratrylethylamide (10 g.) in toluene (100 c.c.) was 
heated gently under reflux for 30 minutes with phosphorus oxy- 
chloride (30 c.c.). No deposit of phosphate was formed, so the 
product was mixed with light petroleum, which precipitated a 
resinous material. After removal of the liquor by decantation, the 
residue was dissolved in water (100 ¢.c.) and the solution filtered. 
Sodium iodide (12 g.) in water (20 ¢.c.) was added, and after 1 hour 
the supernatant aqueous liquor was decanted from: the sticky 
precipitate, which was triturated with 20 c.c. of cold methyl alcohol 
and filtered, leaving a granular, nearly colourless residue. 30 G. of 
the amide treated in this way gave 14-05 g. of solid hydriodide and 
the methyl-alcoholic filtrates on evaporation gave a resin (21 g.). 
The sparingly soluble material (14-05 g.) was extracted (Extract E) 
with 100 c.c. of hot (not boiling) methyl alcohol, leaving a residue 
(10-2 g.; m. p. 238°). This was recrystallised from boiling methyl 
alcohol (solubility, 1 g. in 120 ¢.c.) and obtained in cream-coloured 
plates, m. p. 239—240° (Found: C, 54-4, 54:3; H, 6-1, 6-0; I, 
23-1; N, 5-05. C,;H,,0,N,I requires C, 54-4; H, 5-7; I, 23-1; N, 
51%). This hydriodide (? VI) can be extracted from aqueous 
solution by means of chloroform. When digested with silver chloride 
in boiling water, it yields the hydrochloride, which is precipitated 
from alcohol by ether as a colourless microcrystalline powder, m. p. 
199—200°, readily soluble in water, giving a solution neutral: to 
litmus, and soluble in 5 parts of cold alcohol, but insoluble in ether 
(Found: C, 64:7; H, 7-2; N, 6-0. ©,;Hs,0,N,,HCl requires C, 
65-4; H, 6-8; N, 6-1%). The hydrochloride darkens in colour on 
drying at 100° or on keeping. The aqueous solution gives with 
sodium hydroxide an insoluble base (m. p. about 103°), which is 
unstable and is rapidly converted in air to a brown resin, especially 
in alcoholic or ethyl acetate solution. 

The methyl-alcoholic extract (E) deposited, on cooling, a hydriodide 
(1-45 g.) in yellow crystals which, when recrystallised from 30 c.c. 
of methyl alcohol, had m. p. 203—204° (Found : C, 52:3; H, 6-3; I, 
22-0. C,;H,.0;N,,HI requires C, 52-8; H, 5-9; I, 22-3%). 

RESEARCH LABORATORIES, Messrs. Boots Pure Drue Co., LTD., 

NOTTINGHAM, [Received, July 20th, 1929.] 
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CCLXIV.—The Modes of Addition to Conjugated Un- 
saturated Systems. Part II. The Reduction of 
Conjugated Unsaturated Acids by Metals dissolving 
in Aqueous Media. 


By Harotp Burton and CuristopHER Ketk INGOLD. 


In Part I of this series (J., 1928, 904) dealing with conjugative 
additions, we classified addenda into three categories according to 
whether (Case 1) both parts are stable as anions (e.g., Br,), (Case 2) 
one part is stable as an anion and the other as a kation (e.g., HBr, 
HCN), or (Case 3) both parts are stable as kations (e.g., H,); and 
we included in the paper a detailed discussion of part of the field 
relating to Cases (1) and (2). The present paper contains a partial 
survey of the portion of the subject represented by Case (3). 

Our immediate object is to consider the reduction of conjugated 
unsaturated compounds by metals dissolving in aqueous (or alcoholic) 
media, but it is necessary first briefly to refer to reduction by such 
agents in a more general way. 

The view that hydrogen generated at the surface of a metal is 
in a chemically distinct (‘‘ nascent ’’) form is widely held, and the 
established fact that changes in chemical and physical conditions 
alter the manifestation of reducing power does not, of course, dispose 
of this chemical theory, since the activity of a reactive entity 
formed at a surface will naturally depend on its immediate environ- 
ment. The theory has, however, for a long time been closely linked 
with the idea that the active form consists of uncombined hydrogen 
atoms,* and this, we presume, would imply that the simplest 
reductions at olefinic or other double linkings involve the successive 
addition of two hydrogen atoms. This view will not be pursued 
here, for we do not find that it leads to a satisfactory theory of the 
reduction of organic compounds generally. We shall assume a three- 
stage process which may be described for the olefinic linking as follows: 

(i) The unsaturated molecule, polarised in the electric field at 
the surface of the metal, extracts a proton from the aqueous or 
alcoholic solution; this proton becomes attached to that atom (C.) 
which most readily tolerates the negative polarisation charge 
developed prior to co-ordination : 


c™. sd ® ® 
Cg-—C,—_>X + H = Cs—CH—X. 
It seems best to regard this process as reversible, and as almost 


* The same view is reflected in its application to electrolytic reduction 
(compare, for instance, Allmand and Ellingham, ‘‘ Applied Electro-chemistry,” 
1924, pp. 96, 99). 
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entirely dependent for its left-to-right progress on a speedy meta- 
morphosis of the unstable complex kation. 

(ii) The kation possesses an electron-sextet at Cg and its electron- 
affinity exerted in the region of the metallic surface locally breaks 
down—temporarily punctures, as it were—the electrostatic potential 
barrier inhibiting the escape of metallic electrons. The successive 
absorption of the two electrons necessary to complete the octet 


converts * the kation into an anion €,—C,H—X. 

(iii) The anion extracts a second proton from the solution, giving 
CgH-C.H-X. 

Consideration of stage (i) shows that this picture of the process 
offers an immediate explanation: of the well-known fact that the 
only aliphatic olefinic acids which are reducible by metals in aqueous 
media are the «$-unsaturated acids. We see, further, that the 
possession of this structure is but one of the ways in which an 
olefinic substance can satisfy the more general theoretical require- 
ment that for facile reduction at least one ethenoid carbon atom 
must be attached to an electron-sink.t By an electron-sink we 
mean either an electron-attractor, the permanent state of polarisation 
of which confers on the adjoining carbon atom an affinity for a 
negative charge, or a charge-distributing mechanism, the polaris- 
ability of which endows the carbon atom with a toleration for such a 
charge, or a group which acts in both ways. It is necessary, in 
short, to envisage the operation of both the inductive and tautomeric 
effects, and the category of facilitating groups is thus the same as 
that which confers prototropic mobility on the CH-C:C system 
(Ingold, Ann. Reports, 1927, 24, 106; 1928, 25, 118). A note- 
worthy point is that the aryl group must be added to the usual 
series of electron-absorbing radicals of the type of carboxyl and 
carbonyl (compare Ingold and Shoppee, this vol., pp. 447, 1199), and 
this agrees with the facile reduction, not only of «$-unsaturated 
acids, ketones, etc., but also of «8-unsaturated aromatic compounds 
such as styrene, stilbene, indene, benzylidenefluorene, and numerous 
substances of similar type. The above considerations leave un- 
touched the question whether those groups, which can in themselves 
provide a seat for the negative charge, act in this way, as an indirect 
route for the entrance of the first hydrogen : it can at least be said 

* Sometimes the “‘ puncture ’’ may “ heal ”’ after the escape of one electron ; 
the product will then be a radical from which a pinacol-like polymeride would 
normally be formed. 

+t This definition may be too narrow: possibly it should be widened by 
the inclusion of the condition that one ethenoid carbon atom should bear a 
strongly electron-releasing or -repelling group (electron-source), in which case 
reaction would commence at the other ethenoid carbon, or at a distant point 
in the case of conjugated systems (compare p. 2025, footnote). 
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that, in the analogous problem which arises in connexion with the 
internal facilitation of prototropy, the answer appears to be an 
affirmative (Part I, loc. cit.). 

At the conclusion of stage (ii), which is regarded as an almost 
immediate sequel to the first stage, negative hydrogen (H’,2e) has 
been added to the double linking. We now perceive a close analogy 
with the halogen additions discussed in Part I; for just as in these 
additions unstable positive halogen first unites, leaving the ordinary 
halide ion to combine later, so, according to this hypothesis of 
reduction, unstable negative hydrogen is first added on, leaving the 
ordinary positive hydrogen ion to unite later. The advantage of 
this analogy is that it persists in the subsequent pursuit of the theory 
in relation to stage (iii), and especially to the complications which 
affect this stage in the reduction of conjugated unsaturated com- 
pounds. We find, indeed, that, just as the course followed by the 
addition of halogens to conjugated olefinic systems bearing electron- 
releasing groups can be correlated with the principles of anionotropy 
(see Part I, loc. cit.), so also the course of addition of hydrogen to 
conjugated unsaturated systems bearing electron-absorbing groups 
can be correlated with the principles of prototropy; for in con- 
jugated compounds stage (iii) represents the final union of the ions 
of a prototropic system (three-carbon in the case of butadiene 


~v\ fe 
R-CH—CH—CH-CH,°X 
_—_—_—ee 


tt 


ee 

get eee IF UR-CH,-CH:CH-CH,-X (1:4) 
derivatives), and the proportion in which the products will appear 
should therefore depend on the distribution of the charge in the 
electromeric anion, as determined by the relative degrees of electron- 
absorption of the groups (R, CH,X) terminating the system (Ingold, 
loc. cit.; Ingold and Shoppee, loc. cit.). As in the case discussed in 
Part I, the correlation leads to a simple and definite theory of the 
course of addition. It remains now to be seen to what extent its 
consequences accord with established fact. 

Two extreme cases may first be considered on account of their 
simplicity. In the first place any butadiene, hexatriene, or octa- 
tetraene, etc., which is terminated at both ends by electron-absorbing 
groups (e.g., CO,H, Ph) and is otherwise free from such groups, will 
add hydrogen terminally; because the anionic charge, the location 
of which controls stage (iii), will be stabilised terminally. Well- 
established illustrations are available on the exclusive 1 : 4-reduction 
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of muconic acid, A**-dihydroterephthalic acid, cinnamylidene- 
acetic acid, cinnamylidenemalonic acid, «3-diphenylbutadiene, and 
naphthalene; examples of the terminal reduction of longer un- 
saturated chains are available in the 1 : 6-reduction of «¢-diphenyl- 
hexatriene, the 1 : 8-reduction of «6-diphenyloctatetraene, and the 
1: 10-reduction of «x-diphenyldecapentaene (Kuhn and Winterstein, 
Helv. Chim. Acta, 1928,11, 123). We know of no exception to this 
general rule. It is interesting to observe, by comparison with Part I, 
the difference between the theoretical requirements regarding the 
addition of bromine and hydrogen to «3-diphenylbutadiene, and the 
agreement, in each case, of observation with these requirements. 

It is an equally definite consequence of the theory that any 
butadiene which bears two groups of the type considered in the 
1: 2-positions and is otherwise free from such groups will add 
hydrogen in the 1 : 2-positions. A similar rule can be formulated 
for variously substituted hexatrienes and octatetraenes, but we 
know of no investigation bearing on the point, which thus awaits 
future experimental test.* 

Our own investigation has been concerned with cases, lying 
between these two extremes, for which the theory predicts a mixture 
of dihydro-isomerides and gives some indication of the proportions 
to be expected. This group of conjugated unsaturated compounds 
includes most of the simpler alkyl derivatives of vinylacrylic acid. 
Prior to the commencement of the work the reduction of several of 
these acids had been investigated, but the general conclusion 
reached, viz., that the products were in all cases those of 1 : 4- 
addition, was strongly at variance with expectation based on theory. 
The following is a tabular summary of the work referred to, the 
reducing agent in every case being sodium amalgam. 

Acid reduced. Medium. Addition. Authors. 
Vinylacrylic Acid; alkaline ms - 
Sorbic 53 1: F., R. 
a-Methylsorbiec Acid 3 ‘ 
a-Ethylsorbic é3 l: 
y-Methylsorbic 4s es 
88-Dimethylsorbie Acid; alkaline 1 

T = Thiele and Jehl, Ber., 1902, 35, 2320. 
F = Fittig and others, Annalen, 1872, 161, 309; 1880, 200, 42; 1894, 283, 117. 
R = Rupe, ibid., 1902, 327, 115. 


L = Rupe and Lotz, ibid., 1909, 369, 348. 
A = Auwers and Heyna, ibid., 1923, 434, 140. 


* Pending an investigation indicated below, we are prepared, for reasons 
already given (Part I; Ingold, Ann. Reports, 1928, 152; Burton and Ingold, 
Proc. Leeds Phil. Soc., 1929, 1, ix, 421), also to entertain the view that phenyl 
may act in the manner indicated in the footnote on p. 2023. The alternative 
has no practical consequences regarding any of the examples of orientation 
quoted in the text; but it has for certain alphyl derivatives of a-phenyl- 
butadiene, the reduction of which it is proposed to re-examine. 


9° 
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The acids which we have examined include three from the above 
list. Whilst this work, which aimed at quantitative estimation 
of the dihydro-isomerides, was still in progress,* Evans and Farmer 
(J., 1928, 1644) and Goldberg and Linstead (ibid., p. 2343) independ- 
ently established the presence of a large proportion of the 1 : 2- 
dihydro-compound in the reduction product of sorbic acid, thus 
providing the first experimental indication that the conclusions 
summarised above require revision. Similarly we find that (with 
a qualification to be mentioned later) vinylacrylic, sorbic, and 
8-methyl- and £8-dimethyl-sorbic acids all give substantial quantities 
of 1 : 2-reduction product. 

We have employed three methods of estimation (measurement 
of refractive index, permanganate oxidation, and ozonolysis, 
standardised in each case against synthesised dihydro-compounds), 
which, where they have been applied to the same reduction product, 
have given results in close agreement. The following table records 
our estimates of the proportion of 1 : 2-dihydro-isomerides formed 
from the above four acids by sodium amalgam in both acid and 
alkaline media. The reduction of sorbic acid by metals other than 
sodium will be referred to later. 


1 : 2-Dihydro-isomeride formed from 





Medium Vinylacrylic Sorbic B-Methyl- f3-Dimethy]- 


(aqueous). acid. acid. sorbic acid. sorbic acid. 
NaHCO, 0% 40%, 28% 38% 
CH,-CO,H ....... os 18 55 ah pa 

It is not difficult to see that these results are in excellent general 
agreement with the theory given, according to which the proportions 
are determined by the relative toleration of Cg and C; for the negative 
charge in an electromeric anion of the type 


Sot om HCO be 


The repulsion of electrons by the groups attached at each end of 
the three-carbon system will decrease, and the absorption of electrons 
by these groups will increase, the toleration of the corresponding 
carbon atom for the anionic charge. In the examples nientioned, 
R,R’, and R” are either H or CH;, and X is CO,H or CO,° according 
as the medium is acid or alkaline. Since all the groups are saturated 
at the point of union with the three-carbon system, their inductive 
effects constitute the primary polar influence; the series has, in 
fact, been chosen so that the tautomeric effect, which in general it 

* A brief outline of the theory here described, and of its application to the 
reduction of sorbic acid, was published at the time (Ingold, Chem. and Ind., 
1928, 47, 269). 
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would be necessary to take into account, does not complicate the 
problem in this preliminary study. In theory, the direct effect 
should also be envisaged ; but since the study of aromatic substitu- 
tion has shown that this is a feeble polar influence, and that, in any 
event, it follows the inductive in sign and magnitude as regards its 
origination, it is legitimate as an approximation to regard its specific 
influence as absorbed in that attributable to the inductive effect. 
A completely general treatment would take count of spatial influences 
in addition, but again the examples under discussion are such that 
these are expected to be negligible. 

The order of inductive electron-repulsion, CH,>H, is well known, 
and the order CH,*CO,° >CH,>CH,°CO,H follows from the known 
electron-attraction of the carboxyl group and electron-repulsion of 
the carboxylate ion. The order CH,*CO,H>H may be inferred 
from the order CH,°CO,Et>H established by the unpublished 
experiments by Dr. F. R. Shaw on the nitration of ethyl phenyl- 
acetate. The complete sequence is therefore 


3 
CH,°CO,>CH,>CH,°CO,H>H. 
It follows immediately that the reduction of vinylacrylic acid in 


acid solution should lead to an excess (CH,°CO,H>H) of the 1 : 4- 
dihydro-derivative (Found : 82%), and that its reduction in alkaline 


solution (CH,-C0,)>>H) should produce a much larger excess 


(Found: 100%). In the reduction product of sorbic acid in acid 
solution (CH,>CH,°CO,H), however, the 1: 2-compound should 
be the major constituent (Found : 55%); but in alkaline solution 


(CH,-CO,> CH,) the 1:4-isomeride should again predominate 
(Found : 60%). Under the same conditions, the 1 : 4-compound 
should predominate more strongly in the reduction product of 
8-methylsorbic acid than in that of sorbic acid (Found : 72%), owing 
to the electron-repulsion of the additional 8-methyl group; but 
the introduction of a 5-methyl group should produce an effect in 
the opposite sense, and in the reduction product of §3-dimethyl- 
sorbic acid the 1 : 4-dihydro-compound should still predominate, 
but less strongly than for the §-methyl acid; in short, the propor- 
tion should lie between 50% and 72% (Found : 62%). 

In the circumstances, we are not disposed to accept as final the 
conclusions of Auwers and Heyna regarding the nature of the 
reduction products of «-methyl-, «-ethyl-, and y-methyl-sorbic acids 
by sodium amalgam in acid solution. We have not revised these 
experiments, but when they are repeated it should be found that 
the proportion of 1 : 2-addition product should not be very different 
from that given by sorbic acid under the same conditions. 

We had intended to include in this communication a quantitative 





2028 . BURTON AND INGOLD: THE MODES OF ADDITION 


study of the reduction of sorbic acid by a variety of metals, ranging 
in the electrochemical series from sodium to tin, in media of increas- 
ing acidity, the object being to vary independently the ease of 
access of electrons and protons to the unsaturated system. Unfort- 
unately, experimental difficulties have so far defeated detailed study 
of several of the most interesting cases, and our results are too 
fragmentary to merit theoretical discussion. The reduction of 
sodium sorbate in neutral and in alkaline aqueous solution with 
aluminium amalgam was successfully carried out, and gave 45°, 
as the proportion of 1 : 2-addition product, that is, a few units °%, 
more than was found for reduction with sodium amalgam. Reduc- 
tion of sorbie acid in mineral acid solutions with zine, tin, and 
stannous ion led to the formation of the caprolactone of Fittig 
and Hjelt (Annalen, 1881, 208, 67). 

y-Caprolactone is known (Fichter and Langguth, ibid., 1900, 313, 
377) to be produced by hydration of the 1 : 2-dihydro-acid. 

Some new synthetic work, relating to certain unsaturated acids 
required for this investigation, is described in the experimental 
section. 

EXPERIMENTAL, 
(1) Preparation of Materials. 

Vinylacrylic Acid.—Malonic acid (300 g.) was dissolved in dry 
pyridine (500 g.), and acraldehyde (150 g.) gradually added to the 
cooled mixture. After standing at 0° for a few hours and at the 
room temperature over-night, the mixture was heated on the steam- 
bath under reflux for 4 hours, poured on crushed ice, acidified with 
hydrochloric acid (Congo-red), and thoroughly extracted. with 
ether. The vinylacrylic acid which crystallised at the ordinary 
temperature from the concentrated ethereal. solution was col- 
lected in fractions until the viscosity of the solution inhibited 
filtration. The liquid was then evaporated in a current of dry air, 
and the viscous residue rapidly distilled in four portions under 
5 mm. pressure; the distillate then crystallised and was drained. 
The crude acid (90 g.) was crystallised from ether-ligroin (1 : 3) 
between the b. p. and 0°. Other preparations were crystallised 
from water between 55° and 15°, a small amount of a white rubber- 
like polymeride (increasing if the preparation suffers undue delay) 
being filtered from the warm solution. The m. p. (74+-76°) was not 
changed by further crystallisation (compare Kohler and Butler, 
J. Amer. Chem. Soc., 1926, 48, 1036) (Found: C, 61-2; H, 6:3. 
Cale.: C, 61:2; H, 6-2%). 

8-Methylsorbic Acid.—Auwers and Heyna state that they were 
unable to obtain this substance by a method identical in principle 
with that described below. 
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A mixture of zinc turnings (66 g.), ethyl bromoacetate (167 g.), 
ethylideneacetone (93 g.), and dry benzene (300 c.c.) was warmed 
on the steam-bath under reflux until a vigorous reaction had been 
initiated. When the initial reaction had subsided, the mixture 
was boiled for 20 minutes and decomposed with ice and dilute 
sulphuric acid. Separation of the benzene layer, followed by 
extraction of the aqueous layer with benzene, evaporation of the 
combined benzene solutions, and distillation gave ethyl 6-hydroxy-8- 
methyl-Av-hexenoate, CHMe:CH*CMe(OH)-CH,:CO,Et, b. p. 89— 
93°/12 mm. (Found : C, 62-75; H, 9-3. C,H,,0, requires C, 62-8; 
H, 9-4%), in 50% yield. 

When the hydroxy-ester was heated with half its weight of finely 
powdered, anhydrous potassium hydrogen sulphate, water was 
diminated, but the formation of a high-boiling product impaired 
the yield of ethyl 8-methylsorbate. It was found better to distil 
the hydroxy-ester (110 g.) directly under ordinary pressure. Ethyl 
-methylsorbate (75 g.) and water passed over below 205°, and a 
less volatile residue remained. Hydrolysis of the ester with an 
excess of 15% alcoholic potassium hydroxide yielded an acid product 
which on analysis gave the correct figures for 6-methylsorbic acid, 
but was obviously a mixture. Crystallisation from the minimum 
quantity of hot alcohol yielded a pure $-methylsorbic acid, 

CHMe:CH-CMe:CH-CO,H 
(28 g.), which separated in either colourless needles or glistening 
plates, m. p. 120° (Found: C, 66-5, 66-55; H, 7-9, 7-9. C,H, 0, 
equires C, 66-65; H, 80%). Dilution of the mother-liquor with 
ce-water gave a crystalline product, m. p. 60—74°, which was 
extremely soluble in the usual solvents (except water), and tended 
0 separate from dilute alcohol as an oil. After many crystallis- 
htions from this solvent, it had m. p. 74—76°, and analysis indicated 
it to be an isomeride of the $-methylsorbie acid described above 
Found : ©, 66-25; H,7-9%). Weare not certain that our specimen 
vas perfectly free from the higher-melting form, as there was 
nsufficient for purification by regeneration from a derivative. The 
8s fusible acid was converted by treatment with thionyl chloride 
ito its chloride, b. p. 94—95°/15 mm., and thence into its amide 
nd anilide; the former crystallised from benzene in prismatic 
heedles, m. p. 147—148° (Found: C, 67-2; H, 8-8. C,H,,ON 
equires C, 67-2; H, 8-8°%), and the latter from alcohol in needles, 

. p. 184—135° (Found: C, 77:3; H, 7-4. C,,H,,ON requires 
, 776; H, 7-5%). 

A8.Pentenoic Acid.—This was prepared in the usual way by 

‘duction of vinylacrylic acid with sodium amalgam in alkaline 
lution, and freed from any trace of an isomeric acid by conversion 
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into its crystalline dibromide, m. p. 64°, and regeneration from the 
fully purified substance by treatment with excess of zinc dust and 
alcohol. 

6-Methyl-Av-hexenoic Acid.—A mixture of ethyl «-bromobutyrate 
(200 g.) and diethylaniline (300 g.) was vigorously boiled under 
reflux for 6 hours, and then crystallised on cooling ; it was thereupon 
treated with rather more than the calculated amount of 15% 
hydrochloric acid, and thoroughly extracted with ether. The 
ethyl crotonate obtained by distillation of the residue from the 
extract was collected at 130—145° (47 g.) and the greater portion 
had b. p. 135—137°. 

Ethyl crotonate (160 g.) was treated below 10° with a solution 
(600 g./l.) of hydrogen bromide in glacial acetic acid. After 18 hours 
the mixture was poured into water, and the heavy oil separated, 
washed with aqueous sodium carbonate, dried, and distilled. A 
volatile fraction (30 g.) was collected, together with ethyl 6-bromo. 
butyrate, b. p. 74—76°/13 mm. (175 g.). 

A solution of ethyl 8-bromobutyrate (142 g.) in alcohol (150 c.c.) 
was gradually added to a well-cooled solution of ethyl sodioaceto. 
acetate prepared from sodium (16-75 g.), absolute alcohol (350 c.c.) 
and ethyl acetoacetate (95 g.). The mixture, after being kept for 
some time at the ordinary temperature, was heated on the steam. 
bath for 4 hours, distilled to remove the bulk of the alcohol, and 
mixed with water. The oil, which was extracted with ether and 
fractionated, yielded a considerable amount of a mixture of ethyl 
crotonate and ethyl acetoacetate, together with 35 g. of ethyl 
a-acetyl-8-methylglutarate, b. p. 148—150°/10 mm. (Found: (, 
59-0; H, 8-5. C,,.H,,0; requires C, 59-0; H, 8-2%). The ester 
gave a violet colour with ferric chloride, and is presumably a mixture 
of the tautomerides CO,Et*CH,-CHMe-CH(CO,Et)-COMe and 
CO,Et-CH,°CHMe-C(CO,Et}:CMe-OH. 

A solution of the ester (60 g.) in alcohol (140 c.c.) and water 
(100 c.c.) was treated at 0° with 1000 g. of 3% sodium amalgam 
and 500 c.c. of water, each added in ten equal portions at intervals 
of 1 hour. Reduction and hydrolysis occurred together, and after 
being kept over-night at the ordinary temperature, the solution 
was separated from the mercury, acidified with dilute sulphuric 
acid, and extracted with ether. Some decomposition with loss of 
carbon dioxide occurred during distillation of the product and was 
completed by heating the distillate, b. p. 160—240°/10—20 mm., 
rapidly to 240° (thermometer in liquid) at the ordinary pressure. 
Distillation then commenced, and the product, which passed over 
below 320°, was distilled in steam, and the distillate made alkaline 
with sodium hydrogen carbonate, and extracted with ether to remove 
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any lactone. 8-Methyl-Av-hexenoic acid, CHMe:CH-CHMe-CH,°CO,H, 
was obtained from the acidified solution by extraction with ether as 
an oil, b. p. 103—105°/9 mm. (Found : C, 65:3; H, 8-8. C,H,,0, 
requires C, 65-6; H, 9-4%). On ozonolysis it gave methylsuccinic 
acid in excellent yield, but since the unsaturated acid, unlike its 
analogues, became slightly coloured on keeping, the specimen must 
have contained some small amount of impurity which distillation 
did not remove. 

Other Materials —The other acids utilised in the work were all 
prepared by recorded methods, excepting sorbic acid, a pure specimen 
of which, purchased from T. Schuchardt, G.m.b.H., was used 
throughout. An attempt to exploit the synthesis described in the 
preceding section for the preparation of {3-dimethyl-Ay-hexenoic 
acid by replacing the reduction stage by a Grignard reaction between 
the ketonic ester and magnesium methyl iodide failed—we believe 
because the enolic form of the ester decomposed the Grignard reagent. 


(2) Preparation and Analysis of the Reduction Products. 


Preparation.—In order to obtain trustworthy analytical results 
it was necessary to ensure that the mixtures of 1: 2- and 1: 4- 
dihydro-compounds resulting from reduction should be free from 
other substances. The separation by distillation of small amounts 
of pinacol-like reduction products, or polymerides of high molecular 
weight, when these were present, gave no difficulty. Partial 
reduction to saturated acids was not contemplated as a serious 
possibility, since @y- and y8-unsaturated acids are known to resist 
the action of the reducing agents we employed; furthermore, 
4y-unsaturated acids are not isomerised to their readily reducible 
23-unsaturated isomerides in sodium hydrogen carbonate, the most 
alkaline solutions used in our reductions. Undetected contamination 
by small amounts of unconverted diolefinic acid was, however, a 
danger which required special attention. Although the dihydro- 
compounds boil only about 10° lower than the diolefinic acids 
from which they are derived, it was found possible to effect quantita- 
tive removal of the latter substances by distillation under reduced 
pressure provided that certain conditions were satisfied, viz., (1) 
that the heating be conducted with a liquid bath kept at approxi- 
mately the b. p. of the diolefinic acid under the pressure used, (2) 
that the distillation proceed slowly (about 2 drops per minute), 
(3) that an adequate column (sealed to the flask) be employed, and 
(4) that the pressure be steady. The following are some illustrative 
tests. 

Ay-Hexenoic acid (10-0 g.) and sorbic acid (0-2 g.) were distilled 
together at 16 mm. under the conditions stated; the distillate 
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weighed 9-85 g. and the sorbic acid, which crystallised on the sides 
of the flask but not in the column, was almost completely recovered, 
Av-Hexenoic acid (10-0 g.), sorbic acid (0-2 g.), and 2-5 g. of a 
“* bimolecular product ”’ (Section 3), obtained as a residue in a large. 
scale reduction of sorbic acid, were similarly distilled; the result 
was as before except that only part of the sorbic acid crystallised 
on the sides of the flask, part presumably remaining dissolved in the 
non-volatile bimolecular product at the bottom. Contamination 
by 2% of unreduced material could in general be detected with 
certainty, excepting that, in the case of the reduction product of 
vinylacrylic acid, the slow distillation was found to polymerise 
this acid to a non-volatile rubber which was thus automatically 
removed. A second distillation was usually carried out as an 
additional precaution. Reduction products in which any unaltered 
material was detected were either set aside or subjected to further 
action by the reducing agent. Too prolonged treatment, or treat- 
ment with an excessive quantity of reducing agent was, however, 
detrimental, and some of the products had to be discarded from 
this cause also. Apparently some form of polymerisation was 
induced: the prepared reduction’ products developed a haze on 
keeping, and in extreme cases of over-reduction the yield was 
impaired by the formation of high-boiling material. 

Analysis.—(a) Refractive indices. The measurements were made 
with a Pulfrich instrument, using the green line of the mercury arc 
and an auxiliary slit to increase the accuracy of setting. The drum 
of the instrument was used as is customary in measurements of 
dispersion, so that the differences between the observed indices 
are more accurate than their absolute values. The reduction 
products and corresponding synthetic isomerides were measured 
rapidly one after another at the same temperature. 

(b) Oxidation with permanganate. Estimation of the succinic 
acid formed by oxidation with permanganate was employed only 
for the reduction products of sorbic: acid, since the correction for 
incomplete formation of succinic acid from the Ay-isomeride was 
too great in the other cases. Even for Ay-hexenoic acid the per- 
centage conversion was not high, but it was constant (68%) and, 
under the standard conditions used throughout, could at any time 
be reproduced to within 2%. Extraction of the succinic acid with 
organic solvents was quantitatively unsatisfactory, since the material 
thus obtained, after drying to constant weight, was contaminated 
with oxalic acid and small amounts of a coloured oil, and therefore 
could not be weighed as pure succinic acid without further treat- 
ment involving losses. A separation of the acid products through 
their barium salts was finally resorted to. 
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The acid, or mixture of acids, to be examined (2—3 g.) was dis- 
solved in the calculated amount of standard potassium hydroxide 
and the solution diluted to 1 1., and mechanically stirred at the 
ordinary temperature whilst a 3% solution of potassium perman- 
ganate, equivalent to 7 atoms of available oxygen, was delivered 
from a dropping funnel at an approximately constant rate during 
7 hours. The mixture was stirred for a further 16 hours, and the 
excess of permanganate destroyed by the addition of aqueous 
formaldehyde. The oxides of manganese were filtered off and 
repeatedly extracted with boiling water, and the combined filtrates 
were evaporated to a small bulk, filtered from a small further 
precipitate of manganese oxides, acidified (Congo-red) with hydro- 
chlorie acid whilst still hot, and boiled to expel carbon dioxide. 
The solution was then neutralised (phenolphthalein) with carbonate- 
free, pure sodium hydroxide, and treated with a solution of barium 
chloride (15—20 g.) in the minimum quantity of boiling water. 
The mixture was boiled for 30 minutes, and the crystalline precipi- 
tate collected (Gooch), washed with sufficient boiling water to 
make the total volume of the filtrate 100 c.c., and dried to constant 
weight at 120°.. The mixture of barium succinate and oxalate was 
washed with 50% acetic acid (50—60 c.c.), then with water, and 
again dried to constant. weight. The difference of the weights, 
plus 0-165 g. (the correction, previously determined under the same 
conditions, for the solubility of barium succinate in the 100 c.c. 
of neutral filtrate), gave the weight of barium succinate. Succinic 
acid, subsequently isolated, was quite pure and colourless. 

(c) Oxidation with ozone and hydrogen peroxide. Fission with 
ozone followed by oxidation of the products with hydrogen peroxide 
under the conditions described below led in all four cases to the 
formation of pure succinic or methylsuccinic acid in high yield. 
With the synthetic Ay-isomerides the conversions were so close to 
90°% that this figure has been employed uniformly in correcting 
the results obtained from products of reduction. The procedure 
differed slightly according as succinic or methylsuccinie acid was 
the product to be estimated. 

(i) In the former case, the acid to be examined (5—7 g.) was 
treated in chloroform solution at 0° with ozonised oxygen during 
36 hours. The chloroform was then removed in a vacuum at the 
ordinary temperature, and the residue, which was largely solid, was 
boiled with water under reflux for 2 hours, cooled, mixed with 40— 
50 c.c. of 20-vol. hydrogen peroxide, and kept over-night. The 
solution was then evaporated on the steam-bath, and the residue 
dissolved in water. The solution was distilled to dryness at about 
60° under reduced pressure, and the residue heated under a short 





2034 BURTON AND INGOLD: THE MODES OF ADDITION 


reflux condenser at 150° (bath temperature) for 1 hour. The 
cooled product was extracted with water, and the solution filtered 
from a trace of flocculent material, and evaporated. The residual 
succinic acid (m. p. 184°) was dried to constant weight. 

(ii) In those cases in which methylsuccinic acid was the final 
product, the heating at 150° and the third evaporation were omitted ; 
the searcely ponderable trace of flocculent substance, which appeared 
in these experiments also, was removed by filtration before the 
second evaporation. The resulting methylsuccinic acid had m. p. 

111°. 

(3) Details of the Reductions and Analyses. 

Vinylacrylic Acid.—Expt. 2. The acid (19-6 g.) was dissolved in 
saturated sodium hydrogen carbonate (300 c.c.), and the solution, 
diluted to 1200 c.c., was treated at 40—45° with continuous stirring 
and passage of carbon dioxide with 3° sodium amalgam (3 kg.), 
gradually added during 96 hours. During this period further small 
amounts of water were added, and the stirring was continued for 48 
hours after the whole of the amalgam had been introduced. After 
separation of the mercury, the solution was acidified (Congo-red), 
and the reduction product extracted with ether, dried with sodium 
sulphate, and prepared for analysis as described in Section 2. The 
final specimen (16-0 g.) had b. p. 94—96°/17 mm. (Found : C, 59-9; 
H, 8-0. Cale.: C, 60-0; H, 80%). (Method a.) Aé%-Pentenoic 
acid had nji;, 1-44090, the reduction product nj, 1-44100, and 
Ay-pentenoic acid n}¥;, 1-43528; hence, Av-pentenoic acid = 0%. 

Expt. 3. The previous experiment was duplicated. The product 
(16-0 g.) had b. p. 95—97°/18 mm. (Found: C, 59-7; H, 7-9%). 
(Method c.) Succinic acid, nil. Found: Av-Pentenoic acid, 0%. 

Expt. 5. A solution of vinylacrylic acid (19-6 g.) in acetic acid 
(300 c.c.) and water (600 c.c.) was treated at 15—25° with 3% 
sodium amalgam (6 kg.) added gradually during 48 hours. During 
this period acetic acid (total 300 c.c.) and water (total 400 c.c.) were 
added in portions at intervals, and when the introduction of the 
amalgam had been completed the solution was diluted with a further 
quantity of water, kept for 24 hours, acidified with concentrated 
hydrochloric acid (1 1.), and extracted repeatedly with ether (total, 
41.). The product, b. p. 95—97°/18 mm., was isolated as before, 
excepting that the use of a moderately long column was necessary 
for the removal of the acetic acid (Found: C, 59-8; H, 8-0%). 
(Method a.) A%-Pentenoic acid had n%;, 1-44100, the reduction 
product nif, 1-44000, and Av-pentenoic acid njf,, 143528; hence, 
Ay-pentenoic acid = 17-5%. 

Expt. 6. The preceding experiment was duplicated. The product 
(12-0 g.) had b. p. 95—97°/18 mm. (Found: C, 59-8; H, 7-9%). 
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(Method c.) 5-40 G. gave 1-07 g. of succinic acid, i.e.,17%. Found : 
Ay-Pentenoic acid, 19%. 

Sorbic Acid.—Expt. 7. A solution of sorbic acid (11-2 g.) in the 
calculated quantity of dilute sodium hydroxide solution was treated 
at about 40° with 3% sodium amalgam (1-5 kg.) during 72 hours, 
throughout which mechanical stirring and a stream of carbon 
dioxide were maintained. After a further 24 hours, the product 
was worked up as described for Expt. 2. The analytical specimen 
of dihydro-acids (7-2 g.) had b. p. 109—110°/18 mm. (Found: C, 
63-2; H, 8-5. Cale.: C, 63-2; H, 88%); a viscous residue (2 g.), 
b. p. about 247°/18 mm., was also obtained (see Expt. 10). (Method 
6.) 1-605 G. gave 1-9150 g. of barium succinate. Found: Av- 
Hexenoic acid, 38-5%,. 

Expt. 8. The preceding experiment was duplicated; the yield 
and b, p. were the same (Found : C, 62-8; H, 88%). (Method c.) 
5-70 G. gave 2-16 g. of succinic acid, i.e., 36-5%. Found: Ay- 
Hexenoic acid, 40-5%,. 

Expt. 10. Sorbie acid (50 g.) was reduced in the same way. The 
dihydro-product was used in an unsuccessful attempt to separate 
the isomerides through their cadmium salts. The -high-boiling 
residue (9-5 g.) had b. p. 245—247°/17 mm. We presume that this 
consists partly of one or more pinacol-like reduction products from 
2 mols. of sorbic acid, but analysis indicated that impurities of 
another composition were also present; and this conclusion is 
confirmed by the fact that the analogous product from §-methy]l- 
sorbic acid (see below) was only partly solid, and that only the 
solid portion gave correct analytical figures for a compound of an 
analogous constitution. 

Expt. 11. A solution of sorbic acid (11-2 g.) in acetic acid (300 c.c.) 
and water (100 c.c.) was treated at 15—20° during 48 hours with 
3% sodium amalgam. After the first 24 hours further quantities 
of acetic acid (250 c.c.) and water (200 c.c.) were added, and 24 hours 
after the introduction of the amalgam had been completed the 
product was worked up as described for Expt. 5. The dihydro- 
specimen (6-5 g.) had b. p. 108—109°/17 mm. (Found: C, 63-3; 
H, 8-7%). (Method 6.) 1-669 G. gave 1-379 g. of barium succinate. 
Found : Av-Hexenoic acid, 55%. 

These estimates of the proportions of Av-acid formed on reduction 
of sorbic acid by sodium amalgam in alkaline and acid solution, 
viz., 40 and 55% respectively, may be compared with the “ minimum 
proportions,” 30 and 40% respectively, found by Evans and Farmer 
(loc. cit.), who, however, used extraction with organic solvents to 
estimate the succinic acid formed by oxidation (see Section 2, 
method 6). 
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Expt. 14. A solution of sorbic acid (11-2 g.) in N-sodium hydrogen 
carbonate (500 c.c.) was treated at 16—27° each day for three 
successive days with thin amalgamated aluminium foil (30 g.) and 
N-sodium hydrogen carbonate solution (100 ¢.c.). After a further 
24 hours the product was exactly neutralised and filtered, and the 
residue thoroughly extracted with water. The combined filtrates 
were acidified and worked up asin Expt.7. The dihydro-preparation 
(7-5 g.) had b. p. 107—108°/16 mm. (Found: C, 63-3; H, 8-5%); 
a high-boiling residue was also obtained. (Method 6.) 2-963 G. 
gave 2-006 g. of barium succinate. Found: Av-Hexenoic acid, 
45%. 

Expt. 16. The neutral solution from sorbic acid (11-2 g.), together 
with the calculated quantity of standard sodium hydroxide solution, 
was treated at the ordinary temperature with moderately stout 
amalgamated aluminium foil (36 g.). After four days the product 
was filtered and worked up as in the preceding experiment. The 
specimen of dihydro-acids (6-22 g.) had b. p. 118°/22 mm. (Found : 
C, 63-0; H, 88%); a high-boiling residue was also obtained. 
(Method 6.) 2-600 G. gave 1-732 g. of barium succinate. Found : 
Ay-Hexenoié acid, 44%. : 

Expt. 17. The preceding experiment was duplicated ; the product 
had b. p. 108—109°/17 mm. (Method 6.) 3-044 G. gave 2-099 g. 
of barium succinate. Found: Av-Hexenoic acid, 46%. The mean 
for the three reductions by aluminium amalgam is therefore 45%. 

Expts. 19—25. The reductions of sorbic acid with sodium amalgam 
and hydrochloric acid and with zinc and acetic acid were incomplete. 
Reduction at 85° with zinc, tin, and stannous chloride, in a mixture 
of concentrated hydrochloric and acetic acids led to the formation 
of the caprolactone described by Fittig and Hjelt (loc. cit.), b. p. 
107—109°/17 mm., 216—218°/760 mm., as the main product. 
The specimens gave no immediate evolution of carbon dioxide with 
saturated sodium hydrogen carbonate, and hence contained no 
substantial quantity of either of the -dihydrosorbie acids. This 
lactone is characterised by its dissolving in 5—6 parts of water at 0° 
to a solution, which, on being warmed, becomes strongly turbid 
between 20° and 40° and clears again above 60°. 

8-Methylsorbic Acid.—Expt. 27. A solution of the acid (10-0 g.) ina 
slight excess of sodium hydrogen carbonate solution was treated 
at 40—45° with 3°% sodium amalgam (1-5 kg.) under the conditions 
of Expt. 7. The analytical sample of reduction product (7-7 g.) 
had b. p. 117—118°/16 mm. (Found: C, 65-5; H, 9-4. Cale.: ©, 
65-6; H, 94%). (Method c.) 5-90 G. gave 1-44 g. of methyl- 
succinic acid. Found: §-Methyl-Ay-hexenoic acid, 27%. 

Expt. 28. Duplication of the preceding experiment gave a product 
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(7-7 g.), b. p. 117—118°/16 mm. (Method c.) 7-00 G. gave 1-87 g. 
of methylsuccinic acid. Found: §-Methyl -Ayv-hexenoic acid, 29%. 
The less volatile residues from Expts. 27 and 28 partly solidified. 
They were combined, drained, and crystallised from dilute alcohol, 
from which colourless needles, m. p. 198—199°, separated. Analysis 
(Found : C, 66-15, 66-1; H, 8-85, 8-8. C,,H,.0, requires C, 66-15; 
H, 8:7%) indicated one or other of the constitutions, 
CHMe:CH-CMe(CH,°CO,H)-CMe(CH,°CO,H)-CH:CHMe, 
CO,H-CH,°CMe:CH-CHMe-CHMe-CH:CMe-CH,-CO,H, 
CHMe:CH-CMe(CH,°CO,H)-CHMe-CH:CMe-CH,-CO,H. 
88-Dimethylsorbic Acid.—Expt. 30. A solution of the acid 
(14:0 g.) in a slight excess of sodium hydrogen carbonate was 
treated with 3% sodium amalgam (1-55 kg.) under the conditions 
of Expt. 27. The sample of reduction product (11-0 g.) had b. p. 
120—120-5°/14 mm. (Found: C, 67-5; H, 9-7. Cale.: C, 67-6; 
H, 9-9%). (Method c.) 4-00 G. gave 1-25 g. of methylsuccinic 
acid. Found: §3-Dimethyl-Ay-hexenoic acid, 38%. 
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much of the cost of this work, and Mr. A. Rumfitt for carrying 
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CCLXV.—A Volumetric Method for determining Silver 
in the Presence of Halides and Cyanides. 


By Harry Bales. 


Most rapid volumetric methods for the determination of silver 
depend upon quantitative precipitation of an insoluble salt, and 
are therefore applicable only when the silver is present as a simple 
soluble salt, which dissociates to give silver ions. Of these, several 
important methods differ only in the indication of the end-point of 
the precipitation of silver chloride. In Gay Lussac’s method (Ann. 
Chim. Phys., 1835, 58, 218) titration is continued until no further 
turbidity is seen; modifications of procedure have been suggested 
by Hoitsema (Z. physikal. Chem., 1896, 20, 272), Lang and Wood- 
house (J., 1908, 93, 1037), Pannain (Gazzetta, 1909, 39, ii, 240), 
Dewey (J. Ind. Eng. Chem., 1913, 5, 209), and Debrun (Ann. 
Falsif., 1914, '7, 407). Potassium chromate (Mohr, Annalen, 1856, 
97,335; Doughty, J. Amer. Chem. Soc., 1924, 46, 2707) and arsenate 
(Mohr, loc. cit.) have been used as indicators, and the adsorption of 
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dyestuffs by the precipitate has been utilised by Fajans and Hasse 
(Z. Elektrochem., 1923, 29, 495) and Fajans and Wolff (Z. anorg. 
Chem., 1924, 137, 221; see also Béttger and Schmidt, «bid. 
1924, 137, 246). 

The precipitation of many other salts has been used for volu. 
metric determination, e.g., iodide by Carnot (Compt. rend., 1889, 
109, 177), Altnéder (Metallurgie, 1906, 3, 292), Schneider (J. Amer. 
Chem. Soc., 1918, 40, 583), Hendrixson (ibid., 1921, 43, 858), 
Pawloff and Schein (J. Russ. Phys. Chem. Soc., 1907, 39, 943), 
Pisani (Annal. Mines, 1856, 10, 83), and Andrews (Amer. Chem. J., 
1900, 24, 256); thiocyanate by Volhard (J. pr. Chem., 1874, 9, 
217; Annalen, 1878, 190, 1), and modifications by Knorr (J. Amer. 
Chem. Soc., 1897, 19, 814), Rose (J., 1900, 77, 232), Hoitsema 
(Z. angew. Chem., 1904, 17, 647), Drechsel (Z. anal. Chem., 1877, 
16, 351), Rosanoff and Hill (J. Amer. Chem. Soc., 1907, 29, 269), 
and Ivanoff (J. Russ. Phys. Chem. Soc., 1913, 45, 66; Chem.-Ziq, 
1913, 37, 427); ferrocyanide by Quessaud (J. Pharm., 1884, 10, 
260); and Lescceur (Bull. Soc. chim., 1897, 17, 140) similarly used 
the oxide. 

When the silver occurs partly or wholly as halides, none of the 
foregoing methods can be applied. The only rapid volumetricf{ (1) 2 
method available depends upon the quantitative conversion of the In 
insoluble silver salt to a soluble complex cyanide, by dissolving iti detix 
in standard potassium cyanide solution, excess of the latter being sodin 
determined by back titration with a standard silver nitrate solution men: 
until a slight permanent precipitate is formed (Liebig, Annalen,§ that 
1851, 77, 102). A slight modification was introduced by Denigésff give 
(Compt. rend., 1893, 117, 1078), who carried out the titration inJ<o-w 
the presence of ammonia and potassium iodide (see also Rebiére,f tion 
Bull. Soc. chim., 1915, 17, 306; Eggert and Zipfel, Ber., 1919, 52g cxce: 
1177; Z. wiss. Phot., 1924, 22, 209). A direct cyanide titrationf§ and _ 
method was introduced by Maresco (J. Ind. Eng. Chem., 1924, 16,§ suita 
945), but its application is limited, and according to Meidingerfj ment 
(Z. wiss. Phot., 1925, 23, 282), it is less satisfactory than the methodf gives 
as modified by Eggert and Zipfel (loc. cit.). neuti 

A rapid general method was required for the routine determin-§ chan 
ation of silver occurring as halides in certain photographic products# Dv 
containing cyanides and small unknown and variable amounts off expe: 
other substances which react with cyanide, for none of the knownf§ the « 
methods was directly applicable. Such a method was obtained by starc 
titration of a cyanide solution of the silver salt with iodine. appe: 

Previous iodometric methods of silver determination (Gooch and of V 
Bosworth, Z. anorg. Chem., 1909, 62, 74; Bosworth, ibid., 64, the « 
189; Pawloff and Schein; Pisani; Andrews, locc. cit.) were applic: 
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Lasselll able only to simple soluble salts of silver, but the method now 
vnorg@ described is of wider application. The principle is as follows. 
ibid. The silver is dissolved in a slight unknown excess of potassium 
cyanide solution. Standard iodine solution is run in until one drop 
produces a faint permanent opalescence of silver iodide, exactly as 
in cyanometric titrations. The excess of potassium cyanide has 
now completely reacted according to the equation 
858), 


943) KCN +1,=KI+CNI. .':. (2) 


m.J.@ The first precipitation of silver iodide indicates the commencement 
14, 9B of the decomposition of the potassium silver cyanide. Starch is 
Amer@ added, and the titration with iodine continued until one drop 
‘semaff produces a permanent blue colour. The silver complex has now 
1877,8 completely reacted according to the equation 
2 
* KAg(CN), + 21, = KI+ Agl+20NI . . (2) 
|, 408 The volume of iodine added between the two stages determines 
used the silver content, four atoms of iodine being equivalent to one 
atom of silver according to equation (2). Incidentally, the total 
f the—f iodine added defines the amount of cyanide present, since, from 
retric (1) and (2), CN’=1,. 
f the In practice, it was found that the point of opalescenee was better 
ing it™ defined if an electrolyte was present, addition of 50 c.c. of 10% 
beings sodium chloride or potassium nitrate solution before the commence- 
ution§ ment oi titration being found effective. It was thought possible 
alen, that tiris end-point could be emphasised by dye adsorption so as to 
nigés™ give an end-point analogous to those described by Fajans and his 
on in co-workers (loc. cit.). Since the end-point consists in the introduc- 
riéreff tion of a precipitate of silver iodide into a solution containing 
, 52 excess of iodide ions, iodide “‘ body ” (see Fajans) must be formed, 
ation[| and hence the adsorbed dye must be basic in nature. No dye with 
, 168 suitable adsorbing properties could be found. The only basic dye 
inger{/¥ mentioned by the originators of the method is rhodamine 6G, which 
thodf gives a sharp colour change in acid solution, but in the alkaline or 
neutral solution essential for the present method no definite colour 
min-™ change could be obtained with this indicator. 
jucts{/™ During preliminary experiments, considerable difficulty was 
ts off experienced owing to the presence of cyanogen iodide, which caused 
jown™ the development of a reddish coloration immediately before the 
d by starch end-point, and therefore made it impossible to detect the 
appearance of the blue colour within less than three or four drops 
andl™ of V’/10-iodine solution. Indeed, a better end-point was given by 
64,8 the colour of the iodine alone, in the absence of starch. The 
plic- difficulty was overcome, however, by diluting the liquid to be 
3Z 
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titrated, whereby, owing to a difference in persistence, the formation 
of the reddish colour could be eliminated. 10 C.c. of M/5-potassium 
cyanide (N/10 with regard to silver nitrate by Liebig’s method) per 
litre was found to be the maximum cyanide-ion concentration con. 
sistent with a sharp end-point (one drop), the formation of the 
reddish colour being then negligible. 

Lastly, the solution to be titrated must not at any stage approach 
acidity, for the reactions are far from quantitative even in faintly 
acid solution. The potassium cyanide solution is therefore made 
alkaline by the addition of 5 c.c. of ammonia (d 0-880) per litre, 
which also facilitates dissolution of silver compounds and has 
certain physiological advantages (Maresco, loc. cit.). A considerable 
degree of alkalinity may prevail without risk of causing reaction 
between iodine and alkali. In the absence of added alkali, although 
quantitative results were obtained by dilution with tap water 
(Yu 7-7), dilution with distilled water (py 6-0) gave inaccuracies of 
2—3%. 

Procedure—The solutions required are: (1) Approximately 
M/5-potassium cyanide solution, containing about 13 g. of 
potassium cyanide and 5 c.c. of ammonia (d 0-880) per litre. (2) 
N/10-Iodine solution in potassium iodide, standardised, preferably 
by this method, against silver nitrate solution. 

A quantity of material containing 0-05—0-09 g. of silver is dis. 
solved in 5—9 c.c. of cyanide solution in a large beaker, 10% sodium 
chloride solution (50 c.c.) is added, and N/10-iodine solution run in 
from a burette until separation of silver iodide causes a faint 
permanent opalescence. This starting point for the silver deter- 
mination is definable to one drop of iodine solution with ordinary 
care; if the point is over-run, it may be readjusted after addition of 
a little cyanide solution, a known quantity being added if cyanide 
is also to be determined. 

The solution is now diluted to 900—1000 c.c. with tap-water, and 
5 c.c. of 0-5% starch solution are added : if more cyanide than the 
quantity recommended is present, the solution should be diluted 
correspondingly. The titration is continued until a permanent 
blue tint is obtained, definable to one drop with ease, and the 
volume of iodine added during this stage determines the quantity of 
silver present, since A =2I,. 

Examination of Fundamental Reactions.—The fundamental reac- 
tions underlying the method have been investigated both quali- 
tatively and quantitatively, but no products of reaction other than 
those to be expected from equations (1) and (2) could be isolated. 
Quantitative experiments proved that the reactions between iodine 
and (i) potassium cyanide and (ii) the complex cyanide were it 
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accordance with the suggested mechanism to an accuracy of 0-1%, 
provided either that the cyanide were rendered alkaline with 
ammonia as recommended, or that the diluent water had py >7-5. 

Results —The following results of determinations of silver and 
cyanide in mixtures of standard solutions and in photographic 
products illustrate the accuracy of the method. 

A. Known mixtures. Known quantities of silver nitrate were 
treated with excess of alkali halides, and dissolved in excess of 
potassium cyanide, and silver and cyanide were then determined 
by the method described, the amount of dilution being roughly 
adjusted to the quantity of cyanide present. N/10-Iodine solution 
was used for the first four determinations, and N/50-solution for 
the last three. 


Silver. Potassium cyanide. 


Present, g. Found, g. Error, %. Present, g. Found, g. Error, %. 
0-1073 0-1075 +0-2 0-2390 0-2392 +01 
0-1073 0-1073 +0-0 0-2390 0-2390 +0-0 
0-1073 0-1073 +0-0 0-2390 0-2390 +0-0 
0-1073 0-1076 +0-3 0-2390 0-2392 +0-1 
0-02160 0-02160 +0-0 Unknown 
0-02160 0-02164 +0-2 Unknown 
0-02160 0-02164 +0-2 Unknown 

Mean +0°13 Mean +0-05 


B. Photographic products. ‘The method has been in use in several 


allied laboratories during the past two years, its trustworthiness 
when applied to photographic materials having been established by 
numerous tests, of which the following is typical. 

Strips of material cut across a roll were subdivided into areas of 
1 sq. dem., and alternate areas were independently analysed in two 
different laboratories. 

Silver found (mg. per sq. dem.) : 


Average. 
Laboratory A. .22-4 21-85 21-8 21-6 21-7 22-0 21-89 
” B. 21-8 21-8 22-0 21:8 22-0 22-3 21-95 
The variations between individual readings are known from 
other evidence to be due to local variations in coating weight, but 
the averages obtained in the two laboratories differ by only 0-14% 
from the mean. 


The author wishes to thank the directors of British Photographic 
Plates & Papers, Ltd., for permission to publish this method, and 
Mr. F. F. Renwick, F.1.C., for his kind interest in the work. 


British PHoroeraPrHic Pirates & Papers, Ltp., 


RODENSIDE LABORATORY, ILForD, E. 
[Received, July 18th, 1929.] 
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CCLXVI.—The Influence of Solvents and other Factors 
on the Rotation and the Rotation-Dispersion of 
Optically Active Compounds. Part XXVIII. 
Derivatives of Lactic Acid. 

By T. S. Parrerson and ALEXANDER LAWSON. 


In a paper published some years ago (J., 1913, 103, 2263) one of us 
(with Forsyth) described the optical behaviour of a number of 
derivatives of lactic acid as regards influence of solvents and tem- 
perature change. At that time, unfortunately, light of one colour 
only was available, but, on account of the interest of derivatives of 
lactic acid in regard to rotation dispersion, it was thought worth 
while to repeat some of this work with light of other colours, and to 
include additional derivatives of lactic acid. 

The procedure formerly described for obtaining lactic acid was 
slightly modified (see p. 2045), and from a sample of the acid having 
a moderately high levorotation, methyl lactate was prepared. 
From this, the methyl esters of «-acetoxy-, «-methoxy-, «-benzoyl- 
oxy-, «-mono-, -di-, and -tri-chloroacetoxy-, «-o-nitrobenzoyloxy., 
and «-chlorosulphinyl-propionic acid were obtained, and _ their 
rotations were examined for six different colours of light over a 
considerable range of temperature. 

The results appear to show, in agreement with those of other 
recent workers (Freudenberg, Ber., 1914, 47, 2027, etc.; Clough, 
J., 1918, 113, 528; Wood and Nicholas, J., 1928, 1712), that the 
lactic acid, which itself, in the homogeneous condition, is dextro- 
rotatory, but forms a levorotatory lactide, is configuratively related 
to the l-tartrates and therefore ought to be called J-lactic acid.* 
Formerly it was referred to as d-lactic acid. The lactic acid with 
which Patterson and Forsyth worked should, therefore, be called 
d-lactic acid. Although, in the experiments now recorded I-lactic 
acid was used, the sign of rotation has been inverted in the diagrams 
to make the results comparable with those for the d-tartrates. 

* The nomenclature “1({ +) lactic acid” suggested by Wohl and Freudenberg 
(Ber., 1923, 56, 309) is open to the objection of ambiguity, unless the conditions 
of the positive rotation are more definitely specified. It refersin this case to the 
homogeneous condition at ca. 25° for sodium light, but, at other temperatures 
and for other colours of light, the rotation might possibly be negative. The 
symbol ‘‘d(-+-) tartaric acid’’ refers to a different condition of the active sub- 
stance, viz., to aqueous solutions at the ordinary temperature. In the homo- 
geneous condition at about room temperature ordinary tartaric acid would 
probably be levorotatory, at least for certain colours of light (J., 1913, 103, 167). 


#° 


Something more definite would therefore be necessary, such as “‘ i +-homos 


lactic acid,” which, if precise, is also a little clumsy. 
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In Fig. 1 are shown temperature-rotation curves for two colours 
of light, red (x = 6716 A.U.) and violet (2 = 4358 A.U.), the curves 
for the latter being heavily drawn and those for the former lightly: 
each set of curves may therefore be taken by itself. Curves for 
other colours are unnecessary since, in all cases examined, they are 
distributed fairly evenly between the two extremes shown. In the 
diagram are also included curves for methyl tartrate and its mono. 
acetyl derivative, for the same colours of light, taken from a recent 
paper by Wood and Nicholas (J., 1928, 1692), in order to facilitate 
the comparison between the curves for the tartrates and the lactates, 
Further, it should be noted that there are three different scales on 
the diagram. That on the left margin above the zero line applies to 
all the curves in the upper part of the diagram (including the curves 
for methyl tartrate and acetyltartrate, both above and below the zero 
line), whilst the scale for the chlorosulphiny] derivative is given on the 
right margin. The scale given on the part of the diagram below the 
zero line applies to the benzoyl and nitrobenzoyl derivatives only. 

The general impression produced by the curves of Fig. 1 is that 
they resemble fairly closely those for the corresponding tartrates; 
the curves for methyl lactate itself show the same type of curvature 
as do those for the tartrates, i.e., they apparently tend towards 
maximum values at a high temperature. It is to be noticed that, 
whereas the methyl tartrate curve for violet light lies below the 
corresponding curve for red light, the opposite is the case for methyl 
lactate. It will be observed, however, that these two curves for 
methyl tartrate tend to intersect at a high temperature, whilst the 
two curves for methyl lactate tend to intersect at a low temperature. 
In other words, the region of anomalous dispersion for the simple 
tartaric esters occurs at a high temperature, and that for the simple 
lactic esters, if it exists, would be found at a low temperature. 

As regards the other curves, it will be noticed that whereas the 
derivatives having considerable negative rotations show a rapid 
increase of rotation—i.e., become less negative—with rise of tem- 
perature, apparently tending towards maximum values at a high 
temperature, those with intermediate rotations, such as methy! 
lactate itself, show comparatively small changes of rotation on heat- 
ing, and would presumably reach maxima at temperatures in the 
region of 150°, whilst the derivatives with high rotations, such as the 
methoxypropionate and the chlorosulphiny! derivative * (the curve 
for the latter being on a reduced scale), have rotations which rapidly 
diminish as the temperature rises. The curves on the diagram, 

* A referee points out that methyl a-chlorosulphinylpropionate should 


contain an asymmetric sulphur atom (Phillips, J., 1925, 127, 2552; Harrison, 
Kenyon, and Phillips, J., 1926, 2079), which might influence the rotation. 
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therefore, show a behaviour in general agreement with that of the 
d-tartrates, and it is for this reason that we consider them to be 
analogous to those for the derivatives of d-tartaric acid, and 
therefore, that this particular set are those of d-lactic acid. 

Taking into consideration all these curves, it would appear that 
the general temperature—rotation curves (see J., 1916, 109, 1141) 
for the lactates are very similar to those for the tartrates: at a low 
temperature the rotations should have high negative values; with 
continuously increasing temperature these values should increase, 
pass through a region at which the curves intersect one another, pass 
through maximum values, and ultimately tend again towards 
minimum values. 

The region of visibly anomalous dispersion was not actually 
reached in any of these cases, but it has been shown by Clough 4 
(J., 1918, 143, 552) to exist in solutions of methyl lactate in water. 
Now, it might be expected from the appearance of these curves that 
the intersection of the violet and the red curve for methyl lactate, 
which would occur at a low temperature in the homogeneous ester, 
should come into the region of ordinary temperatures in a solvent 
which depresses the rotation of the ester. Ethylene dibromide 
depresses the rotation of ethyl tartrate considerably, and therefore 
we examined a solution of methyl lactate in this solvent; the data 
obtained afforded evidence of visibly anomalous dispersion, thus 
confirming our expectation. 

Fig. 2 shows a characteristic diagram drawn, after inversion 
of sign, from the data which we have collected. On the whole, 
the data perhaps do not lie quite so well upon straight lines 
as has been found for many other compounds. The line for 
violet light notably, but also that for blue, requires a decided 
curvature in order to fit approximately the experimental points. 
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the The scale of the main part of Fig. 2 is much too small for 
pid § the data for methyl lactate, either in the homogeneous condition 
em-—f or in solution in ethylene dibromide, to be represented, and 





therefore a small characteristic diagram for these two conditions is 
inset; from this it will be seen that the region of visibly anomalous 
dispersion, which is not quite reached in the homogeneous ester, is 
reached in its solution. It appears from this diagram that by 
cooling homogeneous methyl d-lactate the rotation for green and 
violet would become identical at the rotational value + 5°5°, which 
would be the rational zero for these two colours. 









EXPERIMENTAL. 


From a sample of syrupy lactic acid having «54¢, (100 mm.) — 3-47° 
active zinc ammonium lactate was prepared as follows. To 900c.c. of 





2046 PATTERSON AND LAWSON: THE INFLUENCE OF SOLVENTS 


Fic. 2. 
Characteristic Diagram for Derivatives of d-Lactic Acid. 
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boiling water were added, with stirring,'750 c.c. of the syrup, followed 


slowly by 426 g. of zinc oxide, and the solution was boiled till neutral 
in reaction (about 8 hours). On cooling, inactive zine lactate 
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separated and was filtered off, and on concentration of the filtrate, 
active zine lactate crystallised out. The inactive salt was boiled 
with several 2-litre portions of water till the extracts showed no 
appreciable rotation. The product obtained from these extracts 
was added to the main bulk of active zinc lactate. In this way about 
278 g. of active and 900 g. of inactive zinc lactate were obtained, so 
that the original lactic acid syrup must have been composed of about 
62% of the levo- and 38% of the dextro-form. The purest sample of 
zine lactate obtained had a}j,, — 0-39° (c = 2-5; 1 = 200 mm.). 

Of this zinc lactate, 100 g. were dissolved in 500 c.c. of water, 40 g. 
of ammonium carbonate in 180 c.c. of cold water were added, and the 
precipitated zinc carbonate was filtered off. To this solution of 
ammonium lactate 160 g.* of active zinc lactate in 750.c.c.of water were 
added. The zinc ammonium /-lactate obtained on evaporation and 
cooling was recrystallised from dilute ammonia solution until it showed 
a (200 mm.) = — 1-90° for a solution of 1-6 g. in 20 c.c. of dilute 
ammonia (300 c.c. of concentrated ammonia and 1000 c.c. of dis- 
tilled water; Patterson and Forsyth, loc. cit.). From 2 litres of 
lactic acid syrup, 400—450 g. of pure zinc ammonium /-lactate could 
be obtained. 

Methyl 1\-Lactate—The ester was prepared by the methods of 
Purdie and Irvine (J., 1899, 75, 484) and Patterson and Forsyth 
(loc. cit.), the zinc ammonium lactate having previously been care- 


fully dried in an air-oven until it had lost a weight equivalent to 
slightly more than 2 mols. of water of crystallisation. The methyl 
alcohol had been purified by standing over quick-lime, and by 
distillation. The ester boiled at 47°/15 mm. 

The rotation of the preparation was then examined as shown 
below. In the sequel, for convenience and to save space, letters will 
be used to indicate the colour of light as follows : 


ry. | y: g. b. Vv. 

6716 6234 5790 5461 4916 4358 
22-3° 40-4° 79-6° 100° 

1-091 1-071 1-025 1-002 


[a];. [a], [a]v- [a],. 
5-76° ° — 7-32°* —7-95°F — 9-15° —9-705°T 
5-88 7-58 8-29 9-47 10-40 
6-39 ; 8-22 | 9-04||  10-48t ‘11-93 
6-695 ° 8-79 9-70 11-36 13-17 
7-13 ° 9-36 10-35 12-25 14-42 
7-57 . 10-02 11-08 13-11 15-73 
7-95 9-16 10-53 11-69 13-97 16-86 
*At—9°. +At—10.  ¢ At 22°. | At 21-9°. 





* This is 40 g. less than is required to convert all the ammonium lactate 
into double salt. Crystallisation of the product thus took place from a 
solution containing excess of ammonium lactate. 


322 
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Methyl 1|-«-Acetoxypropionate.—This was prepared from methyl 
lactate and acetyl chloride and purified by fractionation with a 
column; b. p. 68°/13 mm. 


20-4° 
1-0866 


[a]r,- 

— 46-64° 
46-41 
46-33 
46°13 
46-16 
46-275 


100° 
0-9983 


[a]y. 
— 100-03° 
100-02* 
100-47 
100-06 
100-78 
101-35 


39-6° 67° 80° 
1-0677 1-0350 1-0204 


[a]y- [a]. [a}n- 
—54-56° —61-78° —76-62° 
54-47* 61-72* 76-27 
54-21 61-47 76-65 
54-21 61-54 76-83 
54-06 61-48 77-10 
54-11 61-50 77-21 


* At 15-4°. 


1-089 


[a],,- 
—40-025° 
39-83 
39-74 
58-8 39-71 
76-8 39-49 
100 39-505 


41-3 


Methyl 1-«-Chloroacetoxypropionate—This ester, prepared from 
methyl lactate and chloroacetyl chloride (b. p. 105—106°, obtained 
from the acid and thionyl chloride) and purified by fractionation 
with a column, had b. p. 110°/15 mm. (Found: Cl, 19-65. Cale.: 


Cl, 19-77%). 


Densities determined : 
40°-5° 
1-2287 


[a],,- 
—41-95° 
41-58 
40-98 
40-45 
39-84 
39-715 


59-2° 80° 100° 
1-2064 1-1830 1-1598 


[a],. [a]}p- (a}y. 
—55-69° —69-56° —91-04° 
55-19 68-98 90-48 
54-50 68-37 89-97 
53-955 = 67-51 89-47 
53-18 66-58 88-29 
52-87 66-08 88-04 


41-5° 
1-2284 


[a]y. 
—49-145° 
48-70 
48-02 
47-60 
46-86 
46-42 


1-2521 


b [a].,- 
0° —35-91° 
21-3 35-99 
39-75 35-065 
59-0 34-58 
80-0 34-09 
100-0 34-35 


Methyl 1|-«-Dichloroacetoxypropionate.—This was prepared from 
methyl lactate and dichloroacetyl chloride (b. p. 107—108°); it had 
b. p. 115°/15 mm. (Found : Cl, 33-27. Cale.: Cl, 33-03%). 


Densities determined : 
100° 


1-3315 


[a]... 
— 29-13° 
29-82 
29-97 
29-925 
29-86 
29-67 


39-0° 
1-3105 


[a];. 
—34-18° 
35-07 
35-11 
35-175 
35-105 
34-965 


60-5° 
. 1:2842 


[a],. 
— 38-82° 
39-79 
39-95 
40-05 
39-91 
39-76 


81-5° 


1-2582 


[a]o- 


—48-18° 


49-64 
49-96 
50-14 
50-41 
49-87 


1-2359 


[a], 
— 63-36° 
65-41 
66-345 
66-78 
66-71 
66-77 


Methyl 1-«-Trichloroacetoxypropionate——When prepared from 


methyl lactate and trichloroacetyl chloride (b. p. 117—118°; from 
the acid and thionyl chloride) and purified by fractional distillation 
under reduced pressure, the ester had b. p. 116°/13 mm. (Found: 
Cl, 42-40. Cale.: Cl, 42-69%). 
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Densities determined : 
59° 81-5° 100° 
1-3678 1-3416 1-3129 1-2893 
(a],,- [a]. [a],. [a]p- [a]y- 
0° —16-64° —19-48° —22-81° —25-88° —32-13° —41-68° 
20-5 16-97 19-83 23-26 26-39 32-84 42-995 
41 17°13 20-12 23-63 26-79 33-575 43-73* 
59 17-305 20-33 23-885 27-12 33-99 44-66 
80°5 17-52 20-57 24-27 27-54 34-52 45-51 
100 17-73 20-79 24-445 27-79 34-93 46-20 
* At 40°. 


Methyl |-«-Methoxypropionate—The ester, prepared exactly by 
the method of Purdie and Irvine (J., 1899, 75, 485) and purified by 
fractionation with a column under diminished pressure, boiled at 


8°/13 mm. 


Densities determined : 
24-5° 42-0° 49-5° 61-5° 73-5° 89-0° 
1-0039 0-9953 0-9765 0-96775  0-9555 0-9408 0-9225 


[ok [ohy [ole [alee [abe — [ae 
0° —68-135° —79-46° —93-42° —106-12° —135-14° —176-24° 
25 64-96 75-88 89-40 101-57 126-39 168-7 
40 63-51 74-55 87-41 99-41 124-38 165-36 
60 62-29 72-54 85-09 96-445 122-06 160-51 
79 60-37 71-22 82-53* 93-87* 117-92 156-57* 
100 58-82 69-42 80-93 92-19 115-88 153-35 


* At 80°. 


Methyl 1-«-Benzoyloxypropionate—Prepared by boiling methyl 
actate with excess of benzoyl chloride for about 3 hours under 
eflux, and fractionated under reduced pressure till of constant 
otation, this ester had b. p. 145°/13 mm. 


Densities determined : 
20-25° 40-0° 60-0° 80-25° 98° 
1-1443 1-1260 1-1068 1-0872 1-0703 


[a], [a];- [a],. [a]. [a]y- 
16-57° 21-06° 25-76° 37-53° 61-65° 
15-73 20-14* 24-64* 35-92* 58-44* 
14-485 18-57 22-60 32-97 53-55 
13-35 16-98 20-63 30-02 48-94 
12-25 15-59 19-01 27-72 44-85 
11-26 14-33 17-48 25-46 41-45 


* At 15-5°. 


Methyl 1-x-0-Nitrobenzoyloxypropionate.—o-Nitrobenzoyl chloride 
7 g.) and methyl lactate (8 g.) were boiled gently in a flask fitted to 
an air condenser for 8 hours, and the unchanged methyl lactate was 
distilled off under reduced pressure. The residue, which distilled 
at 140 —200°/6 mm., was dissolved in ether and shaken with sodium 
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carbonate solution. The purified ester had b. p. 175—180°/6 mn, 
and solidified on standing. When crystallised several times froy 
light petroleum, it had m. p. 36—37° (Found: N, 5-67. Cale, 
N, 5°53%). 


Densities determined : 
60° §2° 100° 
1-2537 1-2367 1-2177 1-2009 


[a];. [a],. [a},. [a},. 
51-34° 63-57° 95-52° = 189-39" 
48-26*  59:30*  91-06* = 174-224 
43-74 54-74 83-35 158-07 
39-14 48-62 74-92 141-79 
34-30 42-60 65-50 114-55 
30-87 40:57 59-02 97-92 


* At 24°. 


Methyl «-m-Nitrobenzoyloxypropionate.—Methyl lactate (8 g) 
was boiled under reflux with m-nitrobenzoyl chloride (7 g.) until no 
more hydrogen chloride was evolved (about 6 hours). The excess o 
methyl lactate was distilled off under reduced pressure, and the 
residue distilled at 180—196°/8 mm. On fractionation of this 
product, the rotation gradually diminished, apparently on account 
of racemisation (Found: N, 5-85. Calc.: N, 5-53%). 


It seems curious that the m-nitro-derivative should undergo 
racemisation whilst the corresponding o-compound seemed to be 
quite stable. 

In an attempt to prepare methyl «-p-nitrobenzoyloxypropionate, 
methyl lactate and p-nitrobenzoyl chloride did not seem to react 
with one another at all. 

Methyl |-«-Chlorosulphinylpropionate (see note, p. 2044).—This 
was prepared by Frankland and Garner’s method for the ethyl 
derivative (J., 1914, 105, 1101). The product, purified by fractional 
distillation through a column, boiled at 89°/13 mm. (Found: (], 
18-13; 8, 17-64. Cale.: Cl, 19-03; S, 17-20%). 


Densities determined : 
40° 59-5° 80° 100° 
1-3165 1-2922 1-2645 1-2414 


[a],. [a], [a]}p- [a]y. 
—166-84° —198-26° —236-72° —272-86° —351-68° —491-59° 
162-57* 196-08* 230-34 265-80 345-07* 477°77 
159-70 192-73 225-86 260-36 334-40 468-84 
155-917 184-50F 219-80 253-41 328-177 455-22t 
150-83 178-47 212-43 244-80 316-60 439-97 
144-46 171-70 204-84 235-96 304-59 422-92 
139-94 165-80 197-81 223-96 292-70 408-71 


* At 16°. f At 42°. 





VENTS 


6 mm, 


0° 
1-2009 


[al,. 
89-39° 
74-29% 
58-07 
41-79 
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Methyl 1-Lactate in Ethylene Dibromide.—p = 2°3043. 


39° 59-5° 80-5° 100° 
21193 2-0819 2-0402 1-9963 19577 


[a],,- [a],. [a]y- 
—0-05° +0-16° +4-97° 
— 1-085 —0-14 +3-76 
—1-31 — 1-805 +0-955 
—2-21 — 2-05 +0-91 
—2-21 — 2-62 +1-21 
— 2-70 —2-98 —1-17 
— 2-40 —4-02 — 2-65 
—3-54 + 4-06 — 3-54 
—3-535 —4-70 — 4-67 


The data for the characteristic diagram (based on [a],) were taken 
rom smoothed curves drawn from the above figures, and were as 
ollows (before inversion, see p. 2042) : 

—0-95° : —2-4° —3-15° 


—3-0 —4-0 
—0-95 —2-6 


1. The temperature—rotation data for a number of lactates 
sppear to show that the derivatives of that form of lactic acid which, 


n the homogeneous condition at a temperature of 25°, is levo- 
otatory for sodium light, are configuratively related to the deriv- 
itives of d-tartaric acid. This form should therefore be designated 
lactic acid. Its lactide is strongly dextrorotatory. The con- 
igurational sign of the lactic acid contained in a sample of the 
ommercial syrup (the rotation of which is mainly due to lactide) is 
nearly always that of the rotation of the syrup itself; in other words, 
a levorotatory syrup contains /-lactic acid in excess. 

2. The region of visibly anomalous rotation dispersion was 
realised in @ 2-3043°% solution of methyl J-lactate in ethylene 
dibromide. 

3. From this and the data for homogeneous methyl J-lactate 
the rational zero for the colours 4 = 5461 and 2 = 4358 A.U. is 
+5-5° for the d-derivatives and — 5°5° for the l-derivatives. 


One of us (A. L.) desires to express his thanks for a D.S.I.R. grant 
which enabled him to take part in the work described in this paper. 


University or GLASGow. [Received, July 3rd, 1929.] 
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CCLXVII.—The Action of Nitrous Acid on Amino- 
compounds. Part III. Dimethylamine, n-Propy- 
amine, and Glycine Ethyl Ester. 


By THomas WeEsToN JoHuns Taytor and LESLIE SLATER PRice. 


In Part I of this series (Taylor, J., 1928, 1099) it was shown that the 
simplest aliphatic amine, methylamine, reacts with nitrous acid 
at a rate which is proportional to the product of the concentrations 
of the methylamine ion, the nitrite ion, and undissociated nitrous 
acid. This result does not, of course, give any direct information 
as to the actual mechanism of the reaction, but it rules out many 
of the hypotheses that were formerly possible, as, for example, that 
the reaction is the decomposition of methylamine nitrite. 

The investigation has been extended to three cases which differ 
in various ways from the simple case of methylamine, but the 
results are nevertheless the same and can be summarised in the 
statement that with these three compounds also the reaction 
velocity varies as the product [RNH,’}[NO,’][HNO,]. 


A. Dimethylamine. 


Here the amine is secondary and the product a nitrosoamine, 
whereas in the simple case it is an alcohol. 

Method and Materials.—The reaction was investigated at 25° and 
followed by estimation of the dimethylamine concentration from 
time to time; preliminary experiments showed this could be done 
by distilling the base in steam from alkaline solution into a known 
excess of standard acid, and that the nitrosoamine, even if present 
in large excess (1-38N with 0-084N-dimethylamine), has no effect 
on the accuracy of the titration. Renouf (Ber., 1880, 13, 2170) 
states that pure dimethylnitrosoamine shows an alkaline reaction, 
but we are unable to confirm this. 

Dimethylamine hydrochloride was recrystallised twice from 
chloroform, and an aqueous solution of the free base prepared from 
this was used. Details as to the other materials and the method 
will be found in Part I (Joc. cit.). 

Results —The behaviour towards nitrous acid is exactly parallel 
to that of methylamine. 

0-05N-Dimethylamine + 0-05N-nitrous acid. There is no observ- 
able reaction in a period of two hours. 

0-05N-Dimethylamine +- 0-1N-nitrous acid. The mean of a large 
number of results is given in Table I, together with the velocity 
coefficient, k (min.-!; normality-*), calculated on the assumption 
that the velocity varies as the product [(CH,).NH,"][NO,’][HNO,); 
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corrections have been applied for the spontaneous decomposition 
of the nitrous acid (Part I, p. 1102). 


TABLE I. 


t,mins. NHMe,, N. k. t,mins. NHMe,, N. k. 
0 0-05 — 120 0-0425 0-636 
30 0-0478 0-624 150 0-0410 0-644 
60 0-0458 0-636 180 0-0396 0-656 
90 0-0441 0-628 Mean 0-637 


0-05N-Dimethylamine + 0-1N-nitrous acid + 0-05N-potassium 
chloride. ‘The reaction proceeds more slowly in the presence of a 
neutral salt, as would be expected, since ions of opposite sign are 
involved. The mean value of & from a series of experiments is 
0-58. 

Influence of excess of nitrite ion or of dimethylamine ion. The 
reaction is equally accelerated by the presence of either ion at 
0-05N-concentration. The value of & calculated as in Part I (p. 
1103) is 0-59, which agrees satisfactorily with its foregoing value 
in the presence of 0-05N-potassium chloride. 

0-05N-Dimethylamine + 0-15N-nitrous acid. The velocity 
coefficient should be 2 x 0-637 = 1-274, since the concentration of 
free nitrous acid is twice that in the first series of measurements ; 
the mean value found was 1-25. 


The reaction is much repressed by the addition of sulphuric acid, 
which is in agreement with the above conclusion. 


B. n-Propylamine. 


The reaction of nitrous acid with n-propylamine is remarkable 
in that the product consists of 42% of n- and 58% of iso-propyl 
alcohol (Linnemann and Siersch, Annalen, 1867, 144, 140; Linne- 
mann, ibid., 1872, 161, 44; V. Meyer and Forster, Ber., 1876, 9, 
529; Henry, Compt. rend., 1907, 145, 899). Various views have 
been advanced in order to account for the formation of these 
products, but none has any definite experimental support. 

Reaction-velocity measurements are capable of discovering 
whether the products are formed by two independent reactions of 
different order, since if that were the case the rate of disappearance 
of the amine could not be expressed by a simple one-term differential 
equation. 

Method and Materials.—The method was exactly the same as that 
used in the previous cases. »-Propylamine hydrochloride was 
recrystallised several times from water, in which it is very soluble. 

Results —The reaction velocity is proportional to the product 
[PrNH,"][NO,’][HNO,], analogously to the previous cases. There 
is no sign of two simultaneous reactions of different order. This was 
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established by studying the reactions shown in Table II, the values 
of k being calculated as in Part I of this series. 


Tasie IT. 


Reaction mixture. k. 
0-05N-C,H,-NH, + 0-05N-HNO, No reaction. 
+0-10N- ,, 0-69 
? ” + ” ” + 0-05N-KCl 0-66 
> ” + ” ” + 0-:05N-PrNH,Clor 0-05N- 

Ba(NO,), 0-66 
> ” + 0-15N- 9? 1-29 


In the light of this result the formation of the two alcohols can 
be best accounted for by saying that the reactive complex consisting 
of the three species can decompose in two ways, giving nitrogen, 
nitrous acid, and either »- or iso-propyl aleohol. The ratio of the 
quantities of the two alcohols formed is a measure of the probabilities 
of the two modes of decomposition, There is, however, no evidence 
upon which to base any hypothesis as to the structure of the reactive 
complex, if, indeed, such a complex can be said to have a structure, 
or as to the reasons why there are two modes of decomposition. 
The problem can obviously receive no satisfactory solution until 
the réle played by the apparently unnecessary molecule of nitrous 
acid in the reactive complex is understood. 


C. Glycine Ethyl Esier. 


Here the product of reaction is an aliphatic diazo-compound, and 
not an alcohol. 

Materials —Throughout the work, glycine ethyl ester was used 
as its hydrochloride, which had been recrystallised many times 
from an ethyl-alcoholie solution of hydrogen chloride. Its purity 
was established by estimating the chloride content by Volhard’s 
method, and the glycine content by the method described below. 
Reaction mixtures were made up from the hydrochloride and barium 
nitrite, and thus they all contained batium and chloride ions. It 
would have been more advantageous to have used the ester sulphate, 
since the reaction mixture would then have been free from the ions 
of a neutral salt, but difficulty was met in obtaining analytically 
pure samples of the sulphate in quantity. The influence of the 
neutral salt is discussed below. The other materials were the same 
as those used in the previous cases. 

Method.—To devise an analytical scheme for following the pro- 
gress of the reaction is not simple. After several attempts, the 
following method was found to be satisfactory. A sample of the 
reaction mixture containing glycine ester, diazoacetic ester and its 
decomposition products, and nitrous acid is run into large excess 
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of baryta solution, and the whole warmed at 40—50° for 20 minutes. 
During this time the ester present is hydrolysed to free glycine. 
After cooling, the glycine is estimated by the method used in Part II 
of this series (Taylor, J., 1928, 1897). The method is not very 
accurate because the dilution becomes so great during the analysis, 
if the initial concentration of ester is small, that the end-point of 
the titration is not sharp; this was overcome to a large extent by 
making dilute solutions of analytically pure glycine, adding neutral- 
ised formaldehyde, phenolphthalein, and the equivalent amount of 
standard baryta solution, and using the solutions so prepared as 
colour standards in the titrations. 

Since esters of amino-acids are not very stable in aqueous solution, 
the reaction mixtures were not made from a stock solution, but 
by weighing the necessary quantity of pure solid. The results are 
not vitiated by hydrolysis of the ester during the reaction, since 
Curtius and Goebel (J. pr. Chem., 1888, 37, 160) have shown that 
hydrolysis by dilute acids is slow. 

The reaction velocities were measured at 25°, and the mixtures 
were covered with a layer of medicinal paraffin in order to stabilise 
the nitrous acid. 

Results—The general behaviour can be seen from the curves in 
Fig. 1. There is a rapid reaction between 0-05N-glycine ester and 
)\05N-nitrous acid; with twice this concentration of nitrous acid, 
the reaction is so rapid that measurement is difficult by the method 
ued. The behaviour is, at first sight, quite unlike that of 
methylamine. 

The velocity of reaction is lowered by the addition of a neutral 
salt (1-0N-potassium chloride); hence ions of opposite sign are most 
probably involved in the reaction. Addition of mineral acid also 
lowers the velocity; in the presence of 1-90N-sulphuric acid the 
reaction does not proceed at all, as the following results show. 


3°5 16-5 31 51 106 122 
00-0502 0-0495 0-0495 0-0502  0-0501 0-0495 


Hence the nitrite ion is one of the reacting ions, since this is the 
only ion of which the concentration could possibly become vanish- 
ingly small in the presence of excess of mineral acid. 

Thus a possible hypothesis is that the reaction velocity varies 
as the product [GEH*][NO,’].* The results shown in Curve I of 
Fig. 1 should then give a bimolecular velocity coefficient; this, 
however, is not the case, as is seen from Table III, in which «x is 


* GE is used throughout as symbol for glycine ethyl ester and GEH™ for 
the kation. 
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the normality of glycine ester and of barium nitrite at time ¢ (min.), 
k, is the bimolecular coefficient, and k, is a termolecular coefficient 
(see below). 
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TABLE ITI. 


t. 2. 
120 0-0286 
150 0-0265 

180 0:0248 
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The fall in the values of k, cannot be attributed to spontaneous 
decomposition of nitrous acid, since there is hardly any such free 
acid in the mixture. The results, however, give a very constant 
coefficient for a reaction of the third order. 

Now glycine ester nitrite is the salt of a weak acid and a weak 
base (K, = 4 x 10+, Blanchard, Landolt—Bérnstein, 5th Edn.; 
K, = 9-7 x 10-8, Veley, J., 1908, 93, 662), and hence there is an 
appreciable concentration of undissociated acid in dilute solution ; 
on the analogy of the previous cases, the most probable third 
molecular species involved is nitrous acid. As in those cases, only 
one molecule of nitrous acid disappears for each molecule of glycine 
ester, since in the mixture 0-05N-barium nitrite + 0-1N-glycine 
ester the concentration of the latter fell to the constant value 0-05N. 

For the equimolecular mixture, if the concentration of glycine 
ester nitrite at time ¢ is x, and the fraction hydrolysed to free ester 
and acid is f, from the above values of K, and K, and with K, = 
1-27 x 10-4 (Michaelis, ““ Hydrogen Ion Concentration,” 1926), f is 
found to be 0-0178, and is independent of x. On the assumption 
that the reaction velocity varies as the product [GEH"][NO,’][HNO,], 
the equation for the reaction should be 

— dx/dt = ka¥(1 — f)?f, 
a simple third-order reaction, which is the behaviour found. The 
value of & in this equation can be obtained from the mean value of 
kg in Table III and from the value of f; it is 1-98 x 10? (min.-}; 
normality-*). 

The truth of the above assumption is supported by the results 
shown by the other curves. 

0-05N-Glycine ester hydrochloride + 0-1N-barium nitrite. Let the 
concentration of glycine ester be a initially, and x at time ¢, and 
let a fraction f, be salt-hydrolysed. Then we have at time ¢, 


Ky = (1 — fy)a[OH']/fzx and Kq = (a + x — fyx)[H']/fx- 
Multiplying, and inserting K,, for [OH’][H‘], we have 
K,Ky/Kw = (1 — fo)u(a + % — for) /f.?a*. 
If, as an approximation, f,x is neglected in comparison with a + 2, 
and f, in comparison with unity, 
fox = Vala + 2)K,/Ki Kp. 
On the above assumption, 
— dx/dt = k{GEH"}[NO,’][HNO,] = k(x .a@ + x)"(K,,/K.K)*. 


Integration between times 0 and ¢ gives 





KK,/1 pe 
re (Js vere vat va): 
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Values of k calculated from this expression are : 


30 60 $0 100 
0-0359 0-0298 0-0255 0-0221 
1-88 1-60 152 1-44 

The agreement with the value of & in the previous series is suffi- 
ciently good; the values fall with time, but it can be shown that 
the approximation introduced above will have this effect. The 
value of k x 10-* so obtained would be expected to be smaller than 
1-98, since there is double the amount of barium nitrite and the salt 
effect: of this will diminish the reaction velocity. 

0-05N-Glycine ester hydrochloride +- 0-05N-barium nitrite +- 0-05N- 
nitrous acid (Curve III). The reaction proceeds extremely rapidly. 
If the value of k is taken as 198, the times taken for the concentration 
of glycine ester to fall to the observed values can be calculated on 
the present assumption and compared with the actual times, thus 

0-0246 0-0176 0-0128 
: (obs. » 0 2-0 3-5 5-0 mins. 
21 3-7 SD. ., 

In view of the inaccuracy involved in observing the times of 
making the mixture and withdrawing samples, the agreement is 
good. 

0-05N-Glycine ester hydrochloride +- 0-05N-barium nitrite + 1-0N- 
potassium chloride. If the above assumption is correct, the salt 
effect on the reaction velocity will be of two kinds, the true salt 
effect (Brénsted’s primary effect), and the effect arising from changes 
in the value of K,, K,, and K, owing to the increased ionic strength 
(Brénsted’s secondary effect). The magnitude of the second effect 
can be estimated : Harned and James (J. Physical Chem., 1926, 30, 
1060) have measured the necessary value of K,,, and Sidgwick and 
Woodward (unpublished research) give a value for the influence of 
neutral salt on the dissociation of acetic acid. If it is assumed that 
the change in K, and K, is of the same magnitude as for acetic acid, 
the secondary effect will be to diminish the velocity coefficient by 
10-99%; the observed diminution is of the order of 53%, so that 
there is a marked negative primary salt-effect. 

Discussion.—The results indicate that in this reaction the velocity 
is proportional to the product of the concentrations of the glycine 
ester ion, the nitrite ion, and nitrous acid, and is analogous to the 
reaction with methylamine, except in that the velocity coefficient 
is about 200 times as great. There are two reasons which may 
underlie this difference. (a) The presence of the carboxyl group 
in the a-position in the ester may largely increase the probability 
of the formation of the reactive complex; this may arise from the 
formation of a co-ordinate link by the doubly-bound oxygen atom. 
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(b) Ifin the reaction with methylamine an aliphatic diazo-compound 
is not an intermediate, then the two reactive complexes are decom- 
posing in entirely different ways, the energies of activation could 
be quite different, and no parallelism would be expected. On the 
other hand, the fact that the two reactions both need the same types 
of molecular species suggests that they are similar in mechanism. 


THE Dyson PERRINS LABORATORY, 
OXFORD. [Received, July 9th, 1929.] 





CCLXVIII.—The Apparent Hydration of Ions. Part 
III. The Densities and Viscosities of Saturated 
Solutions of Ammonium Chloride in Hydrochloric 
Acid. 


By Jonn Writ1am INGHAM. 


THE ammonium ion, having special structural features, offers scope 
for interesting comparisons with the ions of univalent metals. The 
work upon mixed salt and acid solutions already described in 
Parts I and II (J., 1928, 1917, 2381) has therefore been extended to 
the study of ammonium chloride in hydrochloric acid solution, the 
solubility in acid of various concentrations having been determined 
together with the densities and viscosities of the solutions, all at 
25°. The experimental details were exactly as described in Part I. 

The results are given in Table I. In col. 1 are the densities ; 
col. 2 shows the viscosities (in c.g.s. units); cols. 3, 4, 5, and 6 
respectively give the concentrations (mols. /litre) of acid, salt, total 
solute (chloride), and water; col. 7, the sum of cols. 5 and 6, gives 
the total molarity; and col. 8 is the sum of cols. 4, 5, and 6 (see 


p. 2063). 
TABLE I. 


Total Total 
dz. 7 X 10°. HCl NH,Cl. solute. 4H,0. solution. 


1-0774 950-2 _ 5-715 5-715 42-84 48-56 
1-0787 975°3 0-433 5+285 5-718 43-31 49-03 
1-0808 1008-7 1-031 4-732 5-763 43-85 49-61 
1-0840 1051-3 1-710 4-133 5-843 44-43 50°27 
1-0848 1063-4 1-857 4-000 5-857 44:59 50-45 
1-0854 1072-6 2-073 3-814 5-887 44-73 50-62 
1-0907 1138-6 3-103 3-017 6-120 45-31 51-43 
1-0935 1170-7 3-560 2-706 6-266 45-46 51-73 
1-0958 1187-6 3-880 2-498 6-378 45°55 61-93 
1-1012 1235-0 4-575 2-092 6-667 45-66 52-33 
1-1111 1317-5 5-683 1-563 7-246 45:54 52-79 
1-1178 1370-5 6-322 1-336 7-658 45:29 52-95 
1-1293 1459 7-345 1-058 8-403 44-68 53-08 
1-1519 1655 9-116 0-810 9-926 43-09 653-02 
1-1774 1936 11-05 0-75 11-80 40-77 652-57 
12015 2250 12-92 0-87 13-79 37°95 51-74 
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Discussion of Results. 


Densities and Solution Volumes.—The figures in col. 7 of Table I 
are lower than those recorded for the salts previously examined, 
and it is at once evident that ammonium chloride shows a high 
volume effect compared with, say, sodium chloride. The low 
densities of the solutions are largely due to this large volume 
occupied by the ammonium ion. The table shows a similarity to 
that for potassium chloride (Part I, loc. cit.) in that there is no 
initial drop in the total solute concentration upon the first addition 
of acid to the saturated solution of the pure salt. In the region 
of highest acid strength, the salt content passes through a minimum 
value and this, again, is like the behaviour of potassium chloride 
and unlike that of sodium chloride. 

Ammonium chloride may be shown to have a solution volume of 
the same order as that of rubidium chloride. At 25° the saturated 
solution of the latter salt contains 6-025 mols. of salt and 42-86 mols. 
of water per litre. The water content is practically identical with 
that of the saturated ammonium chloride solution in pure water. 
Hence, if the water occupies the same.space in both solutions (i.<., 
if its solution volume is the same, which may only be approximately 
true), then 5-715 mols. of ammonium chloride occupy the same 
volume as 6-025 mols. of rubidium chloride. It is well known that 
the ammonium ion in a crystal of ammonium chloride approximates 
in size to the rubidium ion (Bragg, Phil. Mag., 1926, 2, 258; Gold- 
schmidt, Trans. Faraday Soc., 1929, 25, 253; ibid., Appendix, 
p. 282). 

Unlike the corresponding series of densities obtained in the case 
of the mixed solutions of sodium (or potassium) chloride in hydro- 
chloric acid (Part I, loc. cit.), that for ammonium chloride shows a 
gradual increase with increasing acidity, there being no minimum. 
Owing to the high volume of the ammonium ion and to its low mass, 
the replacement of the salt by acid and water is marked throughout 
by a net mass gain of the solution. In spite of these differences in 
behaviour, it is found that the densities can be expressed by the 


formula 
d? =K+ka+ kb 


over the greater part of the series; a and 6 are respectively the 
concentrations of acid and of salt. By applying the method of 
Campbell (‘‘ Measurement and Calculation,’ Longmans, Green 
& Co., 1928) to the first twelve values in the table, the constants 
were evaluated as K = 1-0148, k, = 0-01387, and k, = 0-01097. 
The same method of determining the constants when applied to 
the results for sodium and potassium chlorides leads to slight 
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revision of the values previously published. The three equations 
then become 


(NaCi) d? = 1-0092 + 0-01433a + 0-034846 
(KCl) d? = 1-0132 + 0-01373a + 0-03933b 
(NH,Cl) d?° = 1-0148 + 0-01387a + 0-010976. 


The equation for the first two series holds as far as the point of 
minimum density; that for the third series holds over the region 
of acid concentrations 0—6N. As has been pointed out elsewhere 
(Part II, loc. cit.), these formulz are based upon assumptions of the 
constancy of solution volumes, and their chief value is for the 
calculation of these quantities over a given range of concentrations. 
The first 12 densities of Table I are here calculated by the above 
formula : 


1-0774 1-0787 1-0808 1-0840 1-0848 1-0854 
1-0775 1-0788 1-0810 1-0839 1-0844 1-0854 
1-0907 1-0935 1-0958 1-1012 1-illl 1-1178 
1-0909 1-0938 1-0959 1-1012 1-1108 11171 


The solution volumes corresponding to the above equations are : 


Acid. Salt. Water. Solid salt. 
21-95 23-42 17-86 26-96 
22-54 34:77 17-79 37-44 
22-27 41-91 17-76 34-92 


The apparent solution volume of ammonium chloride is con- 
siderably higher than the molecular volume of the solid, which is 
34:92—34-96 at the ordinary temperature. It is interesting to 
observe, however, that the solid volume of rubidium chloride is 
43-10, so that this salt has a solution volume of the same order as 
its solid volume (perhaps slightly less as indicated by comparison 
with ammonium chloride, which gives approximately the same 
solution volume). These facts are explained by reference to the 
crystal structures of the two salts, for, whilst rubidium chloride 
conforms to the sodium-chloride type, of co-ordination number 6, 
ammonium chloride at ordinary temperatures belongs to the cesium- 
chloride group, of co-ordination number 8, having a more compact 
arrangement (Langmuir, J. Amer. Chem. Soc., 1919, 41, 1547; 
Bartlett and Langmuir, ibid., 1921, 43, 84; Wyckoff, Amer. J. Sci., 
1922, 4, 469). 

The solution volume of the ammonium ion is 19-64, being the 
difference between the salt and acid values above if the hydrogen 
ion is assumed to have no volume effect. The behaviour of the 
ammonium ion may now be summarised. It has in the crystal 
lattice a radius slightly smaller than that of rubidium, but gives 
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a rather larger solution volume than that ion. Both these ions 
are relatively large compared with the sodium and potassium ions, 
and will not be expected to show hydration to a measurable 
extent. 

Viscosities—The displacement of salt by acid in the solutions 
saturated with ammonium chloride causes an increase in viscosity 
throughout the series, the behaviour resembling that shown by 
potassium chloride. Comparison of the data for these two salts 
shows that, whilst the pure saturated solution of ammonium 
chloride (5-715) has a lower viscosity than that of pure saturated 
potassium chloride (4-199N) solution, with increasing acidity the 
viscosities approach and become identical at approximately 2N-acid, 
after which the ammonium chloride—acid solutions have consistently 
higher values than those of the potassium chloride-acid series of 
corresponding acidity. A curve of the data for ammonium chloride 
runs almost parallel to that for hydrochloric acid alone (lying 
between Curves I and II of Fig. 2, Part I, Joc. cit.) up to an acidity 
of about 81, after which the viscosities increase more rapidly than 
for pure hydrochloric acid solutions of corresponding acidities. 
Taking into account the facts that the ammonium chloride solutions 
have throughout for equal acidities greater total solute concen- 
trations than the potassium chloride solutions, and also that the 
latter salt is more rapidly precipitated as the acid concentration 
increases, the conclusion may be reached that any effects attribut- 
able to hydration are shown less by ammonium chloride than by 
potassium chloride. Thus the solutions containing potassium 
chloride below 2N-acidity owe their higher viscosities mainly to 
hydration of the potassium ions, although this may not be to a 
very high degree. Above this point, when the hydration and also 
the salt content have fallen off, the higher viscosities of the ammonium 
chioride solutions are mainly due to differences in total chlorine-ion 
concentration. 

The replacement by hydrogen ions of the metallic ions in the 
salt solutions considered, involves a general readjustment of the 
total number of particles present because of the small volume of 
the former ion. Thus the new solution may contain more water 
molecules although the increase in their number may be partly 
offset by an increase in the number of chlorine ions which are the 
largest species present. The effective number of particles in 4 
given solution may be taken to be the sum of the metal ions, the 
chlorine ions, and the water molecules. Any allowance for hydr- 
ation reduces the total number. The hydrogen ions will be non- 
effective as separate particles, being supposed to be combined as 
H,0° ions. 





incre 
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Sodium and lithium ions being small in themselves but hydrated 
to an effectively larger size, their replacement results in a fall in 
viscosity. The total number of effective particles probably increases, 
but any rise of viscosity due to this cause is masked. The variations 
in the total effective numbers of particles may be studied by referring 
to Tables I and If in Part I. Addition of columns 4, 5, and 6 
(salt, total solute, and water concentrations) gives the total number 
of particles uncorrected for hydration. Allowing 2 units for the 
hydration in the case of sodium chloride, we see that the series of 
values for the effective number of particles shows a gradual increase 
from 49 to 54 (expressed as mols. /litre), falling again in the regions 
of high acid concentration to 53. A similar test applied to the 
potassium chloride series gives descending values of 56-4—53 if no 
allowance is made for hydration allowance, and if one unit is 
allowed for this effect, the figures become 52—54-5, finally falling 
to 53. The changes of viscosity in these two series cannot, there- 
fore, be directly governed by the numbers of particles, but must 
also be referred to the sizes and to any specific effects such as 
hydration. 

On applying these ideas to the case of ammonium chloride, it is 
found that the number of effective particles (col. 8, Table I) shows 
a remarkable constancy over the greater part of the series, the 
values lying between 54-28 and 54-45, if no allowance is made for 
hydration. Any changes in viscosity may therefore be ascribed to 
factors not directly connected with the numbers of particles. The 
principal factors appear to be the alterations in the average size 
of particle present, and the consequent greater crowding, since the 
numbers remain the same. 

The solutions may be regarded primarily as containing the 
following species: NH,’, Cl’, H,O°, and H,O. The order of sizes 
derived from measurements of radii in erystals is NH, <H,O< 
H,0°<Cl’. The values given by Goldschmidt (Joc. cit.) for the ions 
(NH, 1-43, Cl’ 1-81, OH’ 1-4—1-5) are taken together with the 
further evidence as to the sizes of the water molecule and the 
ion H,0” in relation to that of the ion OH’, which may be obtained 
from the works of Rankine (Trans. Faraday Soc., 1922, 17, 719) 
upon the dimensions of gaseous hydride molecules, of Bragg and 
Bell (Nature, 1921, 107, 107) upon hydrogen chloride, and of 
Bragg (Proc. Physical Soc., 1922, 34, 98) upon the structure of ice 
and the dimensions of the hydrogen and oxygen atoms init. Thus 
the figures for ice give 2-76 for the sum of the diameters of the 
hydrogen and oxygen atoms, corresponding with the radius 1-38 
for OH’, which agrees with the lower limit above quoted. The 
increase for the formation of water based upon that found in the 
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case of hydrogen chloride will be of the order 0-26, giving 1-64, 
although actually this may be a high figure for the effective radius, 
since the two protons in the free molecule of water probably occupy 
the same orbit. Again, by taking the value 1-32 (Goldschmidt) 
for the ion O” and comparing it with that of OH’ (1-4—1-5), it 
may be argued that the radius of the water molecule will lie between 
somewhat higher limits, and will in fact be greater than that of the 
ammonium ion. Finally, the addition of the extra proton to give 
H,0° does not involve a large increase in radius, although it must 
have some effect in this direction, as in the case of the gaseous 
hydrides considered by Rankine. 

The increases in viscosity shown in Table I are due, therefore, 
to the replacement of the NH,’ ions by the larger H,O molecules, 
H,0° ions, and Cl’ ions according to the way in which the numbers 
of these species change in a particular case. The ammonium ions 
are probably not hydrated. Had the potassium ions in the parallel 
series of solutions been non-hydrated, their smaller size in con- 
parison with the ammonium ion would have resulted in the saturated 
solution of the pure salt having a viscosity lower than that of the 
saturated solution of pure ammoriium chloride, and consequently 
the rate of increase with addition of acid would have been greater 
than for the latter salt, whereas actually it is less. The ammonium 
chloride series gives a standard of comparison. 

More detailed quantitative examination of the data supports 
these arguments. First, there is the relationship already noted 
between the rates of increase of viscosity with increasing acidity 
for the ammonium chloride—hydrochloric acid series and for hydro- 
chloric acid alone. Over a range of acid concentrations of 0—9VJ, 
the viscosity changes are practically the same for equal increments 
of acidity in the two series. The data for hydrochloric acid given 
by Green (J., 1908, 93, 2033) have been used for comparison, 
values for acidities equal to those in Table I being obtained from 
a graph. Thus, for the first step, up.to 0-433 -acid, the viscosities 
increase by 0-00025 in each case; for the next step, to 1-031 N-acid, 
the differences are 0-00033 and 0-00032, and this close parallelism 
persists over the range stated. Since, in the one case the increase 
in acidity is accompanied by an equal increase in chlorine-ion con- 
centration, whereas in the other case the sum of the diminution of 
the ammonium-ion and increase of chlorine-ion concentrations 
equals the increase in acidity, the conclusion is that the ammonium 
ion gives an effect upon the viscosity almost exactly equal and 
opposite to that of the chlorine ion. The relationship is not one of 
exact equality because the relative changes of viscosity in the two 
series are not the same, the viscosities of the pure acid solutions 
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being throughout 5% lower, and also there are small differences in 
the numbers of effective particles in the pairs of solutions compared 
which will be in part responsible for the viscosity differences. 
From the roughly equal effects, it appears that the ammonium ion 
behaves as if it were as much smaller than a water molecule as the 
chlorine ion is larger, so that if the last be assigned its solution 
volume of about 22, the ammonium ion has an effective volume of 
about 14, water being taken as 18. The volume of the ammonium 
ion calculated in this way falls between that obtained for a partly 
hydrated potassium ion in a solution of low acidity and that for 
the same ion non-hydrated in solutions of high acidity. The result 
is therefore fully in accord with the viscosity data for these two 
salts. 

The equality of effects of the removal of ammonium ions and 
addition of chlorine ions may also be demonstrated by means of the 
empirical formula used in Parts I and II, viz., no — ny = $(ny +2) X 
2:56. For pure hydrochloric acid solutions, ¢ is equal to the solution 
volume of the chlorine ion multiplied by the change of concentration 
in mols. /c.c., t.e., 6 = 22-43(c, — c,)/1000. Since the rate of change 
of viscosity is the same in the ammonium chloride-acid series the 
formula applies with the same term, but (c. — c,) now expresses the 
sum of the decrease of the ammonium-ion concentration and the 
increase of the chlorine-ion concentration. Hence a calculation 
will give the ammonium ion an apparent volume value equal to that 
of the chlorine ion. The following example (from the second and 
third lines in Table I) will make this clear, the solution volume of 
the chlorine ion being taken as 22-27, since this is the value from 
the density data of the series. 


tg = 0-010087) 7, — 7, = 0-000334 
0-000334 x 2000 
0-019840 x 2-5 


Now, the change in chlorine-ion concentration is + 0-045 moll. /litre, 
and its volume effect is 0-045 x 22-27 = 1-00 c.c.; therefore, the 
nett volume effect of the ammonium-ion change is 12-47 c.c., and, 
the actual change being — 0-55 mol. /litre, it follows that the volume 
effect of the ammonium ion is 22-55. 

The mean value for the first ten experiments of the series is 22-65, 
the individual values varying between the limits 24-6 and 20-3. 
The constancy of the value is satisfactory in view of its derivation 
from relatively small viscosity differences. This constancy of effect 
of the ammonium ion is good evidence of the absence of hydration, 
variations of which would otherwise have led to considerable 





Hence, total volume effect = = 13-47 c.c./litre. 
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variations in the volume effects in the sense of a regular fall in the 
series, whereas the actual values vary irregularly round the mean. 

It is seen that the volume of the ammonium ion deduced from 
the viscosities, i.c., 14, as compared with 22 for the chlorine ion 
and 18 for water, is not in agreement with the value obtained from 
the densities, i.e., 19-64, this being greater than the corresponding 
value of water. The explanation of this discrepancy may be that 
the water molecule, not having complete spherical symmetry, has a 
proportionately larger effect upon viscosity than the completely 
symmetrical ions, whilst, as regards packing and its effect upon 
density, it retains its smaller volume effect. This would then mean 
that the series of values (Cl’ 22, H,O 18, NH,’ 14) derived from the 
viscosities is merely an index of relative influence as regards this 
property alone, and the fact that the chlorine-ion value (22-43) 
appears in the empirical formula for the viscosities would lose its 
direct physical significance of identity with the solution volume. 
Finally, the validity of the hydration values of the sodium and 
lithium ions given in Parts I and II would be open to question, 
since the whole series of values for the volumes of ions now deter. 
mined from the viscosities, which runs approximately 


K’ 12 (not hydrated), NH," 14, K* 16 (partly hydrated), H,O 18, 
Cl’ 22, Na* 32—23 (varying hydrations), Li’ 45—35, 


would be affected similarly. This, however, remains a matter for 
further investigation. 

In conclusion, we may consider the application to the present 
work of McLeod’s theory (Trans. Faraday Soc., 1923, 19, 6) of the 
connexion between free space and viscosity. The calculations of 
the free space have been made as in Part II, the radius 1-43 being 
used for the ammonium ion, the corresponding molecular volume 
for ammonium chloride being 20-35. The curve representing free 
space plotted against viscosity may be compared with those in 
Fig. 1, Part II. It lies above that for potassium chloride, com- 
mencing at a point 33-6, 7 = 0-0095, and falling with increasing 
free space to a noint 34-5, 7 = 0-01073, after which it rises with 
diminishing free space, finally crossing the curve for pure hydro- 
chloric acid solutions, as does the potassium chloride—hydrochloric 
acid curve, but at a higher point. Probably if an allowance were 
made for the small extra volume effect of H,O° compared with 
water, the initial droops on both these curves would disappear and 
the free space values would diminish throughout, but not at 4 
sufficient rate to account for the observed viscosity changes in 
comparison with solutions of hydrochloric acid alone. The fact 
that the eurve for ammonium chloride lies above that for potassium 
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chloride, especially as regards solutions of low acidities, brings out 
clearly the dependence of the viscosities upon other factors, the 
smaller numbers of particles and the absence of hydration for the 
former salt being the chief distinguishing features. 


Summary and Conclusions. 


The solubility of ammonium chloride in aqueous solutions of 
hydrochloric acid of concentration up to 13N has been determined 
at 25°. The densities and viscosities of the saturated solutions 
have also been measured. 

The results are compared with those previously obtained by the 
author for sodium and potassium chlorides and lithium chloride. 
The same type of formula, d = K + k,a + k,b, is found to apply 
for the relation between densities and the concentrations a and 6 
of acid and salt. The solution volume of the acid is substantially 
the same as in the solutions containing the other salts. The 
apparent density of the water is highest, and hence its solution 
volume lowest, in the solutions containing ammonium chloride. 
This salt gives a solution volume comparable with that of rubidium 
chloride, the ammonium ion having a relatively high volume com- 
pared with sodium and potassium, in accordance with the evidence 
from the measurements of radii in crystals. 

The principal factors governing the viscosities are the numbers 
of particles present and their sizes relative to that of the water 
molecule, which is the predominant species. The general treatment 
of the viscosity data is in agreement with these ideas if the relative 
sizes of the particles are based upon measurements of the radii of 
ions and atoms in crystals. 

The removal of an ammonium ion results in an increase in vis- 
cosity which is almost exactly equal to that caused by the addition 
ofa chlorine ion. The effects of both of these ions remain constant 
over a large part of the series of solutions examined. This constancy 
is taken as an indication of the absence of hydration for these ions. 
The ammonium ion has an effect upon viscosity relatively less than 
that of either the water molecule or the ion H,O°. Its effective 
size as regards viscosity is somewhat larger than that of a non- 
hydrated potassium ion, but smaller than that of the partially 
hydrated potassium ions in a saturated potassium chloride solution. 


Herior Watt CotLtece, EDINBURGH. [Received, July 16th, 1929.] 
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CCLXIX.—Piperitone. Part IX. Some Oxidation 
Reactions of Piperitone. 


By Joun Reap, ANDREW JAMES WATTERS, GEORGE JAMES 
RoBERTSON, and REGINALD SLATER HUGHESDON. 


THE disruptive oxidation of piperitone, leading to «-isopropyl- 
glutaric acid and various intermediate products, has been studied in 
some detail (compare J., 1924, 125, 129); but only scanty inform. 
ation is available concerning milder oxidative processes which leave 
the ring intact. Among the most noteworthy observations of the 
latter type, Smith and Penfold (J. Proc. Roy. Soc. N.S. Wales, 1920, 
54, 40) described the oxidation of the ketone to thymol, by means of 
ferric chloride in glacial acetic acid, and Roberts (J., 1915, 107, 
1467) was able to establish the production from it of diosphenol as a 
minor product of oxidation with neutral permanganate. Further, 
in 1923, a preliminary note was published by one of us (Sydney 
University Science J., 7, 25) pointing out that thymol is produced 
in appreciable quantities during the catalytic hydrogenation of 
piperitone by methods which were described at that time (J., 1923, 
123, 2916). A brief description is given below of a few experiments 
selected as typical of a prolonged series of investigations which we 
have since carried out in this field. 

In reviewing the main results of this work, it may be stated that 
thymol appears to be produced invariably during the catalytic 
hydrogenation of piperitone in presence of palladium, platinum, or 
nickel, the yield depending upon the conditions of the particular 
experiment. The results of most interest were obtained with the 
first of these catalysts. When the hydrogenation was accomplished 
at or near the ordinary temperature in the presence of colloidal 
palladium, according to Skita’s method (ibid., p. 2920), the first 
fraction of the product (b. p. 90—95°/16 mm.) consisted essentially 
of isomenthone. A second fraction (b. p. 95—116°/16 mm.), 
containing thymol, formed from about 10 to 65% of the product in 
different experiments; by extraction with alkali, this fraction 
furnished some 20—40% of its weight of crystalline thymol. Thus, 
under the conditions in question, piperitone gave yields of thymol 
of some 3—25%, the remaining material being chiefly isomenthone. 
In agreement with these observations, although the volume of 
hydrogen absorbed was always less than one molecular proportion, 
no unchanged piperitone could be detected in the product. As 4 
test for menthol, the combined second fractions from several 
experiments were treated with chromic acid, but the density rose 
slightly in consequence, instead of declining. 
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The formation of thymol from piperitone by Skita’s process is 
conditioned partly by undetermined factors, but dehydrogenation 
appears to be favoured inter alia by the presence of impurities in the 
piperitone and also by rise of temperature. Thus, a specimen 
of the ketone which had not been distilled after extraction by the 
sulphite process absorbed only 54% of the calculated volume of 
hydrogen when hydrogenated under an excess pressure of 0-5 atm. 
at 40°, about 23% being in this instance converted into thymol. 
Under similar conditions at 20—25°, the yield of thymol declined to 
15%. Moreover, l-piperitone, obtained by directly distilling the oil 
of Eucalyptus dives, without the intervention of sodium sulphite, 
absorbed practically the calculated volume of hydrogen at 35°, and 
the product contained only about 2% of thymol. A specimen of 
d-piperitone, isolated from the oil of Andropogon Jwarancusa in a 
similar way, gave still less thymol when hydrogenated at 18°. Of 
the other catalysts examined, palladised asbestos produced little 
effect on a mixture of vaporised piperitone and hydrogen at 350° ; 
whereas a marked dehydrogenation to thymol was brought about 
under similar conditions by platinised asbestos. At 180°, the 
action of nickel in presence of hydrogen was mainly additive, only 
about 1% of thymol being formed after 5 hours’ circulation; at 
about 360°, however, yields of thymol up to about 20% were 
obtained. According to a recent publication by Treibs and Schmidt 
(Ber., 1927, 60, 2335), a single distillation of piperitone over a nickel 
catalyst at 280° yielded a product containing 45% of thymol and 
32° of menthone, and similar results attended the use of the same 
catalyst at 200° and of a copper catalyst at 280°. These yields of 
thymol are appreciably higher than any we have observed; but 
most experiments of the kind under consideration are complicated 
by deterioration of the catalyst. 

It is thus clear that the hydrogenation of piperitone is a reversible 
process, and that an optimum temperature exists for any specific 
set of conditions; above this temperature dehydrogenation is 
accelerated, in conformity with the general principle of Sabatier and 
Senderens. As regards the mechanism of the process, Treibs and 
Schmidt (loc. cit.) state that piperitone may be dehydrogenated 
more easily than menthone, and that partial conversion to thymol 
occurs when it is merely heated to boiling (233°) in the presence of 
the catalyst. Under the conditions prevailing in our experiments, 
however, we consider the hydrogenation of piperitone to be an 
essential preliminary to its dehydrogenation. No trace of thymol 
could be detected in a specimen of piperitone which had been stirred 
continuously for 6 hours with Skita’s solution, in a current of 
nitrogen; hence, colloidal palladium appears to be incapable of 
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dehydrogenating piperitone in the absence of hydrogen. Similarly, 
a nickel catalyst described below was able to effect a partial de. 
hydrogenation at a high temperature in the presence of hydrogen, 
but not in an atmosphere of nitrogen. 

Even if direct dehydrogenation of piperitone may be excluded 
under certain conditions, the position is complicated by the un. 
doubted existence of mobile keto-enol equilibria, so that the main 
possibilities may be summarised in the following form (compare 
Read and Robertson, J., 1926, 2210) : 

+2H) (—45=) 


b Stil, ™~s > 
Piperitone (enol-) ae Menthone (enol-) ——-+> Thymol 


Menthone (keto-) 


Of the various tautomeric forms of menthone, A?-enol-menthone 
(I) appears to offer particular promise as a precursor of thymol, 
since the hydrogen atoms at positions (1) and (4) are each subjected 
to the conjoined activation of an ethylene linking and an alkyl group; 
passage to the unstable form (II), conditioned by the loss of these 
two hydrogen atoms, may perhaps be regarded as a preliminary 
to the complete stabilisation of the molecule by a further loss of two 
hydrogen atoms from positions (5) and (6), with a consequent passage 
to thymol (III). It is evident from a consideration of activating 
influences that enol-piperitone (IV) presents a molecular equilibrium 
of a higher order of stability than that of A?-enol-menthone (I). 


pecnc “tens weber 
nine eo» 
ake = ; ple ee 


(I.) (II) 
CH——CH CH,—CH, CH,’CH, 


Pré- CMe Pr*C Me Pr®CH CMe 
Og eee PMO eet AT 


(III.) (IV.) . oe 
It is interesting to note that the hydrogenation of either endl- 
piperitone (IV) or keto-piperitone (V), proceeding in strict accordance 
with Thiele’s theory, would lead directly to A?-enol-menthone (I). 
This product may be pictured as remaining enolic for a longer or 
shorter period, depending upon conditions, and possibly only those 
molecules which undergo dehydrogenation before tautomerisation 
are capable of giving rise to thymol, the remainder appearing 4 
stable ketonic menthone or isomenthone. According to this view, 
which is reserved for furtherexperimental inquiry, enolising influences 
operating during the course of the hydrogenation should favour the 
formation of thymol. 
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In certain respects piperitone is remarkably stable towards 
oxidising influences; thus, it was practically unaffected when 
vaporised and passed over a nickel oxide catalyst at 360° in admix- 
ture with air. Further, it is stable towards alkaline potassium 
ferricyanide and other mild oxidants. 

Piperitone appears not to form stable additive compounds with 
the halogens (compare Wallach, Annalen, 1918, 414, 271; Read and 
Smith, J., 1921, 119, 779). Although a molecular proportion of 
bromine is absorbed slowly by the ketone in various organic solvents, 
spontaneous evolution of hydrogen bromide accompanies the 
process. ‘The decomposition is accelerated by heat, and the resulting 
thymol is formed in company with relatively large quantities of 
bromomenthenone and tarry material. With the aim of controlling 
the conversion of the dibromide into thymol, numerous experiments 
have been carried out in which the product obtained by brominating 
the ketone in the presence of various liquids (ether, toluene, methyl 
and ethyl alcohols, water) was decomposed by heating it alone or 
with certain organic and inorganic bases (quinoline, piperidine, 
aniline, ammonia, sodium methoxide, potassium hydroxide, potass- 
ium carbonate, soda-lime, calcium carbonate). The highest yield 
of crystalline thymol recorded in these experiments, of which a few 
are outlined below, was 35% ; this was achieved when the decom- 
position was allowed to proceed under the influence of heat, without 
the interposition of a base. 

A reason for the poor yields of thymol furnished by such processes 
may perhaps be sought along the following lines. 1 : 4-Dibromo- 
menthone (VI), obtained by brominating menthone, yields thymol 
(111) readily when heated with quinoline (Ber., 1896, 29, 418), 
presumably owing to the proximity of the bromine atoms to the two 
methylene groups (5) and (6). In the case of piperitone dibromide 
(VII), however, no such smooth mechanism is apparent, since the 
elimination of the second molecule of hydrogen bromide from the 
intermediate bromomenthenone (VIII) demands a rearrangement of 
the molecule. The low yields of thymol from piperitone dibromide, 
and the presence of bromomenthenone in the product, may appar- 
ently be ascribed in part to this circumstance. 

CH,°CH, CH,°CH, 
(VL.) Pr8CBr< >CBr-Me Pr8-CH< Br-Me . (VIL.) 
CO—CH, C HBr 
CH,°CH 
(VIII.) PréCH< SCMe 
CO—CBr 


Chlorine, when passed into ice-cold piperitone, was absorbed with 
the formation of a product which liberated hydrogen chloride 
44 
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spontaneously. Chlorinated piperitone was found to behave very 
similarly to the brominated ketone, but the yields of thymol were 
somewhat lower. The highest yield, amounting to 25%, was 
obtained by chlorinating piperitone without a solvent and distilling 
the product directly. The results were not modified essentially by 
conducting the chlorinationin the presence of solid calcium carbonate 
or potassium carbonate. Iodine also reacted slowly with piperitone 
in alcoholic solution, and the product furnished a 10% yield of 
thymol when distilled. 

When emulsified with ice-cold bromine water, piperitone reacted 
to form a mixture of dibromide and bromohydrin, 42% of the 
bromine functioning in the latter reaction. It was not possible to 
isolate a bromohydrin in this way, but crystalline dl-piperitone 
chlorohydrin (m. p. 101—102°) was readily produced by Detcuf’s 
method (Bull. Soc. chim., 1922, 34, 102, 169, 176). The behaviour 
of this derivative towards oxidising and reducing agents was 
interesting : it was unaffected by chromic anhydride in glacial acetic 
acid, and was reconverted to piperitone by sodium amalgam or 
zinc dust. Although this new derivative might be expected to 
provide an easy route to diosphenoi and other difficultly accessible 
compounds, the elimination reactions so far examined have led to 
mixed products. In this last respect a similarity is apparent between 


the chlorohydrin and the dihalogenides of piperitone, although the 
two types differ widely in general stability. Sodium methoxide, in 
reaction with the chlorohydrin, gave a methoxyl derivative in 
association with other chlorine-free products ; and moist silver oxide 
furnished in small yield a compound which appeared to be an 
isomeride of diosphenol, this being possibly 2-hydroxy-A®-menthen- 
3-one. 


EXPERIMENTAL. 


Catalytic Dehydrogenation.—In the first of the experiments 
described below, the piperitone was extracted from the essential oil 
of E. dives with sodium sulphite, without being subsequently dis- 
tilled; in the remaining instances it was purified further, either by 
distillation under diminished pressure or by steam distillation. 
Electrolytic hydrogen was used throughout. 

1. Piperitone (35 g.) when hydrogenated under an excess pressure 
of 0°25 atm. in the presence of colloidal palladium at 25° (J., 1923, 
123, 2921), yielded a product of which 60% distilled at 90—95°/16 
mm. and consisted mainly of isomenthone. A second fraction, 
forming 27% of the crude product, distilled at 95—116°/16 mm. and 
smelt strongly of thymol. It underwent a contraction of 40% when 
extracted with dilute aqueous sodium hydroxide, and the oil obtained 
upon acidifying the extract crystallised when nucleated with pure 
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thymol, the yield of which in this instance was about 10% of the 
original piperitone. 

2. Vaporised piperitone mixed with hydrogen was passed at 350° 
over a palladium catalyst prepared by heating 5% palladised asbestos 
in a current of hydrogen for a short time at 200° (Zelinski, Ber., 1911, 
44,3121; 1927, 60, 1096). After one passage over the catalyst, the 
bulk of the product consisted of unchanged piperitone, but a small 
fraction with nj; 1-4970 contained about 25% of thymol. 

3. A platinum catalyst was prepared by heating 5% platinised 
asbestos in a current of hydrogen at 350° for 2-5 hours. Pineritone 
(10 c.c.) was vaporised and passed slowly over the catalyst in a 
current of hydrogen at 350°. The product obtained after a single 
passage had nj} 1-4958, and contained about 22% of thymol. No 
marked effect was apparent on reducing the pressure to about 
17 mm. during the process. 

4. The apparatus designed for the last two experiments was used 
also in further work with nickel catalysts. It consisted of a U-tube 
of fused silica (length 26-5 cm., diameter 1-8 cm.), provided with a 
side-tube on each limb. The catalyst occupied the bottom region 
of the tube, and was covered on both sides with purified pumice 
grains or asbestos wool in which the bulbs of two controlling thermo- 
meters were immersed. The U-tube was mounted in an electrically 
heated oven, and a special device allowed the mixture of hydrogen, 
piperitone, and reaction products to be circulated repeatedly in the 
gaseous phase over the heated catalyst (J. Soc. Chem. Ind., 1929, 
48, 2637). 

The nickel catalyst was prepared in two ways. (i) Small pieces 
of purified pumice were soaked in an aqueous solution of pure nickel 
nitrate (25 g. in 25 c.c. of water), excess of sodium hydroxide was 
added, and the mixture was boiled for a minute. The impregnated 
pumice was then washed free from alkali and dried in a porcelain 
dish on the water-bath. (ii) The pumice (22 g.), after having been 
stirred into molten nickel nitrate (25 g.) in a nickel basin, was 
calcined at a dull-red heat. 

Piperitone was practically unaffected when passed once, in 
admixture with nitrogen, at 290° or 350° over catalyst (i) which 
had been reduced in hydrogen at 360° for 2-5 hours. In a similar 
experiment, in which hydrogen was substituted for nitrogen at 355°, 
the product had ni§° 1-4915 after one passage over the catalyst 
and contained about 10% of thymol. A practically identical 
result attended the similar application of catalyst (ii), reduced at 
360°. The yield of thymol was not increased appreciably by 
circulating the piperitone through the apparatus continuously for 
5 hours. Slightly higher yields of thymol, ranging from 12% to 
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16%, were obtained by using preparations of catalyst (ii) which had 
been reduced at 290—300°, instead of at 360°. In an experiment 
mentioned by Hughesdon, Smith, and Read (J., 1923, 123, 2924), 
continuous circulation for 5 hours at 180° of a mixture of liquid 
piperitone (145 g.) and hydrogen over catalyst (ii), reduced at 
340—350°, resulted in the formation of less than 1% of thymol. 
It may be added that in all experiments of the above types conducted 
at high temperatures with piperitone which had been isolated from 
the oil of HZ. dives by fractional distillation only, the product dis. 
played a deep indigo-blue colour (compare Treibs and Schmidt, 
loc. cit.). 

Direct Oxidation.—1. Upon passing a slow stream of oxygen 
through dl-piperitone (25 c.c., nif 1-4859), maintained at 200—210°, 
the value of ni rose to 1-4912 and 1-4992 after 3-5 and 9 hours, 
respectively. A minute quantity of thymol was extracted from the 
product by means of aqueous alkali, and the change in refractive 
index appeared to be due mainly to slight polymerisation. 

2. When piperitone vapour mixed with air was passed once over 
nickel oxide prepared according to method (ii) above, the ketone 
remained substantially unaltered’ at temperatures up to 360°. 
Upon passing a mixture of vaporised piperitone and oxygen once 
over 5% platinised asbestos at 340°, nearly 10° of the ketone was 
oxidised to thymol. 

Bromination.—1. A cooled solution of piperitone in dry ether was 
gradually treated with bromine (1 mol.) in the same solvent. The 
heavy oil whichremained after removal of the ether inacurrent of dry 
air at the ordinary temperature evolved hydrogen bromide slowly, 
and eventually yielded a viscid black liquid with an odour of thymol. 
The decomposition was hastened by heating the product on the 
water-bath, and a preparation which was treated in this way and 
then distilled in a vacuum gave a 30% yield of thymol. The yield 
was depressed by adding piperidine or aniline (2 mols.) before heating 
the brominated product, and no definite anilide or piperidide could 
be isolated. The yield of thymol was not improved by brominating 
piperitone in toluene and heating the product with aqueous potass- 
ium hydroxide. In such instances, the organic or inorganic base 
removed only a part of the bromine, and hydrogen bromide was 
liberated during the subsequent vacuum distillation. The thymol 
was accompanied by a heavy oil, insoluble in alkali. This contained 
bromine and behaved as a bromomenthenone. A considerable 
proportion of the piperitone was converted into a black tarry 
material, which remained in the distilling flask. 

2. Bromination of piperitone (20 g.) in cold methyl alcohol, 
followed by heating with sodium methoxide (2 mols.) in the same 
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solvent, yielded a product (13-2 g.) which passed over slowly when 
steam-distilled. The first fraction (11 g.) was a clear yellow oil, 
which contained no bromine and behaved as an unsaturated sub- 
stance; it possibly consisted partly of 2-methoxy-A*-menthen- 
3-one (Found: C, 71-1; H, 8-9. Cale. for C,,H,,0,: C, 72-5; 
H, 9-8%). 

3. When piperitone (11 g.), emulsified with ice-water (250 c.c.), 
was shaken continuously during the gradual addition to it of 
bromine (11-6 g.) dissolved in an aqueous solution (150 c.c.) of 
potassium bromide (10 g.), decolorisation occurred slowly. Titra- 
tion disclosed that 58-2°% of the bromine had reacted to form 
dibromide, leaving 41-8% to function in producing bromohydrin 
and hydrogen bromide (compare J., 1928, 1487). A small quantity 
(2-6 g.) of crystalline thymol was obtained by heating the oily 
product under reflux with dilute aqueous potassium hydroxide. 

In other experiments the formation of bromohydrin was reduced 
to a minimum by adding a 25% solution of bromine in aqueous 
potassium bromide to a non-emulsified mixture of equal weights of 
piperitone and cold water. Treatment of the product with aqueous 
potassium hydroxide, followed by distillation, afforded a 30% yield 
of thymol. The yield rose to 35°% when the product was distilled 
directly, without the intervention of the alkali. 

4. Bromine (1 mol.) was slowly absorbed when shaken with an 
aqueous solution of the bisulphite compound of piperitone. Hydrogen 
bromide was liberated upon evaporating the solution to small bulk 
on the water-bath, and when extracted with alkali the product gave 
a 35% yield of thymol. 

Action of Hypochlorous Acid.—The addition of hypochlorous acid 
to piperitone was conveniently effected by the method of Detoouf 
(loc. cit.), a solution of piperitone in acetone containing glacial 
acetic acid being shaken for several hours with a slight excess of 
an aqueous solution of monochlorocarbamide. Most of the acetone 
was removed by distillation under diminished pressure, and the 
remaining liquid was extracted with ether. The resulting yellow oil 
crystallised partly when cooled in ice. After six recrystallisations 
from light petroleum, fine needles of dl-piperitone chlorohydrin, 
m. p. 101—102°, were obtained (Found : C, 58-6; H, 8-7; Cl, 17°1. 
C,)H,,0,Cl requires C, 58-7; H, 8-3; Cl, 17-3%). The substance 
has a faint mint-like odour, and is readily soluble in organic solvents. 
A yield of 9-1 g. was obtained from 20 g. of dl-piperitone, a lachrym- 
atory oil being formed as a by-product. Piperitone with a high 
levorotation gave only a minute quantity of a crystalline derivative, 
associated with much oil; a specimen of the ketone having «jy 
— 243° gave an intermediate yield of crystalline chlorohydrin, 
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having [«]» + 5-2° (in acetone, c= 1-0). The liquid product 
appeared also to consist of chlorohydrin, but it decomposed when 
submitted to distillation under diminished pressure. 

The chlorohydrin failed to give a crystalline derivative when 
treated with benzoyl chloride or p-nitrobenzoyl chloride in 
pyridine. It was unaffected when heated on the water-bath with 
a solution of chromic anhydride in glacial acetic acid. No definite 
product was obtained by heating it with aqueous or alcoholic 
potassium hydroxide or with quinoline. When reduced in 55%, 
aqueous alcohol with sodium amalgam, it yielded piperitone. A 
certain amount of piperitone was also formed by reducing the 
chlorohydrin with zine dust in the presence of methyl alcohol. 
Treatment with sodium methoxide in methyl alcohol removed the 
chlorine and yielded a colourless oil (n§ 1-4748), consisting of an 
impure methoxyl derivative (Found: OMe, 9-3. Cj, 9H,,0-OMe 
requires 17-1%). When heated on the water-bath with an excess 
of moist silver oxide, the chlorohydrin gave a yellow oil which still 
contained chlorine. Repeated fractional distillation of the oil under 
diminished pressure furnished a first fraction which was free from 
chlorine and had njj° 1-4640. This substance (Found: C, 71°8; 
H, 9-9. C, 9H,,.0, requires C, 71-4; H, 95%) decolorised bromine 
in carbon tetrachloride, and was insoluble in dilute aqueous potass- 
ium hydroxide, but further characterisation could not be undertaken 
with the small amount of material available. 


We express our indebtedness to the Carnegie Trust for a Scholar- 
ship and a Fellowship which enabled one of us (A. J. W.) to take part 
in this investigation, which is being continued. 
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CCLXX.—Studies of Valency. Part XIII. Further 
Experiments on the Molecular Structure of the 
Quadrivalent Derivatives of Tellurium. 


By Tuomas Martin Lowry and FRanNK LATHE GILBERT. 


In the following paper the properties of the quadrivalent derivatives 
of tellurium are reviewed in the light of the structures assigned by 
Drew (this vol., p. 560) to Vernon’s «- and §-dimethyltelluronium 
dihalides and to the bases from which they are derived. Most of 
the experiments were made before we had access to the manuscript 
of Drew’s paper, but the later stages of the work were carried out 
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in correspondence with him and, in part, with materials which he 
very kindly placed at our disposal. Our observations are entirely 
in accord with Drew’s principal conclusion, that the conversion of 
the «- into the $-dihalides involves the wandering of a methyl group 
from one atom of tellurium to another, and on this basis we have 
been able to account for a number of anomalies for which no 
adequate explanation had hitherto been given, e.g., the contrast in 
colour between the «- and £-salts, the anomalous conductivity data 
of the 6-base, and the inflected curves obtained by electrometric 
titration of this base. We have also been able to verify Drew’s 
conclusion by colorimetric measurements of the dihalides prepared 
by synthesis and by molecular rearrangement, and moreover to 
extend it to the corresponding compounds of the ethyl series, from 
which we have separated specimens of the monoethyltri-iodide, 
TeEtI,, and of the triethyl monobromide and monoiodide, TeEt,Br 
and TeEt,I. 

We also concur in Drew’s opinion that the {-salts “ are correctly 


represented by the general formula Me,'Te . . . TeMeX,, equivalent 
to the co-ordination formula [Me,Te]TeMeX,, in which all the 
halogens and alkyl groups are covalently linked to tellurium ” ; 
but we think that he has laid undue stress on the contrast between 
the physical properties of the «- and B-dihalides, which have formed 


the subject of our own recent investigations. Support for his 
statement that the «-dihalides “ are broadly non-polar in character,” 
but that the @-dihalides “are complex substances of salt-like 
character, having the same empirical formula ” can be obtained from 
the data now recorded for the conductivities of the bromides and 
iodides in acetonitrile. The contrast, however, is only one of 
degree, and further evidence is needed before we should feel justified 
in concluding that the conducting molecules of the §-salts are 
necessarily complex whilst those of the «-salts are always monomeric. 
In any case the contrast between the “ broadly non-polar ” «-com- 
pounds and the “ salt-like ” §8-compounds of the dimethyl series 
(which we failed to observe when experimenting with these sub- 
stances over a period of two years) is obviously not applicable to the 
corresponding compounds of the diethylseries, where both dichlorides 
and both dibromides are liquids whilst both di-iodides are solids. 
Finally, we wish to put on record the view that, whilst Drew has 
finally disproved the supposed stereoisomerism of the «- and 
8-compounds, the title of his paper, in so far as it implies that the 
-compounds cannot exist in dimeric forms, is still unjustified. In 
particular, since the complex salts of the §-series evidently dis- 
sociate very easily into their components, especially in the case of 
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the liquid ethyl compounds, we are unwilling at the present stage 
to rule out the possibility that crystallisation of the like molecules 
of an «-dihalide, e.g., TeMe,I,, may give rise to a complex of similar 
type to (although of less stability than) those formed by the unlike 
molecules, e.g., TeMe,I and TeMel,, of a “ dihalide ” of the 6-series, 

Although this view cannot yet be fully proved, since X-ray analysis 
of the crystals has shown that their structure is more complex than 
we had anticipated, it is nevertheless supported very strongly by the 
data, already given by Vernon and Knaggs (J., 1921, 119, 105), for 
the two iodides, which are as follows : 


System. Axial ratios,a:b:c. Axial angle, p. dj}. 


a Monoclinic holohedral 0-5578 : 1: 0-4310 82° ‘235 3-338 
0-5465 : 1 : 0-4222 76° 52’ 3-305 


99 9 


“ The similarity of the two forms is so close that they stand to one 
another much in same relation as the members of an isomorphous 
series’ (idem, ibid.). The morphotropic relations are therefore 
already sufficient to justify a belief in the general similarity of 
structure of the two solid compounds, but we are informed that 
their equality of density makes it almost impossible to accept the 
contention that one compound consists of non-polar molecules 
whilst the other has a salt-like or ionic lattice, since in the latter case 
the properties of the crystal would be modified profoundly by the 
electrostatic forces between the ions. The a priori evidence is 
therefore strongly in favour of the view that the solid phase of the 
a-compounds may have a structure of similar type to that assigned 
by Drew to the 8-compounds. 

This conclusion also makes it possible to provide a plausible 
interpretation of two additional phenomena for which no clear 
explanation has yet been given. In the case of the 8-compounds, 
the solid phase may be either a complex salt, [TeMe,]*[TeMel,]-, or 
a mere aggregate or ‘‘ double salt ” of the two components, which 
we can represent as TeMe,I,TeMel,. In the complex formula all 
the atoms are “ covalently linked to tellurium ” and may be expected 
to contribute to the colour of the complex ion, but in the double 
salt one of the iodine atoms should be colourless as in TeMe,]; 
moreover, a concentration of halogen atoms on a single carbon atom 
is known to produce a disproportionately great effect on the absorp- 
tion. The existence of a labile red and a stable purple solid form 
of the bromotri-iodide, TeMe,Br,TeMel, or [TeMe,]+{TeMeBrl,]- 
(Drew, loc. cit.), could therefore be explained by formulating the 
red crystals as the “double salt” and the purple crystals as the 
“complex salt.” In the same way; the existence of an orange 
high-temperature form and a purple low-temperature form of 
cyclotelluripentane di-iodide (Morgan and Burgess, J., 1928, 321), 
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which cannot be explained by any mere rearrangement of the 
lattice, and must therefore be attributed to some change of molecular 
structure, could be accounted for if the stable phase at low tem- 
peratures were a dimeric complex salt, e.g.,[C;H,9Tel]*[C;H,9Tel,]-, 
which was dissociated at higher temperatures into a monomeric 
form. The facts that both forms yield identical yellow solutions, 
and that the crystals are interconvertible, although without a 
well-defined transition temperature, are in accord with the usual 
characteristics of reversible changes of this type. 

The incomplete character of some of the data now recorded is 
inevitable in view of the properties of the dialkyltellurides and their 
derivatives, which are so objectionable that experimental work can 
only be undertaken intermittently and on a limited scale. For 
this reason, we do not propose to undertake any further work with 
these simple derivatives, and are now confining our attention to an 
attempt to resolve some of the aryl derivatives into optically active 


components. 


EXPERIMENTAL. 
1. Absorption Spectra. 
Fig. 1 (see also Table I) shows the molecular extinction coefficients 
of two simple trihalides and four double or complex salts prepared 
by Drew. The coefficients of Drew’s “ 8-dihalides ” are shown by 


full lines in comparison with broken lines showing the values of the 
“ 9.dibromide ” and “ 6-di-iodide ’’ prepared by Vernon’s method ; 
to prevent overlapping, the molecular extinction coefficients for 
these two pairs of curves are plotted for one atom of tellurium as in 
Vernon’s formule for the @-salts. The agreement of the full and 
broken curves provides quantitative evidence of the identity of the 
“g-salts ’’ prepared by synthesis and by molecular rearrangement. 
The tribromide, TeMeBr,, which has not been examined pre- 
viously, resembles the “‘ 8-dibromide ” (J., 1928, 310) in showing 
only a ‘‘ step-out ”’ in the ultra-violet, but this is not so well-defined 
and occurs at an intensity which is about 6 times less than in the 
dimeric ‘‘ 8-dibromide’’; on the other hand, the tribromoiodide, 
TeMe,I,TeMeBrs, which is eight times more absorbent in the visible 
region than the simple tribromide, gives indications of a second 
step-out, which is perhaps an early stage in the development of the 
twin maxima of the iodoform band (J., 1926, 622). These are 
developed fully in the bromotri-iodide, TeMe,Br,TeMel,, as well as 
in the tri-iodide, TeMelI,, the curve for which is practically identical 
throughout with that for the “ 8-di-iodide ’’ when the values for 
the latter compound are doubled to correspond with Drew’s formula 
for this salt. The fourth atom of iodine in the dimeric “ 8-di-iodide ” 
saat os no increase of absorptive power as compared 
A 
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with the simple tri-iodide, but this result could be explained by the 
dissociation of the complex in these very dilute alcoholic solutions, 


Fie. 1. 


Molecular extinction coefficients of synthetic B-salts. (In order to avoid over. 
lapping, > values for B-TeMe,Br, and B-TeMe,I, are plotted for one atom of 
urium. 
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TaBLeE I. 
Molecular Extinction Coefficients of the 8-Dihalides. 


(a) Selective absorption. 
Maxima. 

— log « = 4:14 at 3500 A.U.; log « = 4-37 at 2900 AU. 

-TeMe,I, : 

“Vernon’s” log « = 3-80 at 3630 A.U.; log « = 4-25 at 2860 AU. 

Synthetic log « = 3-79 at 3550 A.U.; log e = 3-95 at 2880 A.U. 
TeMe,Br,TeMel, log « = 3-64 at 3480 A.U.; log « = 3-90 at 2890 A.U. 
B-TeMe,Br, : 

“ Vernon’s ”” Step out: log « = 4-0 from 2780 to 2560 

Synthetic Step-out : log « = 3-9 from 2800 to 2600 


(b) General absorption. 
TeMe,I,TeMeBr, log « 


= 4000. 3500. 3000. 2500. 
= 3-06 3-37 3-53 3-76 
TeMeBr, loge = 2-34 2°75 3-27 3°88 
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Fig. 2 shows the results of a series of experiments designed to test 
the semi-polar formula which we have assigned to the dihalides 
(J., 1928, 319). We anticipated that a mixture of iodide and cyanide 
would form a mixed salt of the type [TeMe,CN]I, which would be 
colourless like the hydroxyiodide, [TeMe,OH]I, but that a mixture 
of iodide and perchlorate would form a mixed salt of the type 
[TeMe,1}C10,, in which the colour of the di-iodide would not only be 
retained but would be intensified because each molecule would yield 


Fie. 2. 
Molecular extinction coefficients of mixed salts (in alcohol). 


























5000 4000 3000 2000 
Wave-length, AU. 

two molecules of the coloured iodo-perchlorate. The results, which 
are set out in Table II and plotted in Fig. 2, show that the extinction 
coefficient at 3440 A.U. of an alcoholic solution of the di-iodide was 
decreased by about 34° when mixed with an equivalent quantity of 
the dicyanide, but increased by about 66% when mixed with an equiva- 
lent of perchlorate. The reactions may therefore be expressed as 


TeMe,I, + TeMe,(CN), <> [TeMe,CN]I, 
2 


TeMe,I, + TeMe,(C10,). == [TeMe,I]CI0,. 
1 
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a-Dimethyltelluronium diperchlorate, TeMe,(ClO,)., prepared by 
mixing a solution of the «-base with 2 equivs. of perchloric acid, 
evaporating the solution to a syrup, and crystallising it in a vacuum 
desiccator, separated in colourless crystals, m. p. 37° [Found, by 
conversion into di-iodide: TeMe,I,, 124. TeMe,(ClO,), requires 
TeMe,I,, 125°5%]. 

a-Dimethyltelluronium dicyanide, TeMe,(CN),, was prepared by 
acting upon the iodide with silver cyanide; the solution was 
evaporated in a vacuum desiccator, and the cyanide separated in 
colourless needles, m. p. 90° [Found, by conversion into di-iodide : 
TeMe,I,, 193. TeMe,(CN), requires TeMe,I,, 196%]. 


TABLE II. 


Molecular Extinction Coefficients of Perchlorate, Cyanide, 
and Mixed Salts. 
Salt. Solvent. Maxima. 
a-TeMe,I, Chloroform log e = 4:33 at 3400; log e = 4-40 at 2720 
a-TeMe,I(ClO,) Alcohol log « = 3-94 at 3440; log « = 4-12 at 2560 
a-TeMe,I, Alcohol log « = 3-72 at 3440; log « = 4-00 at 2720 
a-TeMe,(CN)I Alcohol log « = 3-54 at 3420; log e = 3-70 at 2740 
a-TeMe,I, Water log « = 2-40 at 3330 


General absorption. 


a-TeMe,(CIO,), Alcohol log « = 1-36 at 2800 to log « = 2-20 at 2500 
a-TeMe,(CN), Alcohol log «= 1-8 at 2900 to log « = 3-20 at 258) 


2. Conductivities. 


(a) In Water.—In Fig. 3, we have plotted, against the square root 
of the concentration, the values already recorded (J., 1928, 1998, 
3186) for the conductivities of the “ 8-bases ”’ of the dimethyl and 
diethyl series. It will be seen that the dimethyl base, unlike the 
diethyl base, gives an approximately linear relation between A and 
Vc, and therefore behaves as a strong electrolyte, but with a 
limiting conductivity Ay = ca. 37 only. If, however, we make use 
of Drew’s dimeric formula, the limiting conductivity, A, = 74, 
becomes comparable with that of a binary salt, such as trimethyl- 
ammonium acetate, for which A, = 50 + 40 = 90, or triethyl 
ammonium propionate, for which A, = 34-6 + 364=71. We 
therefore regard Vernon’s @-base as the trimethyltelluronium salt 
of Drew’s telluracetic acid and assign to it the complex formula 
[TeMe,]*[O-TeO-CH,]-. A simple calculation, based upon the Px 
of the solution, then shows that this salt is hydrolysed to the extent 
of only 0-06% at a concentration of M/32, and that only 0-2% of its 
conductivity is due to hydroxy! ions. On the same basis, we call 
also interpret the inflected curves which we obtained in the electro- 
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metric titration of the 8-base (J., 1928, 2003) as due to the two 
consecutive reactions 
(i) [TeMe,]*[O*TeO-CH,}- + HCl = [TeMe,]*Cl- + HO-TeO-CH, 
(ii) HO-TeO-CH, + HCl = [CH,’TeO}*Cl- + H,0, 
where the amphoteric telluracetic acid of equation (i) behaves as a 
univalent base in equation (ii). 
Finally, in order to account for the fact that the 8-dihalides, in 
spite of their more complex structure, are hydrolysed to the same 


Fie. 3. 
Conductivities of B-bases. 
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extent and have almost the same conductivity in water as the 
«-dihalides, we have measured the conductivity in a series of aqueous 
solutions of Drew’s monomethyl tribromide and tri-iodide. The 
results set out below are in good agreement with the equation 
151 256 512 1024 2048 4096 

a 989 996 1001 1003 

= 975 979 983 987 992 998 

TeMeX, + H,O = [TeMeO]X + 2HX, which requires a limiting 
conductivity of about 40 + 75 + 2 x 425 = 965, on the assumption 
that ‘“ telluracetyl bromide ” and “ telluracetyl iodide ” are strong 


TeMeBr, A®* 
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binary electrolytes and are not hydrolysed to any marked extent in 
solution. The slightly higher values recorded experimentally cannot 
be attributed to hydrolysis of these monohalides, since the conduc. 
tivities are almost independent of the dilution, but they may be due 
to the formation of a condensed kation of higher mobility, 
comparable with the condensed kation of the crystalline 
oxyiodide I[TeMe,-O-TeMe,]I. 

(b) In the Fused State—The measurements of conductivity 
hitherto published refer exclusively to aqueous or aqueous-alcoholic 
solutions, in which the dihalides are hydrolysed almost completely to 
oxy- or hydroxy-halides. In order to remedy this defect we have 
measured the conductivity of some typical halides in the fused state 
and in non-aqueous solutions (see below). With one exception, 
marked with an asterisk, the specific conductivities of the fused salts 
were measured in a vessel with a cell constant of 9-42 cm.-!. The 
other vessel, which had a cell constant of only 0-000457, had been 
designed for measurements of specific inductive capacity, but the 
conductivity of the liquid was too great to enable us to measure 
the dielectric constant of the molten salt. The results were : 


(i) a-TeMe,Cl,, m. p. 97°. Fused,x =3 x 10° at 105°. 
Solid, «=7 x 10-*at 0°. 
(ii) a-TeEt,I,, m. p. 57°. *Fused, x = 4-6 x 10-* at 68°; 2-9 x 10-‘ at 64°. 


Solid, x =4 x 10% at 0°. 


Biltz (Z. anorg. Chem., 1924, 133, 312; 1926, 152, 267) found that 
the fused chlorides of metals fell into two groups, the specific 
conductivities at the melting point being 10-! or 10-* approximately. 
A few chlorides (e.g., BeCl, and Hg,Cl,) had intermediate conductivi- 
ties, and it is clear that the «-dialkyltelluronium dihalides must be 
classed with these. 

(c) In Non-aqueous Solvents.—The specific conductivities of some 
typical «- and §-dihalides in methyl alcohol, acetonitrile, benzo- 
nitrile, and chloroform (of specific inductive capacities, 31, 39, 26, 
and 5, respectively) are set out in Table III. For the sake of com- 
parison the tercovalent oxyiodide, I[TeMe,*O-TeMe,]I, has also 
been examined in methy] alcohol and in chloroform. 

(i) Methyl alcohol was purified by the method of Hartley and 
Raikes (J., 1925, 127, 524). The first sample (x = 0-5 x 10 at 25°) 
was comparable with that used by Hartley and Frazer (Proc. Roy. 
Soc., 1925, A, 109, 311), but the conductivity of the second sample 
could not be brought below 1-9 x 10-°. The alcohol was always 
used immediately after distillation, since its conductivity increased 
on keeping. The molecular conductivities of the salts are plotted 
against the square root of the concentration in Fig. 4, with values 
for potassium iodide calculated from Hartley’s formula. The 
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Tasiez III, 


Molecular Conductivities of «- and 8-Dialkyltelluronium Dihalides 
in Non-aqueous Solvents at 25°. 

(i) Methyl alcohol. 

v= 32 64 128 256 512 1024 2048 4096 
KI (Hartley) 82-2 91-7 98-5 103-3 106-6 109-0 110-6 
*q-(TeMe,),01, 48 64 82 102 120. 133 
*q-TeMegl, 2°9 4-3 6-7 10 16 26 41 $3) 
+a-TeMe,Br, §80 96 144 22 34 54 84 126], 
+p-TeMegI, 64 80 107 146 198 | 
+p-TeMe,Br, 81-5 93 121 153 192 230 261 


* Solvent had x = 0-5 x 10-. + Solvent had x = 1-9 x 10°. 
t These numbers probably refer to products of interaction with the solvent. 
§ Atv = 41-7. | At v = 90. 


(ii) Acetonitrile. 

| 
+ , , 12 — 
6 ° ° 13-9 
4 . 
1 


*q-TeMe,I, 2 
+a-TeMe,Br, 32 864: — 
+8-TeMe,I, 66- 726 74 76 (79) 
+p-TeMe,Br, {63-7 70-8 74 79-2 80-7 (84) 
* Solvent had « = 1-5 x 10-. ~ Solvent had « = 2:8 x 10~. 
t Atv = 76. 


(iii) Benzonitrile, x = 1-1 xX 10. (iv) Chloroform, « = 0-1 x 10-6. 


a-TeMe,I, v = 183, A= 0-71. a-TeMe,I, v = 7-5, A= 0-0015. 
a-(TeMe,),0I, v = 64, A = 0-0026. 


tercovalent oxyiodide, I[TeMe,°O-TeMe,]I, behaves as a ternary 
electrolyte, its molecular conductivity being substantially greater 
than that of potassium iodide at concentrations less than M/1000; 
extrapolation gives A} = 162 approx., from which we may 
subtract 2 x 61 for the two iodide ions, leaving about 40 units for 
the mobility of the kation. The molecular conductivities of the 
a- and 8-dihalides, on the other hand, attain values which are much 
higher than those deduced by assigning to the ion [TeMe,I]* or 
[TeMe,Br]* the same mobility as [TeMe,°O-TeMe,]**, e.g., Aj” = 
40 + 61 = 101. Since every available precaution was taken to dry 
the alcohol, in view of the known risk of hydrolysing these salts in 
presence of a mere trace of water, we suspect that there may have 
been a definite interaction with the solvent, just as there must be 
when an ester is saponified with sodium methoxide in anhydrous 
methyi alcohol, e.g., TeMe,I, +- MeOH = [TeMe,OMe}I + HI, com- 
pare C,H,-CO,Me + KOMe = C,H,°CO,K + Me,0. In this con- 
nexion it may be noted that Vernon (J., 1920, 117, 897) postulated 
the formation of a dimethoxy-compound, TeMe,(OMe),, as a product 
of distillation of the “‘ 8-base.” 

(ii) Acetonitrile (which cannot be purified with phosphoric oxide) 
was dried with fused calcium chloride and fractionally distilled 
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three times over a range of 0-05°. In Fig. 5 the molecular con. 
ductivities of the «- and §-dimethyltelluronium dibromides and 
di-iodides have been plotted against the square root of the concen. 
tration. The @-salts show a linear relation between A and Vc, and 
extrapolation gives A?’ = 79 and 84 for the bromide and iodide 
respectively. These values, which refer to a single atom of tellurium, 
are similar to those observed in solutions of silver nitrate and of 
sodium iodide, both of which give A* = 160 in acetonitrile. The 
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«-salts, on the other hand, give very much lower values and are 
obviously behaving as weak electrolytes. The oxyiodide was not 
examined, since it gave a white precipitate, readily soluble in water, 
and a yellow solution which may have contained the di-iodide. 

(iii) Benzonitrile was purified by Martin’s method (J., 1928, 
3275) and had a specific conductivity « = 1-1 x 10%. The «-di- 
iodide is a poor conductor in this solvent, but no measurements were 
made of the £-salt. 

(iv) Chloroform was purified by being shaken with calcium 
chloride to removealcohol and water, and then carefully fractionated. 
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The conductivity of the «-di-iodide is very small, but is similar to 
that of the oxyiodide, which behaves as a strong electrolyte in water. 


3. Solubilities. 


The following table shows the approximate weight of «-dimethyl- 
telluronium di-iodide dissolved by 10 c.c. of various organic solvents 
at 25°. 


Acetone . , Acetonitrile 
Ethyl] alcohol 
Chloroform . g. Carbon tetrachloride 
(Increasing rapidly with cycloHexane 
temperature.) 


4. Parachors. 


Dipheny] telluride, for a sample of which we are very greatly 
indebted to Mr. W. H. Mills, was dried with fused calcium chloride, 
and distilled at 190°/15 mm. The densities and surface tensions 
were measured at 19°, 32°, and 58°, capillaries of radius 0-4765 and 
0:2177 mm. being used; these measurements gave a mean value 
[P] = 457-4, of which 380 units can be assigned to the two phenyl 
groups, leaving a residue for one atom of tellurium of 77°4 + 1-0. 

Of the six dihalides studied by Vernon, the «-dichloride is the 
only one with which measurements of the parachor could be made, 
and even here there is only a very narrow margin between the 
melting point at 97° and the temperature of decomposition (which 
is rapid above 110°). Eight measurements at 105° showed a mean 
deficiency of 15-8 units as compared with the value for bivalent 
tellurium in dipheny] telluride. 

The dihalides of the diethyl series melt at much lower temperatures, 
so that there is less risk of decomposition. The fused «-di-iodide 
showed a mean deficiency of 24-7 units at 67—78°, and the liquid 
“ 8-dibromide ” at 0° and at 22-8° showed a mean deficiency of 
26-4 units on each atom of tellurium. 

The observations on the dimethyl dichloride may perhaps be 
questioned, since they show a deficiency of only 16 instead of the 
expected 26 units, as in the «- and 8-diethyl compounds; but there 
was no obvious difference between them, except the higher tem- 
perature at which the fused methyl compound was examined. 

The experimental data are given in Table IV, the surface tension, 
y, having been determined by the method of capillary rise. 


5. Analysis and Synthesis of “‘ 8-Dihalides ”’ of the Diethyl Series. 
Drew separated the “‘ 8-dihalides ’’ of the methyl series into their 


component salts by making use of the unequal solubilities in water 
of the trimethyl bromide or iodide and the monomethy] hydroxide, 
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TABLE IV. 


Parachors. 
Diphenyl telluride, Te(C,H;).. 
Densities (determined with silica floats calibrated in mixtures of bromo. 
form and toluene): dy 1-601, dj 1-582, dj 1-543. 
Kraft and Lyons (Ber., 1894, 27, 1768) give di- 1-574, dy” 1-556. 
At 19°: y= 45-4 45-3 45-4 46-0 45-4 
[P] = 456-4 456-4 456-4 458 456-4 
At 32°: y= 43-6 43-6 43-9 43-5 
Pj} =, 457-2 457-2 457-8 457-2 
At 58°: y= 40-6; [P] = 460-7. 
Mean of 10 values, [P] = 457-4. Te = 457-4 — 380-0 = 77-4+ 1-0. 
a-Dimethyltelluronium dichloride, TeMe,Cl,, m. p. 97° 
di: = 2-102 (determined in a density bottle of 2 c.c. capacity suspended 
in a boiling salt solution). 
At 105°: y= 43-7 454 456 47:0 46:9 47:3 45:6 44:7 
[P] = 279-4 281-9 282-3 284-4 284-2 284-7 282-3 280-8 


Mean of 8 values, [P] = 282:5. Z[P] = 298-3. Deficiency = 15-8. 


a-Diethyltelluronium di-iodide, TeEt,I,, m. p. 57°. 
di’ = 2-707, di’ = 2-716, di = 2-720, d&” = 2-732. 
/ = 67° 67° 67° 60° 70° 78° 78° 78° 
= £0 46-8 47-7 473 45:9 453 493 60-2 
(P} = 427-4 422-3 423-8 421-6 421-2 421-3 430-0 432-0 


Mean of 8 values, [P] = 425-0. 2Z[P] = 449-7. Deficiency = 24-7. 


B-Diethyltelluronium dibromide, TeEt,Br,TeEtBr, or (TeEt,)TeEtBr,. 
Density of liquid (determined in a density tube with a capacity of 0-2 c.c.): 
dy. = 2-420, dz* = 2-360. 


At 0°: y 44-8 44-7 44-1 
FI 378-7 378-6 377-1 
At 22-8°: 48-5 49-2 47:3 
(P} = 376-8 378-1 3745 


Mean of 6 values, [P] = 377-3. 2Z[P] = 403-7. Deficiency = 26-4. 


i.e., TeMe,Br or TeMe,I and Me‘TeO-OH. The separation of the 
“* §-dihalides ” of the diethyl series into their component simple 
salts is more difficult, and we have only succeeded in isolating in a 
pure state for analysis small samples of the monoethy] tri-iodide and 
the triethyl monobromide. Thus when the ethyl base was mixed 
with half an equivalent of hydrogen iodide, triethyltelluronium 
iodide was obtained as a sparingly soluble, pale yellow product, 
m. p. 115° (Found: I, 35-7. Cale.: I, 37-2%), but we did not 
succeed in separating the salt in a pure state. With hydrogen 
bromide, however, a colourless soluble salt was obtained, which 
decomposed at 215° and was identified as triethyltelluronium 
bromide (Found: Br, 26-9. Cale. for C,H,;BrTe: Br, 27-2%). 
The residue, which should contain telluropropionic acid, gave with 
hydrogen bromide a yellow oil, which was perhaps ethyltelluronium 
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tribromide; but since this was not obtained in sufficient quantities 
for adequate purification, involving in this case a separation from 
the liquid ‘‘ 8-dibromide,”’ it was not analysed. 

More successful results were obtained by working with a solution 
of the solid “‘ 6-di-iodide’”’ in acetone. Thus, when this solution 
was mixed with a solution of potassium iodide in acetone, a colour- 
less precipitate was obtained, which had the general properties of 
triethyltelluronium iodide, since it was readily soluble in water and 
gave a neutral solution from which no precipitate was thrown down 
by the addition of aqueous hydrogen iodide. On the other hand, 
when a solution in acetone of the crude “‘ 8-di-iodide ” (obtained by 
adding hydrogen iodide to a solution of the “ «-tellurone ” in dilute 
hydrochloric acid) was merely diluted with chloroform, the solution 
slowly deposited black needles, decomposing at 135°, which were 
identified as the hitherto-unknown ethyltelluronium tri-iodide 
(Found: I, 71-0. C,H,;Tel, requires I, 70-7%). This compound 
gave a colourless solution in water, which had a strongly acid 
reaction and was evidently hydrolysed extensively like the trimethyl 
compound. 

Synthetic experiments in the diethyl series are only practicable 
in the case of the ‘‘ 8-di-iodide,’’ since the dichlorides and dibromides 
are liquid, and they are rendered difficult by the ease with which 
the complex salts of this series are dissociated. Thus, whereas the 
trimethyl iodide dissolves in acetone in presence of the methyl 
tri-iodide to form the double salt (TeMe,)TeMel,, pure acetone and 
pure methyl alcohol merely extract the soluble monoethy] tri-iodide 
from a mixture with powdered triethyl monoiodide, and deposit it in 
an impure form, instead of giving the double salt. Similar results 
were obtained when an attempt was made td prepare a mixed 
double salt from the triethyl monobromide and the monoethy]l tri- 
iodide. Up to the present, therefore, we have only been able to estab- 
lish the structure of these @-salts by analysis and not by synthesis. 


6. Structure of the Tellurones. 


The experiments described below were made in order to test, in 
the light of Drew’s experiments, the earlier statements of Vernon, 
who prepared dimethyltellurone, TeMe,O, (C, 10-50; H, 3-19. 
Cale.: C, 12-6; H, 3-20%), by evaporating an aqueous solution of 
the «-base with hydrogen peroxide, and described it as an insoluble 
amorphous powder, which decolorised permanganate and liberated 
halogens from the halogen acids. He then stated, but without 
giving any experimental details, (i) that “the tellurone gives 
8-dihaloids with halogen acids,” (ii) that the 6-base gave the same 
product, although it was oxidised less readily than.the «-base. 
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Our experiments have confirmed the first of these two statements, 
since we have obtained good yields of pure “ 8-di-iodide” by 
oxidising Vernon’s «-base to the tellurone, dissolving the insoluble 
tellurone in very dilute hydrochloric acid, and then adding a more 
concentrated solution of hydriodic acid or of potassium iodide to 
precipitate the insoluble ‘“ 8-di-iodide.”” Good yields of the “ £-di- 
iodide ” have also been obtained in the diethyl series by recrystallis- 
ing from methy] alcohol (instead of from acetone by the addition of 
chloroform) the crude product obtained by the action of hydriodic 
acid on the insoluble tellurone (Found: Te, 58-0. Calc. : Te, 58-6%) 
formed by atmospheric oxidation of the «-base. These observations 
are important, since they prove that the Vernon transformation can 
be effected, not only by desiccating the «-base, but even more 
readily by oxidising the «-base to a tellurone and then reducing this 
to a 8-salt by the action of a halogen acid; they show, moreover, 
that this type of transformation can be effected by either process in 
the corresponding compounds of the ethy] series. 

Unexpected difficulties were encountered, however, in attempting 
to confirm the second of Vernon’s statements, since we have not 
found it possible to prepare a typical specimen of the tellurone by 
the action of hydrogen peroxide on the 8-base of either series. Thus, 
whereas the oxidation product from Vernon’s «-base was insoluble 
in water (but soluble in dilute hydrochloric acid, of which it reduced 
the conductivity very considerably), the oxidation product from 
the $-base was a soluble deliquescent salt with a high conductivity 
of its own (A = 112—131 at v = 98—784, for two atoms of tellur- 
ium). In the same way the oxidation of the $-base of the diethyl 
series gave a soluble deliquescent product, which gave A = 176—231 
at v = 135—1080, also calculated on two atoms of tellurium. 

A clue to the origin of these differences was obtained by oxidising 
Vernon’s $-base with hydrogen peroxide and reducing the product 
with hydrogen iodide, whereby an insoluble black residue of “ 8-di- 
iodide ” was obtained, together with a dark red solution from which 
Drew’s monomethyltelluronium tri-iodide, TeMelI,, could be 
extracted with ether. If we regard the @-base as a mixture of 
TeMe,OH and Me-TeO-OH, these observations show clearly that 
there has been a preferential oxidation of the trimethyltelluronium 
radical, since the monomethyl radical is now in excess. The loss 
of carbon from the system was also confirmed by analysis, since the 
soluble deliquescent product, for which conductivity data are 
cited above, gave C, 8-64; H, 2-28; whereas the calculated values 
are: for TeMe,O,, C, 12-6; H, 3-16; for TeMe,O, C, 12-03; H, 
3-01; for TeMeO-OH, C, 6-9; H, 2-29; and for its anhydride, 
C, 7-2; H,1-8%. The percentage of carbon is even lower than that 
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found by Vernon, but the analysis corresponds fairly well with the 









ents, 

” by composition deduced for a sample of 8-base which had been oxidised 
luble partially to telluracetic acid. 

more A similar destruction of the trimethyl radical was observed when 
le to Vernon’s «-base was oxidised to the tellurone and then acted upon 
8-di- by hydrobromic acid. Instead of the insoluble @-dibromide, a 
allis. yellow solution was obtained, from which Drew’s monomethyl- 





telluronium tribromide could be extracted with ether; the trimethyl 






m of 
jodie monobromide had presumably been oxidised away by the bromine 
6%) set free from the acid by the oxygen of the tellurone. Preferential 





oxidation of the trialkyl radical appears to take place even more 
easily in the ethyl series, where a soluble deliquescent product was 
obtained by oxidising the «-base with hydrogen peroxide and 
evaporating the solution to dryness, although a typical insoluble 
tellurone was obtained from the base by atmospheric oxidation. 

In view of these results, we concur with Drew in the conclusion 
that Vernon’s oxidation product was not a tellurone, since we regard 
it as unlikely that a methyl or ethyl radical should migrate during 


‘lons 
can 
nore 
this 
ver, 
s in 






































bing 

not the conversion of our oxidation products into $-salts under the 

by conditions described above. On the other hand, if the trimethyl- or 

us, triethyl-telluronium radical was already present in these oxidation 

ble products, Vernon’s analyses and our own justify us in formulating 

ced them as [TeMe,]*[TeMeO,]- and [TeEt,]*[TeEtO,]-, their sparing 

om solubility corresponding with that of the ‘“ $-dihalides,” 

ity [TeMe,]*[TeMelI,]- and [TeEt,]*[TeEtI,]-. 

ur- 

yl The soluble oxidation products from the $-bases are perhaps 

31 mixtures of the unchanged base with free telluracetic or telluro- 
propionic acid. 

- We are indebted to the Worshipful Company of Salters for a 

Fellowship granted to one of us (F. L. G.), which covered the period 

li- a Per pe 

h in which this research was made. 

he UnIversiry CHEMICAL LABORATORY, 

of CAMBRIDGE. [ Received, May 16th, 1929.] 
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8 CCLXXI.—The Micro-estimation of Selenium and 

e Tellurium in Organic Compounds. 

e 





By Harry DucaLp Kerra Drew and CHARLES RAYMOND PORTER. 


No microchemical method has yet been worked out for the quanti- 
tative precipitation and filtration of either selenium or tellurium. 
In the present paper we describe processes which enable these 
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elements to be estimated in some 5—20 mg. of initial material: 
the degree of accuracy attained is at least equal to that on the 
macro-scale, and the processes offer very material advantages in 
respect of time and labour. 

Selenitum.—The usual process for the estimation of selenium in 
organic substances is that described by Bauer (Ber., 1915, 48, 507), 
in which the selenium is transformed to the dioxide by heating at 
250° with nitric acid in a Carius tube. The contents of the tube 
are washed with water into a flask and boiled under reflux with 
at least 100 c.c. of concentrated hydrochloric acid until nitrous 
fumes have been driven off, and the selenium is then precipitated 
by means of sodium sulphite. Other reducing agents (e.g., sul- 
phurous acid) have been used by other investigators. 


Capped filter tube. 


soo 


Asbestos 








After many trials, we found that ‘this procedure, when applied 
on a microchemical scale, results in loss of selenium, small but 
appreciable and inconstant amounts escaping with the acid fumes, 


in which, after condensation, its presence may be detected. We 
tried next to remove the nitric acid by evaporation on a water- 
bath; but here again we found a loss of selenium owing to the not- 
negligible volatility of the dioxide (contrast Gutbier and Engeroff, 
Z. anal. Chem., 1915, 54, 193). The problem was solved, however, 
when we observed, somewhat unexpectedly, that the removal of 
the nitric acid was superfluous, the simple passage of sulphur dioxide 
into the solution, in presence of an excess of hydrochloric acid, 
being sufficient to destroy the nitric acid and bring about after an 
interval the quantitative precipitation of selenium. 

The filtration of the element was first tried in sintered-glass 
micro-filters, but penetration of the diaphragm by finely divided 
selenium occurred. The difficulty was obviated by coagulating 
the selenium by further heating at 100°, and filtering through a 
Pregl micro-Gooch crucible fitted with a capillary cap (see fig.) to 
stabilise the humidity condition of the asbestos. 

The preliminary decomposition of the material was attempted, 
in suitable cases, by heating with fuming nitric acid in micro- 
Kjeldahl flasks, but it was found preferable to use the Carius 
method. The handling of Carius tubes on the micro-scale becomes 
a much simplified process. 

The method finally adopted may be summarised as follows: 
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The material (5—20 mg., corresponding to 3—5 mg. of selenium) 
is decomposed in the Carius tube with some 0-3 c.c. of fuming nitric 
acid (d 1-50). The contents of the tube are washed into a boiling- 
tube with alternate rinsings of water and concentrated hydrochloric 
acid, and the liquid (about 10 c.c.) is heated on a boiling water-bath 
while a stream of sulphur dioxide is being passed through it. When 
the whole of the selenium has been transformed to the black variety 
(about 20 minutes), the liquid is cooled and filtered through the 
micro-Gooch crucible with the aid of a siphon tube, the vessel and 
delivery tube are thoroughly rinsed with water and alcohol, and the 
capped crucible is then dried at 110° during ten minutes in a stream 
of filtered air, in the manner described by Pregl for halogen pre- 
cipitates, and weighed with the usual precautions. Table I shows 
the results of analyses, all weights being given in milligrams. 


TABLE I. 


Se, %. 
Amount Se _— 
Substance. taken. found. Found. Calc. 
Selenium (pure, recrystallised) 5-665 5-635 99-5 100-0 
” 2? ” 5-339 100-5 100-0 
Selenium acetylacetone ° 6-918 44-75 . 


9 > 8-505 44: 6 
Selenium benzoylacetone . 5-874 32-8 
Selenium dehydrobisdibenzoylmethane . 3-461 15-15 


Selenium w-phenylacetylacetone , 5-965 30°85 
2-065 31-1 31-25 


4075 29:35 29-65 
¥ 5-460 29-5 29-65 
3-382 29°8 29-65 


3? 9? > 


We concluded from other experiments that, in order to avoid the 
possibility of interference by atmospheric humidity effects, it was 
not advisable to weigh less than about 2-5 mg. of selenium. The 
contents of the filter need not be changed for a further estimation, 
even after long standing; but, unless analyses are carried out in 
succession on the same day, the filter should be re-washed with 
water and alcohol, dried, and weighed again, before a fresh deter- 
mination is made. 

Tellurium.—The standard process for the estimation of tellurium 
is that of Lenher and Homberger (J. Amer. Chem. Soc., 1908, 30, 
387; compare Gutbier and Huber, Z. anal. Chem., 1914, 53, 430). 
We had little difficulty in applying this method on a micro-scale. 
Owing to the low vapour pressure at 100° of tellurium dioxide 
and oxychloride, solutions of the dioxide in dilute nitric or 
hydrochloric acid may be evaporated to dryness on a water-bath 
without detectable loss of tellurium. Precipitation of tellurium 
by sulphurous acid and hydrazine hydrochloride is micro- 





2094 THE MICRO-ESTIMATION OF SELENIUM AND TELLURIUM, ETC. 


chemically quantitative in the presence of 15% hydrochloric 
acid and no trace of tellurium afterwards redissolves in the acid 
(contrast Menke, Z. anorg. Chem., 1912, '77, 282). The preliminary 
decomposition of the organic tellurium compound may be effected 
in a micro-Carius tube, but in the case of most non-aromatic tel. 
lurium compounds decomposition is safely carried out by heating 
with fuming nitric acid in micro-Kjeldahl flasks. Filtration of the 
precipitated tellurium is quantitative in the micro-Gooch crucible 
used for selenium. Sintered glass filters are equally serviceable, 
since tellurium is much more readily filtered than selenium. 

The experimental details are as follows: The substance (about 
10—15 mg.) is decomposed with fuming nitric acid (d 1-50) in a 
Carius tube (0-3 c.c. of acid) or in a micro-Kjeldahl flask (3—4 c.c. 
of acid), and the liquid is rinsed into a small porcelain evapor- 
ating dish with water and taken to dryness on the water-bath. The 
residue is dissolved by adding 10% hydrochloric acid (3 c.c.) and 
the solution again evaporated on the water-bath to a syrup. The 
dish is covered with a small clock glass, and 10° hydrochloric acid 
(3 c.c.) is added, followed by freshly prepared, saturated, aqueous 
sulphurous acid (3 c.c.) and 15% aqueous hydrazine hydrochloride 
(2 c.c.). The mixture is heated during ten minutes on the water- 
bath with gradual addition of more sulphurous acid (2 c.c.), and 
the tellurium is then filtered and washed with the aid of hot water 
and alcohol. The filter crucible is dried and weighed as in the case 
of selenium. Table II shows the results of analyses. 


TaBLeE II. 
Te, %. 
Amount Te o_o 
Substance. taken. found. Found. Cale. 


Tellurium acetylacetone 8-221 4-676 56-9 56-55 
Tellurium ethylacetylacetone 12-628 6433 50-9 50-3 
9» 99 *” 6-058 3-078 50-8 50-3 
Tellurium ethylacetylacetone dichloride 13-777 5-418 39-35 39-4 
Tellurium dimethylacetylacetone 11-770 5-916 50:25 503 


The same filter crucible may be used repeatedly without renewal 
of the filter plug or removal of the precipitate, even when it has 
stood for many days. In spite of observations to the contrary in 
the literature, we have observed no tendency of precipitated 
selenium or tellurium to become oxidised. 

The Estimation of Halogen in Tellurium Compounds.—We observed 
during the above investigation that chlorine, bromine, and iodine 
can be estimated with accuracy on a micro-chemical scale even in 
presence of tellurium. Chlorides and bromides may be decomposed 
by heating in micro-Kjeldahl flasks with concentrated nitric acid 
containing an excess of silver nitrate; but iodides should be decom- 
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posed first with aqueous halogen-free potash before the iodine is 
precipitated, in the cold, with nitric acid containing silver nitrate. 
Fuming nitric acid should never be used, as its presence occasions 
minute but appreciable losses of halogen whether tellurium is present 
or not, as is shown by the results with pure sodium chloride given 
















ating 

f the — in Table III. 

cible Taste III. me . 

alogen, %. 

able, Amount ae : - 
Substance. taken. Found. Cale. 

bout Tellurium ethylacetylacetone dichloride ......... 5-762 21-65 21-85 

: a a $4 SatiT  vcbeeoetend 2-485 21-85 21-85 

ee Oe ee ee ee cee ee 9-281 21-6 21-85 





Tellurium butyrylpropionylmethane dichloride 5-846 20-65 20-95 













Ce, 
Tellurium methyltribromide ...........s-seeeeeeeeee 22-578 62-85 62-7 
pos. Tellurium methyltri-iodide ................ssseeeeeees 2555 72°75 72-35 
The ee ST SEED AYERS FES VERE 5 6-899 60-65 60-65 
and ee ei ODTI! Wedbbshevaecsdatnh kantddchaty<4dehsapeee> 4-504 60-4 60-65 
n 
The When fuming nitric acid (d 1-50) was used, the following 
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variable and inaccurate results were obtained : 

Sodium chloride (4—8 mg.) gave Cl, 59-65, 59-5, 58-85, 56-4% ; 
tellurium ethylacetylacetone dichloride (5—14 mg.) gave Cl, 20-75, 
21-35, 21-55, 210%. Possibly, under these conditions traces of 
nitrosyl halide escape before full contact with the silver salt can be 
established. 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, July 17th, 1929.] 

















CCLX XII.—The Transference of Water and its Depend- 
ence on Concentration in the Electrolysis of Sodiwm 
Chloride Solutions. 


By Mituicent Taytor and Epwarp WILLIAM SawYER. 


In 1909 Washburn (J. Amer. Chem. Soc., 34, 322) published careful 
measurements of the changes in concentration of a non-electrolyte 
during the electrolytic migration of the ions of salts in aqueous 










n 
d solution. Assuming these changes to be due to the transport of 
water by the icns, he was able to calculate the total water trans- 
ported during the passage of one faraday of electricity. Some 
doubt, however, is thrown on the significance of these results, owing 
to the high molecular weight of raffinose, C,,H3,0,,, which was the 





only reference substance found by Washburn to give concordant 
results. 

; Coehn (Z. Elektrochem., 1909, 15, 622) observed the Tyndall cone 
In sucrose solutions and stated that this sugar migrates in the 
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electric field, hence raffinose, having a much higher molecular 
weight than sucrose, would be expected to show this phenomenon 
more strongly. 

Newbery (J., 1917, 141, 487), who concludes from experiments 
on overvoltage that the hydration of sodium and chlorine ions is 
highly improbable, attributes the results obtained by Washburn to 
the adsorption of ions by, and consequent migration of, the large 
raffinose molecules, and is of the opinion that this source of uncer. 
tainty can be eliminated only by the use of a reference substance of 
low molecular weight. 

One of us (J. Amer. Chem. Soc., 1928, 50, 3261) has pointed out 
that urea (carbamide), with its low molecular weight, its low 
dissociation constant, 1-5 x 10-4 at 25°, and its great stability 
when pure at the ordinary temperature, together with the ease and 
accuracy with which it can be estimated, constitutes an almost 
ideal reference substance in this type of experiment. 

Washburn’s experiments (loc. cit.) were carried out with the 
chlorides of sodium, potassium, lithium, and, later (ibid., 1915, 37, 
694), of cesium, and in view of the small amount of water trans. 
ported, the concordance of the results is remarkable. The fact 
remains, however, that with each salt only one complete experiment 
was carried out in which the weight of transported water was calcu- 
lated from the composition and weight of both anode and cathode 
solutions; moreover, the experiment with sodium chloride as 
reported in the first paper was only partly successful, and although 
repeated in 1915, the results showed less satisfactory agreement 
than those obtained with the other chlorides. 

In view of Newbery’s conclusion, therefore, we decided in our 
preliminary investigation of the efficiency of urea in this type of 
experiment to work with sodium chloride of approximately 
0-5M -concentration. 

As the result of two complete migration experiments, we find 
undoubted movement of water in the direction indicated by Wash- 
burn’s work. The values for the weight of water transported per 
faraday of electricity agree more closely among themselves than do 
those of Washburn, and are somewhat larger. The probable cause 
of this larger value is discussed below. 


EXPERIMENTAL. 


The migration apparatus shown in the figure is designed to afford 
several middle portions for analysis and to minimise disturbance 
due to diffusion and convection. The main features are the long 
distance between anode and cathode compartments, the composite 
nature of the middle section, and the large size of the two-way taps, 
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A and B, which can be closed in the thermostat immediately the 
electrolysis is stopped. These taps not only cut off the middle 
from the electrode portions, but each also encloses some 70—80 c.c. 
of solution, which can be withdrawn for analysis through the 
openings C or D. The middle section, made of silica, consists of 
some 18 parallel tubes of about 4’ diameter leading at each end 
into a common wide tube. The object is to ensure that the middle 
portion shall be kept at a temperature as constant as that of the 
































thermostat (viz., 25° + 0-02°) and to prevent convection. With the 
exception of the middle section, the whole apparatus is made of 
borosilicate glass. 

This form of apparatus permits the removal of five middle por- 
tions, by the analysis of which the extent of diffusion of urea or 
electrolyte can be determined. Any portion differing in composition 
from the original solution can be included in the adjacent electrode 
portion. In the experiments here described, it was not found 
necessary to distinguish more than three middle portions, although 
the whole of the contained solution is included in the analytical 
results. This entailed weighing of each part of the apparatus, but 
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since any changes in composition of portions adjacent to the electrode 
portions were very slight, the only weights required with great 
accuracy were those of the anode and cathode portions. 

The Electrodes—The silver chloride cathode was prepared as 
described by Washburn (loc. cit., 1909), except that, in view of the 
difficulty of complete removal of silver and silver chloride from the 
cathode tube after the experiment, a check was kept on its weight 
by precipitating a known weight of silver nitrate as chloride. Then, 
after transfer of the main portion of chloride with electrolyte 
solution to the cathode tube, the remainder was collected on a filter 
and estimated in the usual way. Thus the weight of silver and 
chloride in the cathode at the end of the experiment could be 
calculated. 

The anode was Washburn’s B type, consisting of electrolytic 
crystals of silver in a Soxhlet thimble. 

Two silver coulomb-meters, one at each end of the migration 
apparatus, gave the total current passed and served to indicate the 
magnitude of any electrical leak. In the first experiment, when 
such leak occurred, it was detected. by the much more sensitive 
method of earthing the metal edge of the thermostat through the 
tongue and a moist finger. The results of the first experiment, 
although qualitatively interesting, were discarded on account of 
this leak. 

Materials—The electrolytic solution was made with distilled 
water of specific conductivity 0-9 x 10-* mho at 25°. 

The urea (Kahlbaum’s purest), after being finely ground and dried 
for about 12 hours at 95—100°, melted at 133-0—133-5°. Its 
0-11M-solution in the above conductivity water was neutral to 
litmus and possessed a specific conductivity of 1-8 x 10 mho. 

The sodium chloride, also Kahlbaum’s pure material, was ignited 
in platinum immediately before being weighed, and with the urea 
was dissolved in a weighed quantity of conductivity water. The 
solution was kept in well-stoppered Jena bottles, the vaselin used 
on the stoppers having been repeatedly extracted with boiling 
distilled water. 

The Migration Experiment.—After careful weighing of the anode 
and cathode compartments together with their respective caps and 
stoppers, the silver anode, and the cathode plate of silver coated 
with silver chloride were put in position, the silver chloride was 
added, and after all internal joints had been greased lightly with 
vaselin, the whole apparatus was put in position, filled with solution, 
and all external joints were coated with paraffin. The apparatus 
was then immersed in the thermostat, the only projecting parts being 
the narrow glass tubes carrying the anode and cathode leading wires. 
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When the temperature of the thermostat became steady, a current 
of about 80 milliamps. was passed for 14 hours; the current was 
then stopped,.the taps A and B were closed, the whole apparatus 
was removed on its stand from the thermostat, and the portions of 
solution between the electrode portions and the taps A and B were 
transferred to weighed flasks by means of weighed pipettes. As 
care was taken to avoid deep immersion of these pipettes during 
withdrawal of the solution, and as the total weight of liquid clinging 
to either of them, internally and externally after use, was about 
0-15 g., the error due to loss of externally clinging liquid was 
negligible. This was all the more the case, since if those portions 
differed at all in composition from the original solution the difference 
was very slight. 

The electrode compartments fitted with their special caps and 
stoppers are dried, kept for about an hour in the balance case, and 
weighed with the usual precautions. The caked silver chloride 
cathode is thoroughly broken up by means of a stout, weighed silver 
wire, which after use is bent back on itself and left in the electrode 
compartment. Both solutions are then left for several days in 
contact with the electrode, the whole apparatus being turned over 
and shaken at intervals. Before withdrawal of the solutions for 
analysis the total weight is again checked, and every solution is 
tested for neutrality to litmus. 

Method of Analysis.—The urea was estimated gravimetrically as 
described by Taylor (J. Amer. Chem. Soc., 1928, 50, 3261), being 
digested in a silica flask under pressure with slight excess of standard 
hydrochloric acid, subsequently neutralised with standard caustic 
soda. To estimate the sodium chloride, the neutral solution was 
transferred to a weighed platinum dish, and evaporated in a steam- 
oven at about 60°. During evaporation, the dish was covered by a 
platinum lid supported about 1 cm. above its edge. After evapora- 
tion to dryness, the lid was firmly fitted on to the dish, which was 
gradually heated in an air oven up to about 150°. Finally, the lid 
being still kept on, the dish was heated from above downwards with 
a naked flame till it attained constant weight. 

The small known weight of salt formed by neutralisation of the 
acid was subtracted from the total weight of salt in the dish, after 
correction of the latter for buoyancy of the air. The original 
solution was analysed in the same way and changes in concentration 
were determined by a comparison of the initial and final analytical 
values. 

Since the quantity of rinsing water used in the above process was 
somewhat large, the tendency was to give a value for the sodium 
chloride which was about 0-1% too high (see Table I, Expt. 2). 
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To avoid this, a modification was introduced in Expt. 3 which 
reduced the quantity of rinsing water to about 10 c.c. Before 
neutralisation of the acid in the digestion flask, very small quantities 
of conductivity water were repeatedly drawn in through the side 
tube. After neutralisation, the side tube was dried in a current of 
air scrubbed through cotton wool, and its cleanliness ascertained by 
inspection. Uniformity of the liquid in the flask was ensured by 
careful shaking, and after being weighed, the contained liquid was 
poured into the evaporating dish, and the flask and clinging liquid 
were immediately weighed again. 

By subsequently weighing the clean dry flask, the fraction of the 
total liquid evaporated was determined. Since the standard acid 
was prepared by the method of Hulett and Bonner (J. Amer. Chem. 
Soc., 1909, 31, 390), whose silver chloride analyses of a given acid 
solution differ by about 0-1%, the analytical values for the original 
urea solution as compared with the quantity of material weighed 
out do not afford any criterion, within 0-1%, for the purity of the 
urea. The suitability of the latter for the purpose of these experi- 
ments is shown by its melting point, the conductivity of its solution, 
and the blank migration experiment. .'To avoid the magnified influ- 
ence of any uncertainty regarding the standard acid on differences 
of concentration before and after migration, the same standard acid 
solution was used throughout all the analyses in any one experiment, 
and its concentration was checked against that of the original urea 
solution at the beginning and end of the analytical determinations. 

Calibrated weights were used and all weighings were corrected for 
buoyancy of the air. 

Results. 

Blank Experiment.—In a blank experiment to determine the 
migration of urea alone in an electric field the apparatus was provided 
with a silver spiral anode and with a cathode consisting of a silver 
plate thickly coated with silver chloride as described by Washburn 
(loc. cit.). After being filled with approximately 0-1M-urea solution, 
the apparatus was put into the thermostat, the two silver volta- 
meters were placed in the circuit, and a P.D. of 210 volts was applied 
for 21 hours. At the end of this time 

1 g. of anode solution contained 0-0059632 g. of urea, 


lg.ofcathode ,  ,, 00059621 ,, . » 
1 g. of middle 39 ” 0-0059613 ” 2» > 


whereas 1 g. of the original solution had contained 0-0059583 g. of 
urea (as weighed) or 0-0059612 g. (by analysis). Also, 0-0027 g. and 
0-0025 g. of silver had been deposited respectively in the anode and 
the cathode voltameter. 
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These values leave no doubt as to the suitability of urea as a 
non-electrolytic reference substance, and also confirm the absence 
of electrical leak and of electro-osmotic effect. 

Migration Experiments.—In all these experiments, 


E.M.F. applied = 80 volts ; 
average current = 0-08 amp. ; 
duration of run = about 14 hours. 


TABLE I. 


Approximate composition of all solutions: NaCl=05M; 
Urea = 0-1M., 


Accurate weight compositions of solutions before electrolysis : 
100 G. of solution contain : 


Expt. 2. NaCl, g. Urea, g. Expt. 3. NaCl, g. Urea, g. 

As made up 2-9334 0-58656 As made up 2-8859 0-60037 
By analysis (1) 2:9359  0-58595 By analysis (1) 2-8870 0-60048 
(2) 2-9359  0-58603 (2) 2-8872 0-60038 

Analytical mean = 2-9359  0-58599 Analytical mean = 2-8871 0-60043 


TaB_e II. 
Composition and Total Weight of All Portions. 


Weight of NaCl, Urea, Total weight of 
Portion. g./100 g. of solution. solution, g. NaCl, g. Urea, g. 
Experiment 2. 
0-58599 
0-59357 141-984 3-2871 0-84277 
Anode middle ° 0-58649 117-419 34443 0-68865 
Middle ° 0-58534 226-308 6-6351 1-32468 
Cathode middle ... 0-58666 55-329 1-6284 0-32459 
Cathode 0-56959 57-712 2-5775 0-32872 








Total = 598-752 17-572, 35094, 

As calculated from original composition, 

598-752 g. of solution contain 17-579 3-5086 
Experiment 3. 

2-8871  0-60042 
2-1860 0-60907 128-127 2-8008 0-78038 
Anode middle 2-8849  0-60050 127-688 3-6837 0-76676 
Middle 2-8856 0-60045 163-090 4-7061 0-97928 


Cathode middle ... 2-8864  0-59966 122-281 3-5295 0°73327 
Cathode 4-2105 0-58625 68-978 2-9043 0-40438 


Total = 610-164 17-624, 36640, 


As calculated from original composition, 
610-164 g. of solution contain 17-616, 3°6635, 


The values for the cathode middle solution in Expt. 3 indicate 
some slight diffusion between that and the cathode solution; 
therefore, in calculating the transport of water and of salt, both 
solutions are included in the cathode portion. 
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Tables III(a) and III(b) give, for Expts. 2 and 3 respectively, the 
weights of sodium chloride and water associated with a constant 
quantity of urea, and also the weight of sodium chloride associated 
with a constant quantity of water in the two electrode portions 
before and after electrolysis; and the weights of silver deposited 
in the coulomb-meters in each case are given in Table III (c). 


TaBLeE III. 
Anode solution. Cathode solution. 
Initially, Finally, Diff., Initially, Finally, Diff., 
g- &- g- g- g- g- 
(a) Experiment 2. 
Calculated to constant urea. 
Urea 0-84277 0-84277 0-32872 0-32872 
NaCl 4°2224 3-2871 —0-9353 1-6470 2-5775 +0-9305 
H,O 138-755 137-854 —0-901 54-121 54-806 +0-685 
Calculated to constant water. 
H,O 137-854 137-854 54-806 54-806 
NaCl 4-1950 3°2871 —0-9079 1-6678 2-5775 +0-9097 


(6) Experiment 3. 
Calculated to constant urea. 
Urea 0-78038 0-78038 , 1-13766 1-13766 
NaCl 3-7524 2-8008 —0-9516 5-4706 6-4338 +0-9632 
H,O 125-440 124-546 —0-894 182-869 183-688 +0-819 
Calculated to constant water. 


H,O 124-546 124-546 183-688 183-688 
NaCl 3°7257 2-8008 —0-9249 5-4949 6-4338  +0-9389 


(c) Weight of silver deposited in coulomb-meters : 
Expt. 2. Expt. 3. 
Anode 4-5025 g. = 0-041736 equiv. 4-6271 g. = 0-042891 equiv. 
Cathode ... 4-5025 g. = 0-041736__,, 4-6270 g. = 0-042890__—,, 


From the values obtained in Table III, the equivalents of water 
(n,,) and of salt (n,) transported are calculated, also the true transport 
numbers, 7',, and 74, of kation and anion respectively, and by 
calculating the salt transported on the assumption that the weight 
of water in each electrode portion is constant, the ordinary or 
Hittorf transference numbers (T#,, 7%) are obtained. These 
values, together with the number (n¥) of g.-mols. of water trans- 
ported per faraday and the number ,,/n, of g.-mols. of water per 
g.-mol. of salt transported are collected in Table IV. 

The details of Expt. 1 are not included, as the cathode coulomb- 
meter disclosed a loss of 3% of the total current. The number of 
g.-mols. of water transported per faraday calculated from the anode 
portion was —1-95, and from the cathode + 0-93, giving a mean 
value of 1-44, in roughly quantitative agreement with the results of 
Expts. 2 and 3. 
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TABLE IV. 
Temperature = 25° -++ 0-02°, 


Experiment 2. Experiment 3. 
Anode. Cathode. Mean. Anode. Cathode. Mean. 
0-05001  0:03802 0-0440 0-0496 0:04546 0-0476 
0-01600  0-01592 0-0160 0-01628 0-01648 0-0164 
0:3834 03814 0-382, 03795 03842 0-381, 
0-6166 06186 0-618 0-6204 0-6158 0-618 
 0-3721 0-3729 0-372, 0-3689 0-3745 0-371, 
Ti 0-6279 0-6271 0-627, 06309  0-6255 0-628, 
Iy/n, 3°126 2-389 2-76 3-047 2-758 2-90 
nt —1:198 40-9110 1-054 —1-156 +1-060 1-108 


Discussion. 


A consideration of the trustworthy values in the literature leads 
to the conclusion, not only that the direct determinations of water 
transport are limited to the work of Washburn and Biichbock, 
but also that there are very few values for ionic transport which 
have been determined under constant conditions. 

No method involving the use of a membrane (and hence subject 
to a correction of uncertain magnitude for electro-osmosis) can be 
considered sound, except in so far as it affords results which agree 
with those obtained by a method free from this drawback. This is 
the criticism to which the results of Remy (Fortschritte der Chemie, 


1927, 19, II, A and B, 57) and of Baborovsky and his collaborators 
(J. Chim. physique, 1928, 25, 480) are subject, and it applies also to 
the measurement of ionic transport numbers as carried out by the 
last-named. 

Washburn’s values (loc. cit.) fot the transport of water and 
sodium ions at 25° in approximately N-solutions of sodium chloride 
containing about 5 g. of raffinose in 100 g. of solution are as follows : 


Anode (1909). Anode (1915). Cathode (1915). Mean. 
0-383 0-377 0-376 0-379 
0-366 0-365 0-355 0-362 
2-2 1-6 2-7 2-2 
0-84 0-61 1-04 0-83 
Noyes and Falk (J. Amer. Chem. Soc., 1911, 33, 1436), summarising 
all the then-available data, concluded that at 25° the transport 
number of the sodium ion in sodium chloride decreases with increas- 
ing concentration, and that the rate of decrease becomes considerable 
in concentrations higher than 0-5N. The later accurate values of 
McInnes (ibid., 1925, 47, 1922) and of Dewey (tbid., p. 1927), as well 
as the relationship of gur value in 0-5N-solution to that of Washburn 
in N-solution, confirm this conclusion. 
Notwithstanding the fact that sodium has a lower mobility than 
chlorine, the total effect is transport of water to the cathode; 
4B 
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hence it follows that the sodium ion carries more water than thef§ selv 
chlorine ion, and any decrease in sodium-ion transport number with§ chic 
corresponding increase in the chlorine-ion transport would tend tof tior 
decrease the quantity of water transported. Again, since this wit 
decrease in sodium-ion transport is probably in part due to the equ 
increased viscosity of the solutions (McInnes, ibid., 1921, 43, 1217),8 hol 
the mobility of the sodium ion, being more influenced than that of 
the chlorine ion by increased concentration, will probably also be 
more influenced by the presence of a foreign substance such as 
raffinose. 

Hence, apart from any theory regarding the relationship between 
the wat x and the ion, the one factor whose effect on the water 
transport is inevitable and can be clearly foreseen, viz., the relative} anc 
mobilities of anion and kation, will tend in the case of sodium 
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chloride to bring about greater transport of water in the more °° 
dilute solution, and in the solution containing the smaller weight off __ 
reference substance. we 
The mean transport values, viz., 1-08 for water and 0-382 for they “* 
sodium ion in 0-5N-sodium chloride solution containing 6 g. of urea th 
per 1000 g., as compared with Washburn’s mean values of 0-83 and ™ 
0-379 respectively in N-solution containing 50 g. of raffinose, are th 
completely in accordance with the above consideration. Whether ‘* 
this change in water transport with dilution is in part due to other ™ 
factors such as change in the value of ionic hydration with con-§ P° 
centration, cannot be decided on the present data although they be 
throw some light on the question. 
Notwithstanding the extremely divergent estimates of the actualff * 
number of water molecules associated with or influenced by any be 
specific ion, the opinion seems to prevail that this number is only§ ™ 
slightly, if at all, influenced by concentration (Bjerrum, Z. anorg. di 
Chem., 1920, 109, 283; Washburn, J. Amer. Chem. Soc., 1909, 31, 
346; Sugden, J., 1926, 174). The Hittorf transference numbers of th 
the ions in 0-2N-sodium chloride at 25° have lately been the subject 
of a careful investigation by Dewey (loc. cit.), who obtained a mean 
value of 0-377 for the kation, whilst the most generally accepted 
value of Washburn in approximately N-solution at the same tem-§ a 
perature is 0-365. These two values, together with our mean, it 
0-372, in 0-5N-solution, are the only values accurately determined 
in this range of concentration. c 
Some indication of the trustworthiness of these values, and t 





consequently of the allied true transport numbers, is given by the 
fact that they fall on a straight line when plotted against the 
logarithms of the concentrations. It is therefore interesting to us? 
the true transport numbers as determined by Washburn and our 
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selves to calculate the absolute hydration of each ion in sodium 
chloride on the assumption that it is independent of the concentra- 





tion. If m, and m, are the numbers of molecules of water associated 
with the kation and anion respectively, and nf is the number of 
equivalents of water transported per faraday, the following equation 


holds : 
n’ = (1 — n)m — nm, 


where » is the true transport number of the anion. Washburn’s 
mean value for n¥ for N- and our mean value for 0-5N-solutions 
being used, the equations 


1-08 = 0:382m, — 0-618m,, 
and 0-83 = 0:3765m, — 0-6235m, 


give 16 and 29 for m, and m, respectively. 

The sum of these numbers accounts for a large proportion of the 
55°6 mols. of water in a N-solution, and is impossibly large if the 
water of hydration is considered as being chemically attached to 
the ion. Even if Washburn’s value, viz., 0-83, were the mean of 
more closely concordant values, enabling confidence to be placed in 
this numerical result, no conclusion could be drawn from an isolated 
value. It merely serves to demonstrate that several accurate deter- 
minations under varying conditions of concentration and tem- 
perature cannot fail to throw light on the nature of the association 
between ion and solvent. 

The importance of attacking the problem by this direct method 
is emphasised by the widely divergent estimates of hydration num- 
bers obtained by measurements of such phenomena as distribution, 
salting-out, and viscosity (Ingham, J., 1928, 1917), and the admitted 
difficulty in these cases of distinguishing between the effect of 
hydration and of independent influences such as depolymerisation of 
the solvent (Sugden, loc. cit.). 


Summary. 

A prolonged experiment on the migration of urea at 25-0° in 
aqueous solution has established lack of movement of this substance 
in the electric field. 

Urea being used as the non-electrolytic reference substance in two 
complete migration experiments with 0-5N-sodium chloride solution, 
the transport of water to the cathode already detected by Washburn 
in N-solution has been fully confirmed. Transport values for 
sodium and chlorine ions, concordant amongst themselves and 
affording a mean value identical within the limits of experimental 
error with that estimated by interpolation from the most trustworthy 
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values for other concentrations, have been obtained for the 0-5N. 
solution. 

The weight of water transported per faraday of electricity as 
determined by us in 0-5N-solution is greater than Washburn’s value 
in N-solution. This result is in accordance with the observed effect 
of dilution on the transport numbers of the ions in sodium chloride 
solution. 

On the assumption that the number of water molecules attached 
to each ion is independent of the concentration at constant tem- 
perature, the absolute value of this number is calculated. The 
value obtained is larger both for sodium and for chlorine ions than 
any values elsewhere suggested for solutions of finite dilution. 
Further work in this direction is proposed. 


The apparatus used in these experiments is a modified form of that 
used in long-continued migration experiments by Professor J. W. 
McBain, late of Bristol University. We thank him for directing 
our attention to the fact that all the direct experiments hitherto 
carried out on the ionic transport of water are open to objection 
as having been carried out either with an incompletely satisfactory 
reference substance, or in the presence of a membrane. 


THE UNIvERsITy, BRISTOL. [Received, July Ist, 1929.] 





CCLXXITI.—Halogen Substitution Products of 4- 
Aminobenzophenone. 


By WILLIAM ALEXANDER WATERS. 


AccorDING to all accepted theories of substitution, an op-directing 
group controls the type of reaction when in competition with a 
m-directing group, which, however, exerts its general polar influence 
in reducing the reactivity of the whole molecule. This is sub- 
stantiated by the present work. 

Direct chlorination of 4-aminobenzophenone, with chlorine 
generated from chloramine-T, gave 3 : 5-dichloro-4-aminobenzo- 
phenone; the corresponding acetyl derivative, previously made 
indirectly by Chattaway (J., 1904, 85, 340), was obtained in good 
yield by the action of potassium chlorate and hydrochloric acid on 
4-acetamidobenzophenone in glacial acetic acid solution. Its 
structure has now been confirmed by the conversion of its deamin- 
ation product, 3 : 5-dichlorobenzophenone, into the two corresponding 
oximes, which, by the Beckmann reaction, yielded 3 : 5-dichloro- 
benzanilide and benz-3 : 5-dichloroanilide respectively, each of these 
substituted amides being compared directly with synthetic specimens. 
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3 : 5-Dibromo-4-aminobenzophenone, previously prepared by 
Clarke and Esselen (J. Amer. Chem. Soc., 1911, 33, 1135), was readily 
obtained by the action of bromine, in glacial acetic acid solution, 
on either 4-aminobenzophenone or 3-bromo-4-aminobenzophenone. 
It could not be further brominated to yield any definite product. 

At room temperature 4-acetamidobenzophenone was not attacked 
by bromine in glacial acetic acid solution, but at 100° 3-bromo-4- 
acetamidobenzophenone was obtained in quantitative yield. Further 
bromination to 3 : 5-dibromo-4-acetamidobenzophenone (yield, 50°%) 
required the action of free bromine at 100°, in presence of pyridine 
as @ catalyst. 

Direct iodination of 4-aminobenzophenone, in glacial acetic acid 
solution, can be carried out by the use of the potassium iodide— 
dichloramine-tT reagent of Bradfield, Orton, and Roberts (J., 1928, 
782). At room temperature 3-iodo-4-aminobenzophenone was 
obtained quantitatively, and, by warming this with a further pro- 
portion of the iodinating reagent, 3 : 5-di-iodo-4-aminobenzophenone 
was obtained in good yield. Its structure was verified by conversion 
to 3: 5-di-iodobenzophenone, which was synthesised by a direct 
method. 

4-Acetamidobenzophenone, in contrast, could not be iodinated 
even at 100°. 

3-Bromo-4-aminobenzophenone on iodination, and 3-iodo-4- 
aminobenzophenone on bromination, both yielded the same product, 
viz., 3-bromo-5-iodo-4-aminobenzophenone. This has the same melt- 
ing point as its 3 : 5-dibromo-analogue, and, as there is no depression 
of m. p. on mixing these two substances in different proportions, 
they are probably isomorphous. Their diacetyl derivatives, however, 
are distinctly different in physical properties. 

The nitration of 4-acetamidobenzophenone has also been 
attempted under various conditions, but the compound resisted 
substitution except under conditions which also caused some 
decomposition of the benzophenone ring system (compare Elion, 
Rec. trav. chim., 1924, 43, 867; 1925, 44, 99). 


EXPERIMENTAL. 


4-Aminobenzophenone was prepared by condensing together 
p-nitrobenzoyl chloride and thiophen-free benzene with aluminium 
chloride, and reducing the resulting 4-nitrobenzophenone in alcoholic 
solution with stannous chloride and hydrochloric acid. Its acetyl 
derivative (m. p. 153-5°) crystallised most conveniently from dilute 
acetic acid. 

Chlorination of 4-Acetamidobenzophenone.—5 G. of 4-acetamido- 
benzophenone, dissolved in 100 c.c. of glacial acetic acid, were treated 





2108 WATERS : HALOGEN SUBSTITUTION PRODUCTS 


with 5 g. of powdered potassium chlorate and 25 c.c. of concentrated 
hydrochloric acid, and after 24 hours the mixture was poured into 
water. The reaction product on crystallisation from alcohol yielded 
3 : 5-dichloro-4-acetamidobenzophenone (4 g.), m. p. 185° (Found: 
Cl, 23-2. Cale.: Cl, 23-05%), together with a small quantity of 
chloranil. Further substitution could not be effected, even by 
repeating the reaction at 100°. 

3 : 5-Dichloro-4-aminobenzophenone was prepared both by the 
hydrolysis of its acetyl derivative with alcoholic hydrochloric acid 
and by direct chlorination of 4-aminobenzophenone as follows: To 
a solution of 4-aminobenzophenone (5 g.) in glacial acetic acid 
(100 c.c.) were stirred in 2 equivs. (14 g.) of chloramine-t, followed 
shortly by excess (15 c.c.) of concentrated hydrochloric acid. After 
4 hours the mixture was poured into dilute sulphurous acid, the 
precipitate collected, washed with dilute alkali, and recrystallised 
from alcohol. From either method of preparation, the base formed 
matted flocculent needles, m. p. 135° (Chattaway, loc. cit., gives 137°, 
corr.), but could also be obtained in a compact prismatic form by very 
slow crystallisation. k 

3 : 5-Dichlorobenzophenone, obtained from the base by elimination 
of the amino-group in the usual manner, crystallised from methyl 
alcohol in needles, m. p. 65° (Found: Cl, 28-1. C,,;H,OCI, requires 
Cl, 28-3%). By refluxing for 8 hours a solution of the ketone (4 g.) 
in alcohol (100 c.c.) with hydroxylamine hydrochloride (4 g.) and 
excess of potassium hydroxide (10 g.), a mixture of oximes was 
produced, which was isolated by removing the alcohol, pouring the 
residue into water, and neutralising the product. Separation into 
two pure substances was effected by fractional crystallisation from 
solutions in dilute methyl and ethyl alcohols. 

(i) The less soluble «-oxime crystallised in plates or fine needles, 
m. p. 137° (Found: Cl, 26-5. C,,H,ONCI, requires Cl, 26-65%); 
on treatment with phosphorus pentachloride in dry ethereal solution, 
it was converted quantitatively into 3 : 5-dichlorobenzanilide, which 
was also synthesised from aniline and 3 : 5-dichlorobenzoic acid, and 
crystallised from dilute alcohol in needles, m. p. 148° either alone or 
in admixture with that prepared from the oxime (Found: (Cl, 
26-55. C,,H,ONCI, requires Cl, 26-65%). 

(ii) The 8-oxime of 3 : 5-dichlorobenzophenone formed over 70% 
of the mixed oximes; it crystallised in prisms, m. p. 118° (Found: 
Cl, 26-7%), and on treatment with phosphorus pentachloride as 
above, it yielded a gummy product which, by fractional crystallis- 
ation from dilute methyl alcohol, was separated into some 3 :5- 
dichlorobenzanilide, together with benz-3 : 5-dichloroanilide. This 
substance was also prepared by the benzoylation (Schotten- 
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Baumann) of 3 : 5-dichloroaniline, and crystallised in plates or, by 
slow cooling, in needles of m. p. 148-5° (Found: Cl, 26:6%). The 
product obtained from the oxime melted at 146—148° as did also a 
mixture of this with the pure synthetic material. 
3-Bromo-4-acetamidobenzophenone.—5 G. of 4-acetamidobenzo- 
phenone and 10 g. of powdered anhydrous sodium acetate were 
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. heated for 6 hours at 100° with 50 c.c. of a 10% solution of bromine 
the § in glacial acetic acid, and the mixture was then poured into water. 
acid § The bromination product (yield, theoretical) crystallised from slightly 
To § diluted methyl alcohol in fine matted needles, m. p. 106° (corr.) 
acid | (Found: Br, 25-4. C,;H,,O,NBr requires Br, 25-5%). The corre- 
wed § sponding base, obtained by hydrolysis of the acetyl derivative with 
fter | alcoholic hydrochloric acid, crystallised from alcohol in plates, m. p. 
the § 158°, and from dilute alcohol in needles (Found: Br, 28-95. 
sed § C13HypONBr requires Br, 29-0%); its benzoyl derivative crystallised 
ned § from alcohol in elongated plates, m. p. 124° (Found: Br, 21-2. 

37°, Bf Coo H,,0,NBr requires Br, 21-05%). 
ery 3-Bromo-4-aminobenzophenone, on treatment with bromine in 
glacial acetic acid solution, yielded 3 : 5-dibromo-4-aminobenzo- 
ion | Phenone of m. p. 148° alone or mixed with a specimen prepared 
hy| § directly by the action of bromine on 4-aminobenzophenone in glacial 
res fg acetic acid solution. The latter substance is identical with the 
g.) bromination product of Clarke and Esselen (loc. cit.), who gave m. p. 
nd § 146°; its diacetyl derivative, prepared by boiling it for 6 hours with 





an excess of equal volumes of acetic acid and acetic anhydride, 
crystallised from alcohol in plates, m. p. 137° (Found: Br, 36-6. 
C;,H,,0,NBr, requires Br, 36-45%). 

3 : 5-Dibromo-4-acetamidobenzophenone—5 G. of 3-bromo-4- 
acetamidobenzophenone, 10 g. of anhydrous sodium acetate, and 
1 c.c. of pyridine were intimately mixed together, 3 c.c. of bromine 
were added slowly, and the mixture was heated at 100° for 3 hours, 
more bromine being added from time to time in small portions till 
there was no further reaction. The dibromo-compound was separated 
from the reaction mixture in 50% yield by repeated crystallisation 
from both methyl and ethyl alcohol, and formed colourless needles, 
m. p. 214° (Found: Br, 40-4. C,,H,,O,NBr, requires Br, 40-3%). 
On prolonged hydrolysis with alcoholic hydrobromic acid it yielded 
3 : 5-dibromo-4-aminobenzophenone, m. p. 148°, its structure thus 
being established. 

3 : 5-Dibromobenzophenone, obtained by the elimination of the 
amino-group from 3 : 5-dibromo-4-aminobenzophenone in the usual 
manner, crystallised from methyl alcohol in colourless plates, m. p. 
75° (Found : Br, 47:2. C,,H,OBr, requires Br, 47-05%). 
3-lodo-4-aminobenzophenone.—To a solution of 10 g. of 4-amino- 
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benzophenone in 100 c.c. of glacial acetic acid, were added 1} equivs. 
of iodinating reagent, previously prepared by adding 10 g. of finely 
powdered potassium iodide, with stirring, to a solution of 8 g. of 
dichloramine-T in 100 c.c. of glacial acetic acid; after 5 hours the 
solution was poured into dilute sodium sulphite solution. The 
product (yield, theoretical) crystallised from methyl alcohol in 
plates, m. p. 177° (Found : I, 39-2. C,,;H,)ONI requires I, 39:3%): 
its benzoyl derivative crystallised from acetone in clusters of prisms, 
m. p. 162° (Found: I, 29-9. C,)9H,,0,NI requires I, 29:7%). 

3 : 5-Di-iodo-4-aminobenzophenone, obtained by warming together 
on the water-bath for } hour a solution of 3-iodo-4-aminobenzo. 
phenone in glacial acetic acid and slightly more than an equivalent 
quantity of the iodine monochloride reagent, crystallised from 
acetone in prismatic needles, m. p. 153° (Found : I, 56-3. C,,H,ONI, 
requires I, 56-5%); its diacetyl derivative, obtained by boiling the 
base for 6 hours with acetic anhydride, crystallised from alcohol in 
plates, m. p. 187° (Found: I, 47-6. C,,H,,0,NI, requires I, 
47-:7%). 

4-Acetamidobenzophenone was not attacked by the iodine mono. 
chloride reagent after 6 hours’ treatment at 100°. 

3 : 5-Di-iodobenzophenone was obtained from the corresponding 
base by elimination of the amino-group in the usual manner, and its 
structure was established by the following synthesis. 

3 : 5-Dinitrobenzophenone, prepared by condensation of 3: 5- 
dinitrobenzoyl chloride with benzene in the presence of aluminium 
chloride, crystallised from alcohol in pale yellow prisms, m. p. 131° 
(Found: N, 10-4. C,,H,O;N, requires N, 10-39%). On reduction 
with hydrogen sulphide in alcoholic ammonia solution it yielded 
3-nitro-5-aminobenzophenone, which crystallised from dilute alcohol 
in orange needles, m. p. 130° (Found: N, 11-5. C,,3H,,0,N, 
requires N, 11-6%); this base also crystallised from benzene in plates, 
and could occasionally be isolated in a form of m. p. 146°. Its 
diacetyl derivative, obtained by refluxing it with acetic anhydride, 
crystallised from dilute alcohol in long, pale yellow needles, which 
melted sharply at 191° after sintering at 115—125° (Found: N, 
8-6. C,,H,,0;N, requires N, 8-6%). The powdered base, suspended 
in concentrated hydrochloric acid, was diazotised at 0° by the addi- 
tion of powdered sodium nitrite, and after } hour the mixture was 
poured into a concentrated potassium iodide solution and warmed 
on the water-bath till all reaction had ceased. The solid product, 
after repeated crystallisation from acetone and from alcohol, formed 
orange-yellow prisms, m. p. 118° of 5-iodo-3-nijrobenzophenone 
(Found: I, 35-6. C,,H,O,NI requires I, 35-9°%), and when this 
was reduced in alcoholic solution with stannous chloride and 
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hydrochloric acid, 3-amino-5-iodobenzophenone was obtained. The 
latter, without isolation in the pure state, was converted by the 
normal method into 3: 5-di-iodobenzophenone (Found: I, 58-6. 
(,3H,O1, requires I, 58-5%), which crystallised from methyl alcohol 
in prisms, m. p. 91° alone or mixed with the deamination product 
of di-iodo-4-aminobenzophenone; on being boiled with hydroxyl- 
amine hydrochloride in excess of alcoholic potash solution it yielded 
benzophenone oxime (m. p. 140°), the iodine having been eliminated 
from the aromatic nucleus. The di-iodobenzophenone, however, did 
not react with piperidine at 100°. 
3-Bromo-5-iodo-4-aminobenzophenone, which crystallised from 
acetone in needles, was obtained (a) by warming on the water-bath 
for $ hour a solution of 3-bromo-4-aminobenzophenone in glacial 
acetic acid with 14 equivs. of iodine monochloride reagent, prepared 
as previously described, and pouring the product into water, or (6) 
by warming 3-iodo-4-aminobenzophenone, dissolved in glacial acetic 
acid, with a slight excess of bromine. The product from either 
method of preparation, as also their mixture, melted at 148° [Found, 
for ratio of mixed silver halides to substance taken, by Carius’s 
method : (a), 1-056, (b), 1-052; by Stepanow’s method : (6), 1-047. 
C;s3H,ONBrI requires ratio, 1-052]. The m. p. of this substance, 
however, was not depressed after its admixture, in various propor- 
tions, with 3 : 5-dibromo-4-aminobenzophenone (m. p. 148°, also). 
3-Bromo-5-iodo-4-diacetamidobenzophenone, prepared by refluxing 
the base for 6 hours with acetic anhydride, crystallised from alcohol 
in plates, m. p. 161°, not isomorphous with the corresponding 
dibromo-derivative (Found, for ratio of mixed silver halides to sub- 
stance taken: 0-865. C,,H,,;0;NBrI requires ratio, 0-869). 
Nitration of 4-acetamidobenzophenone with fuming nitric acid in 
cold glacial acetic acid solution did not occur, even if acetic 
anhydride or concentrated sulphuric acid were added to the reaction 
mixture. At higher temperatures, or in the absence of a solvent, 
some decomposition set in and no pure product could be isolated. 


In conclusion, the author wishes to thank the Chemical Society 
for a grant from the Research Fund. 
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MUMFORD AND PHILLIPS : 


CCLXXIV.—The Evaluation and Interpretation of 
Parachors. 


By Stantzy Avaustus Mumrorp and Jonn WILLIAM CoLE 
PHILLIPS. 


In a recent paper dealing with surface-tension relations in the fatty 
acid series (Hunten and Maass, J. Amer. Chem. Soc., 1929, 51, 153), 
the observed parachors of the lower members of the series were 
found to be consistently greater than those calculated. with the aid 
of Sugden’s atomic and structural constants (J., 1924, 125, 1177), 
whilst the reverse held with the higher members, and it was suggested 
that such deviations from the normal were to be attributed to the 
same obscure cause giving rise to a parallel variation in the value 
of the Ramsay-Shields—Eétvés coefficient. As, however, the 
observed parachors in the series in question increase by more or 
less regular increments of about 40 units per CH, group from 93:3 
for formic acid to 778-0 for stearic acid, it seemed to the present 
authors that the anomaly, so far as concerns parachors, might be 
due, at least in part, to the use of too small a difference for CH,, 
viz., 39 units. The further fact that the observed parachors of 
n-hexacosane and n-hexacontane (Schenck and Kintzinger, Rec. 
trav. chim., 1923, 42, 759), n-dotriacontane (Hunten and Maass, 
loc. cit.), tripalmitin, and tristearin (Walden and Swinne, Z. physikal. 
Chem., 1912, 79, 700), and, in general, of all compounds of high 
molecular weight, are some 2% or more greater than the calculated 
values (see Table II), appeared to substantiate this conclusion, 
and the existing surface tension data were, therefore, systematically 
re-examined. 

Now Sugden’s constants were mainly evaluated from the earlier 
members of the various series of organic compounds irrespective 
of whether they had straight or branched chains, and his neglect of 
the influence of chain branching, which appears invariably to cause 
a slight, but definite, decrease in parachor, led to the adoption of 
39 units as the value of a CH,-increment. Of the isomeric heptanes 
(Edgar and Calingaert, J. Amer. Chem. Soc., 1929, 51, 1540) and 
octanes (Richards, Speyers, and Carver, ibid., 1924, 46, 1196), for 
example, the normal compounds have the highest parachors, whilst 
those of the branched isomerides decrease in proportion to the number 
of side chains present (compare Tables II and IV). Again, amongst 
the various isomeric aliphatic esters (Schiff, Annalen, 1884, 223, 47; 
Gazzetta, 1884, 14, 368), the parachors of the iso-compounds are 
lower than those of the normal esters (compare the table given by 
Sugden, loc. cit.); and in the same way, the parachor of pinacolil 
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is smaller than that of methyl n-butyl ketone (Harkins, Clark, and 
Roberts, J. Amer. Chem. Soc., 1920, 42, 700), that of methylhexyl- 
carbinol smaller than that of n-octyl alcohol (Harkins and Cheng, 
ibid., 1921, 43, 35), and soon. It is evident, therefore, that a more 
accurate estimate of the true value of a CH,-increment would be 
obtained by taking into consideration series consisting of compounds 
of one type only, e.g., all iso- or all normal. When this is done for a 
number of different series the mean difference for CH, is found 
to be 40 units, as indicated by the data for the fatty acid series, 
and thence, by estimating the other atomic and structural constants 
in the usual way, the values given in Table I are obtained. 


TABLE I, 
Recalculated Atomic and Structural Constants. 


CH, 40 O 20 Triple bond 
C 9-2 Ss 50 Double bond 
15-4 : Single bond (duplet) ) 
— Semipolar double 
25-5 . bond 
55 i Singlet linkage 
69 _ 
90 —_ 
—— 3-Membered ring 
17-5 4-Membered ring 
40-5 ° 5-Membered ring 
54 6-Membered ring 
68 i 7-Membered ring 


The atomic constants are, for the most part, only slightly different 
from those deduced by Sugden, but the use of the larger CH,-incre- 
ment, and hence of modified carbon and hydrogen values, leads, in 
general, to greater accuracy of calculated parachors, especially in 
the case of compounds of high molecular weight (see Table II). 
By the use of these constants, moreover, the parachor loses its 
strictly additive character and becomes definitely constitutive, 
stresses due to spatial arrangement of, and electrostatic influences 
between, atoms and groups in a molecule being accompanied by 
well-defined parachor variations. In view of the comparative 
scantiness of the available data, and the consequent possibility that 
some of the values given in Table I may require further modification, 
it would be premature to attempt a strictly quantitative treatment 
of the subject, but some of its more important aspects are indicated 
below. 

In particular, the interatomic stresses in substituted ring systems, 
in branched-chain derivatives, and in compounds containing 
accumulated negative groups are shown to have an effect on the 
parachor which can be accounted for by the systematic introduc- 
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tion of numerical positive or negative “strain constants,” the Tab 
physical significance of which is discussed. = 
Further, it is shown that, by using the recalculated values, the si 
intr 


parachors of hydroxy-compounds and amines may be brought into} *. . 
line with those of non-associated substances on the assumption that ee 


the effective volume of the hydrogen atom decreases with increasing - 
electron-affinity of the atom to which it is attached; and finally, 5 
that the apparent parachor anomaly of fused salts (Sugden and 
Wilkins, this vol., p. 1291) may be accounted for by assigning a 
higher parachor value to the ions than to the bound atoms of the 
halogens, a method of estimating such ionic parachors being 
indicated. cyclo] 
Tase II. — 
10} 
Parachors of the n-Paraffins. Pi. 
[P] cale. P bay 
——— 7 etn 
Compound. Formula. Observers. [P]obs. M.&P. 8. = : 
Ethane C,H, M. & W. 110-5 110-8 112-2 Ethy 
Propane C3H, M.&W. = 150-8 150-8 151-2 pe 
n-Butane C,Hio C. & M. 190-3 190-8 190-2 Ethy 
n-Hexane C,Hy, RO. T. « 270-4 270-8 268-2 i; 
n-Heptane ~ E. & C. 310-8 310-8 307-2 -_ 
n-Octane C.His 1.C.T. 350-3 350-8 346-2 -- 
n-Hexacosane CygH 54 8S. & K. 1082 1070-8 1048-2 Benz 
n-Dotriacontane Cy2Hy, H. & M. 1322 1310-8 1282-2 = 
n-Hexacontane CooHiee %S.&K. 2480 24308 2374-2 Pe 
M. & P. = Present authors. S. = Sugden. Tho 
M. & W. = Maass and Wright, J. Amer. Chem. Soc., 1921, 48, 1098. 
C.&M. = Coffin and Maass, *bid., 1928, 50, 1427. Phen 
I.C.T. = International Critical Tables, Vol. 4, pp. 433 et seq. (Mean cor- oa 
rected surface tensions there given are used in conjunction with § © - ; 
densities based, where possible, on concordant determinations any), 
of two independent workers.) 
E.&C. = Edgar and Calingaert, loc. cit. 
8.&K. = Schenck and Kintzinger, loc. cit. * 
H. & M. = Hunten and Maass, loc. cit. 


Effect of Ring Formation.—Justification for the interpretation of 
parachor variations on the basis of intramolecular strain is afforded 
by the parallelism between the constants for the various cyclic 
structures and the valency deflexion suffered by the atoms in the 









latter (compare Baeyer, Ber., 1885, 18, 2277; Ingold, J., 1921, 119 Miu 
305), and further, by the variation of such constants in certai apt 
substituted rings. a 

The presence of a carbonyl group in a ring, for example, shifts § 
the position of zero ring-constant from the six- to the seven- Vo; 
membered ring—an effect which would appear to be connected with § 
the influence of potential semicyclic double bonds in hindering the ot: 
formation of the smaller rings (compare Ingold, loc. cit.; Vogel, ati 
this vol.,p.721). Thus, the apparent ring constant in cyclopentanone & 






is + 6-0, in cyclohexanone + 4-0, and in cycloheptanone — 0-2 (see 
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Table III), whereas the mean values for the ring constants in the 








5) 
the 4 , 
corresponding non-ketonic structures are + 3-0, + 0-8, and — 4-0 

: ie units respectively. For purposes of calculation, therefore, the 

into introduction of a carbonyl group into a ring must be regarded as 
giving rise to a “ positive’ strain equivalent to about 3-0 units, 

. that : ; 

we the parachor of such a group being thus 48-2 (i.e., C + O + double 

lp, bond) plus this ‘‘ strain constant ”’ (c in the tables), 7.e., 51-2 units. 

5] 

and 

: TABLE III. 

ing a ‘ 

f the Ring Formation. 

: = At. [P] [P] 

beang Compound. Formula. P.* c. cale. obs. Observers. 
cycloPentanone (CH,),>CO 2112 +3 2142 2142 Vz 
cycloHexdnone (CH,);>CO 249-0 +3 2520 262-2 v5 ba 
cyeloHeptanone (CH,),.>CO 2842 +3 2872 2880 V. { 

: 1-Dimethyl- (CH,;),>CMe, 3208 —3 3178 3161 K. 
BPE ns 
£-isoAmylene CHMe:CMe, 219-0 -— 8 216-0 2169 I.C.T 

. Bthy! eyclopropane- (CH,),>C(CO,Et), 4229 -—-6 4169 4171 S. © Wi. 

; : 1-dicarboxylate 

2 Bihyl cyclopropane- /COEt)s 7133  -12 7013 7011 8. & Wi. 

9 : 1:2: 2-tetra- CHA 

* a bacglake (CO,Et), 

“2 Ethyl cyclobutane- (CH,),>C(CO,Et), 4564 —6 4504 4541 S.& Wi. 

“2 1: 1-dicarboxylate 

3 Ethyl! chloromaieate C,HCKCO,Et), 4290 —6 4230 4233 LC.T. 

9 Methyl a-bromo- CHPh:CBr-CO,Me 432-4 — 6 4264 4266 §8.& Wh. 

« cinnamate 

2 Benzene C,H, 205-4 0 2054 2060 L0¢.7. 

2 cycloHexane C,His 240-8 0 2408 2393 I.C.T. 

Pyridine C;H,N 198-3 0 1983 1997 LOC.T. 

“ Piperidine CHiN 230-8 0 2308 2325 I.6.T. 
Methyleyclopentane C,H,Me 243-0 0 243-0 2428 K. 
Thiophen 0,88 189-4 0 1894 1893 LC. 1; 
Phenyl azide C.H.N, 2740 — 65 2675 2673 L&T. 

cor.  p-Tolyl azide C,H,Me-N; 3140 — 65 3075 3070 L.&T. 

with Nitrous oxide N,O 86-5 — 65 80-0 80-5 G.; Ve. 

ions * 3 At. P = sum of the atomic and structural constants, including “ strain constants ”’ (if 


any), other than that under consideration. 
= Vogel, J., 1928, 2010. 






H&B. = Herz and d Bloch, Z. physikal. Chem., 1924, 110, 23. 

K. = Kistiakowski, Ann. Inst. Pol yt. Petrograd, 1904, 1, 450. 

$8. & Wi. = Sugden and Wilkins, J., "1927, 139. 

S. & Wh. = Sugden and Whittaker, J., 1925, 127, 1868. 

P.&R. = Peel and Robinson, J., 1928, 2068. 

L.&T. = Lindemann and Thiele, Ber., 1928, 61, B, 1529. 

G. = Grunmach, Ann. My 1901, 6 6, 559; 1908, 15, 401; ie 22, 107. 
Ve. = Verschaffelt, Comm. Phys. Lab. Univ. Leiden , Nos. 18, 28 

1L.C.T. = International Critical Tables (see p. sin” 






gem-Dialkyl and -dicarbethoxyl groups, on the other hand, in 
harmony with their known influence in stabilising strained rings, 
appear to introduce a “ negative ” strain, the parachors of cyclic 
compounds containing such groupings being lower than those 
calculated additively (compare Sugden, J., 1927, 139; 1928, 410; 
Vogel, J., 1928, 2010). The diminution depends, to some extent, 
on the nature of the groups concerned, and the size of the ring, but 
as a first approximation, — 3-0 units may be taken as a represent- 
ative mean value of the strain constant for gem-dialkyl groups, 
and — 6-0 units as that for gem-dicarbethoxyl and other similar 
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negative groups. Ethylenic compounds, in this connexion, may be 
regarded as two-membered ring systems (see Table ITI). 

By analogy, the differing strain in heterocyclic compounds might 
be expected to show in the deviation of their parachors from the 
normal, but lack of data precludes confirmation of this corollary, 
In harmony with their similar stability, the ring constants of 
benzene, cyclohexane, pyridine, and piperidine, and, amongst five. 
membered rings, of methylcyclopentane and thiophen, are the same 
within the limits of experimental error. 

An interesting point arises in connexion with the -N°N- grouping, 
the presence of which in a cyclic structure is known to exert a 
stabilising influence (witness the remarkable stability of the triazoles 
and tetrazoles). Few such compounds have been examinéd, but 
from the available data for azides and for nitrous oxide (Table III), 
on the assumption of a ring structure in both cases (compare Sidg. 
wick, this vol., p. 1108), the strain constant associated with the 
presence of the group in question may be tentatively assessed at 
— 6-5 units. If, however, this contraction is taken as an indication 
that the double bond between the two nitrogen atoms has a lower 
parachor value (viz., 19 — 6-5 = 12-5) than the corresponding 
carbon-carbon linkage, then the alternative linear constitution for 
azides is also possible, for on such a basis the calculated parachors 


of the —N—N=N and —x<fl groups would be identical, the 


structural constant for a three-membered ring being also 125 
units. 

Effect of Chain Branching.—Comparable with the effect produced 
by gem-dialkyl groups in cyclic structures, chain branching in 
aliphatic hydrocarbons and their derivatives is accompanied by a 
slight, but definite, diminution of parachor (see p. 2112). The 
decrement varies somewhat according to the position and length of 
the side chain, but within the limits of experimental error a meanfj 
value of — 3-0 would appear to be applicable to all branched groups 
of the type CHR,:, and double this value to CR,: radicals and doubly- 
branched compounds CHR, . . . -CHR,. For CHMe, the decre- 
ment is slightly less, and for CHEt, slightly greater, than this mean 
value, but the available data are not such as to justify differentiation 
between the two. The contraction also appears to be of the same 
order with CHPh,: groups. 

The effect of accumulation of alkyl substituents round a benzene 
nucleus—a special case of chain branching—is more difficult to 
assess, but, by assuming that the resulting contraction is brought 
about by a stress transmitted from atom to atom via the orbits 
of the binding electrons, it may be approximately estimated in 4 
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TaBLe IV. 


Chain Branching. 
3 At. 


© 
s 
8 
q 
a 


Formula. 
y-Methylhexane 
p3-Dimethylpentane 
6y-Trimethylbutane 
Bb- Aarne nog 
pe ene 
Je-Dimethylhexane 
Mestylene 


9 


- . 
AARWDWAWASAW 


4 : 5) 
Pesaineiiepibennene 
Diisoamyl ether (CHMe. CH,°CH,),0 
i CMe, e . 
(CMe,:CH),CO 375-4 
= Edgar and Koy ae gp loc. cit. 
B.S. & CO. = Richards Spersse and Carver, loc. cit. 
.& Fr. = Dutoit and Friderich, Arch. Sci. phys. nat., 1900, 9, 105. 
M. = Kremann and Meingast, Monatsh., 1914, 35, 1323. 
= Sugden, J., 1928, 410. 


& 
.&M. = Dutoit and Mojoiu, J. Chim. physique, 1909, 7, 169. 
0.7. = International Critical Tables (see p. 2114). 


manner similar to that outlined by Hojendahl (J., 1924, 125, 1381). 
On this basis the stress between two substituents in the 1 : 2-, 1 : 3-, 
and 1: 4-positions would be, respectively, 0-565, 0-408, and 0-36 
times that of a corresponding gem-dialkyl group, and the parachors 
of the o-, m-, and p-disubstituted compounds would therefore be 
lower than those calculated additively by 0-565 x 3 = 1-7, 0-408 x 
3 = 1-2, and 0-36 x 3 = 1-1 units, respectively. Individually, by 
reason of the comparatively large molecules involved, these con- 
tractions are experimentally imperceptible, though it is, perhaps, 
significant that three independent observers (Schiff, loc. cit.; 
Richards, Speyers, and Carver, loc. cit.; Morgan and Daghlien, 
J. Amer. Chem. Soc., 1911, 33, 672) agree in finding the parachor of 
o-xylene to be about a unit lower than those of the corresponding 
m- and p-isomerides. Their cumulative effect, however, makes them 
of considerable importance in the case of the polymethyl-benzenes. 
In 1:2:4:5-tetramethylbenzene, for instance, the parachor will 
| be diminished owing to various stresses as follows: between the 
l-methyl group and those in the 2-, 4-, and 5-positions, by 1-7 +- 
11+ 1-2—4-0 units; between the}2-methyl group and those 
in the 4- and 5-positions, by 1-2 + 1-1 = 2-3 units; between the 4- 
and 5-methyl groups, by 1-7 units; total = 8-0 units. The calcul- 
ated parachor will, therefore, be 365-4 — 8-0 = 357-4, in good 
agreement with the experimental value, 355-6. 

Some further comparisons of calculated and observed parachors 
in the case of branched-chain compounds are given in Table IV. 

Effect of Accumulation of Negative Growps.—Corresponding with 
the depressant effect of halogen accumulation on other physical 
properties (molecular refraction, magnetic rotation, molecular 
viscosity, heat of formation, etc.), the attachment of two or more 
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halogen atoms or other negative groups to the same carbon atom 
is also attended by a well-defined decrease in parachor (compar 
Sugden, loc. cit.). The contraction is again rather variable, depend 
ing on the size and polarity of the atoms and groups concerned 
but on an average, -CHX, groups (X = Cl, CN, CO,R, OR, ete. 
have a parachor 3 units less, -CX, groups 6 units less, and com 
pounds of the type CX, 9 units less than those calculated additively 
With bromine, the contractive effect is apparently more marked, the 
strain constants being about 1-5 times these values (see Table V). 


TABLE V. 


Accumulation of Negative Atoms and Groups. 


= At. {P] [P] 
Fe obs. Observers, 


] 


11 
cococe ° 


Compound. Formula. 
Ethylidene chloride CHMeCl, 190-0 
Benzal chloride CHPh-Cl, , 
Ethyl chioroacetate CH,Cl-CO,Et 
Ethyl cyanoacetate CH,(CN)-CO,Et 
Diethylacetal CHMe(OEt), 

Chloroform CHCl, 
Dichlorobromomethane CHC1,Br 
Ethyl dichloroacetate CHCl,°CO,Et 
Carbon tetrachloride cc 
Chloropicrin CCl,-NO, 
Ethy] trichloroacetate CCl, -CO, Et 
s-Tetrachloroethane CHCIl,-CHCl, 
Perchloroethylene CCl,:CCl, 
Ethylene dibromide pe Br-CH,Br 
s-Tetrabromoethane Hbry-CHBr, 
Bromoform 

o-Chloronitrobenzene CLG, Pit NO, 
o-Bromonitrobenzene 

m-Dichlorobenzene 

p-Chloroiodobenzene 

o-Bromotoluene 

o-Toluonitrile 

m-Nitrotoluene 

p-Chlorotoluene 

1-Chloro-2 : 4-dinitro- C, H,CKNO,), 361-2 


benzene 
1 : 4-Dichloro-2-nitro- C,H,Cl,-NO, 342-7 
benzene 
I.C.T. = International Critical Tables (see p. 2114). Sch. = Schiff, loc. cit. 
W.&S8S. = Walden and Swinne, loc. 


eit. 
S. & Wi. = Sugden and Wilkins, J., 1925, 127, 2517 
8. = Sugden, J., 1924, 125, 1167. I.= Jaeger, Z. anorg. Chem., 1917, 101, 1. 
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In the case of benzene derivatives the net effect of accumulation 
of negative groups may be estimated as in the preceding section, 
the diminution of parachor brought about by two negative sub- 
stituents in the 1 : 2-, 1 : 3-, and 1 : 4-positions being 3-4, 2-4, and 
2-2 units respectively, since the strain constant for gem-dicarbethoxyl 
and similar negative groups is double that for gem-dialkyl groups. 
(The accumulation of both alkyl and negative groups may be 
provisionally regarded as having an intermediate contractive effect.) 
The same method may also be used for the estimation of the con- 
traction due to accumulated halogen atoms on adjacent carbon 
atoms, this case being of particular interest, for the juxtaposition 
of, say, two CHCl,- groups produces a parachor diminution over 
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and above that due to each individually. With s-tetrachloroethane, 
for instance, in addition to the decrease of 6 units due to the presence 
of the two dichloro-groups, the stress between the latter, which, 
on the basis of Hojendahl’s thesis is equivalent to half that existing 
between four chlorine atoms on the same carbon atom (the other half 
being transmitted to the hydrogen atoms), will give rise to a further 
contraction of } x 9 = 4-5 units, making a total diminution of 10-5 
units. In perchloroethylene, on the other hand, where the whole 
of the stress is transmitted between the contiguous carbon atoms, 
the contraction will be 6 + 9 = 15 units, both these values being 
in agreement with experiment (see Table V). 

Carbonyl Compounds, etc.—As might be expected from the “ posi- 
tive ’’ strain associated with cyclic carbonyl groups, the ‘‘ negative ’ 
strain in tetra-substituted methanes, CX,, is eased when doubly- 
bound oxygen replaces two of the negative groups (X), the strain 
constants for derivatives of the type COX, being smaller than those 
for the parent CX, compounds. Their actual values vary consider- 
ably and appear to depend on the electron-affinities of the X-groups 
present (as estimated, e.g., from the ionisation constants of the 
p-substituted benzoic acids, C,H,X-CO,H ; compare Lucas, J. Amer. 
Chem. Soc., 1926, 48, 1827), much in the same way as do the optical 
exaltation (Eisenlohr, Ber., 1911, 44, 3188; Karvonen, Ann. Acad. 


Sci. Fennice, 1916, A, 10, No. 4, 1) and the additive power (Stewart, 
J., 1905, 87, 186; Vorlander, Annalen, 1905, 341, 9) of the carbonyl 
group in different environment. For purposes of calculation, how- 


TABLE VI. 


Carbonyl Compounds. 


= At. ([P] [P] 
Compound. Formula. P. " i obs. 


Acetone COMe, 

Methyl ethyi ketone COMe-Et 
Acetophenone COPh-Me 
Distyryl ketone (CHPh:CH),CO 
isoValeraldehyde CHMe,°CH,°CHO 
Benzaldehyde Ph-CHO 

Ethyl carbonate CO(OEt); 

Phenyl carbonate CO(OPh), 

Ethyl chlorocarbonate 

Benzoyl chloride 

Succinyl chloride 

Carbonyl chloride 

Ethyl acetate 

Propyl propionate 

isoButy] isobutyrate 

Methyl] benzoate Ph-CO,Me 
isoPropyl B-phenyl- CH,Ph-CH,°CO,Pr* 
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propionate 
Diisoamyl sebacate On tee sH11)s 1- "2 
Tristearin HC, sH5502)s 2395-4 2386-4 


I.¢.T. = International pei Tables (see p. 2114). = Sugden, J., 1928, 410. 
= Schiff, loc. cit. 8. R. W. = Sugden, Reed, and Wilkins J., 1935. 127, 1525. 
= Ramsay and Shields, J., 1893, 63, 1089. 
. = Garner and Sugden, I., 1927, 2877. 
= Paterno and Mazzucchelli, Gazzetta, 1920, 50, i, 30. 
= Walden and Swinne, Joc . Cit. 
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ever, the COX, derivatives may conveniently be divided into three 
groups according as the strain constant is (i) zero (e.g., in ketones, 
aldehydes) ; (ii) about 3-0 units (e.g., in carbonates, chlorocarbonates, 
esters, acid chlorides), or (iii) about 6 units (e.g., in carbonyl chloride), 
The contraction of 3-2 units which Sugden (loc. cit.) found it neces- 
sary to introduce in the case of esters would thus appear to be a 
special case of a more general principle. 

The use of such strain constants is illustrated by the examples 
given in Table VI. 

Oxygen Compounds of Other Elements—From the general resem- 
blance between sulphur and carbon dioxides, thionyl and carbony] 
chlorides, sulphites and carbonates, etc., the strain constants for the 
oxy-compounds of carbon might reasonably be expected to apply to 
the analogous compounds of sulphur, notwithstanding the presence 
of a semipolar double bond in the latter in place of the non-polar 
double bond in the former. The parachor of thionyl chloride, there- 
fore, should be 6 units less, and those of sulphinates and sulphites 
3 units less, than those calculated additively. If the atomic 
parachor of sulphur be taken as 50 (its value in sulphides, mercaptans, 
thiocyanates, etc.), and if a semipolar double bond be regarded as 
equivalent to an ordinary single bond, these inferences are in com- 
plete accord with experiment (see Table VII). 

Similar ideas being extended to the derivatives of sexavalent 
sulphur, since the accumulation of » chlorine atoms round a central 
carbon atom depresses the parachor by 3(n — 1) units, the strain 
constant for sulphur hexachloride, the parent of such compounds, 
should by analogy be 5 x (— 3) = — 15 units. In sulphuryl 
chloride, therefore, in which two pairs of chlorine atoms are replaced 
by oxygen atoms, the strain constant would be 3 x (— 3) = —9 
units, and in sulphates, sulphonates, and sulphonyl chlorides, 
2 x (— 3) = — 6 units. 

In the same way, the five chlorine atoms in phosphorus penta- 
chloride might be expected to produce-a contraction of 4 x 3 = 12 
units, which would be reduced to 3 x 3 = 9 units in phosphorus 
oxychloride, and to 2 x 3 = 6 units in phosphates; and, similarly, 
in nitro-compounds and nitrates, both of which are derived in three 
stages from a hypothetical nitrogen pentachloride, the strain con- 
stant should be — 3 units, whilst nitrites, derived from nitrogen 
trichloride in two stages, should be normal. As will be seen from 
Table VII, parachors calculated in accordance with these principles 
are in all cases in good agreement with those obtained experimentally. 

The strain constants, it must be emphasised, are additional to, 
and independent of, any structural features (rings, double bonds, etc.) 
which may be present in the molecules concerned, the calculated 
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TaBLE VII. 
Chloro- and Oxy-compounds of Elements other than Carbon. 


> At. [P] [P] 
Compound. Formula. P. 5 cale. obs. 


Thiony] chloride Cl,S—>0 180-0 1740 = 173-5 
Ethyl p-toluene- C,H,S—O(OEt) 415-4 412-4 4103 
sulphinate 
s-Ethyl sulphite (EtO),S—0 300°8 297-8 299-7 
Sulphur monochloride Cl,S—s 210-0 204-0 204°3 
jo 200-0 191-0 190-1 
Sulphuryl chloride C1,8 4 
No 
W 8) 300-8 294-8 2958 
as-Ethyl sulphite Bt(BtO)SC 
No 


Ethyl p-toluene- JO 435-4 429-4 481:8 
sulphonate C,H (BLOSE 
ny 


p-Toluenesulphonyl W/ 0 
chloride C,H xonsq 
0 
D 18) 3208 3148 313°8 
Ethyl sulphate (EtO),S: € 
No 


375-0 369:0 3678 


369-4 369°8 


18) 
Benzylmethylsulphone OrH,aesC 
8) 


7 0 464-0 465-7 
Diphenylsulphone PHS 
No 
1 2845 282-5 
Phosphorus pentachloride C1,P 
Phosphorus oxychloride Cl,P—0O , 217-6 
Ethyl phewhete (EtO),P— 0 ° 399-1 
Phenyl phosphate (PhO);,P—>O . 686-5 
PCL ° 200-0 


Phosphorus trichloride ‘ 
Nitrogen peroxide 145°8 


by 


a ore 


" 
eS 
3 


Nitroethane 


Nitrobenzene 


Hoo 
S -$ 
ees) 


Ethyl nitrate 


Nitrosyl chloride 
n-Buty] nitrite 
Diphenyl selenoxide 
Selenium oxychloride 


fo 
Antimony pentachloride  C1l,Sb¢ a 


Antimony trichloride C1,Sb 
Arsenic trichloride Cl,As 


Phenyldichloroarsine Ph-AsCl, 
Boron trichloride BCI, . 
Ethyl borate B(OEt); . ‘ 363-1 


= Sugden, Reed, and Wilkins, loc. cit. R. & S. = Ramsay and Shields, loc. cit. 
= Phillips, J., 1925, 127, 2570. W.& 8S. = Walden and Swinne, loc, cit. 
= Harvey and Schuette, J. Amer. Chem. Soc., 1926, 48, 2065. 

= Freiman and Sugden, J., 1928, 263." 8. = Sugden, J., 1927, 1173. 

= Etridge and Sugden, J., 1928, 989. 

= International Critical Tables (see p. 2114). 

= Briner and Pylkoff, J. Chim. physique, 1912, 10, 640. 

= Henley and Sugden, this vol., p. 1058. 

= Jaeger, Z. anorg. C’ .» 1917, 101, 1. 

= Mills and Robinson, J., 1927, 1823. 
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parachor of phosphorus pentachloride, for instance, being the 
algebraic sum of those of one phosphorus atom (40-5), five chlorine 
atoms (55 each), two singlet linkages (— 9-5 each), and a strain con. 
stant of — 12 units. Their actual values may require modification 
when a more extensive range of compounds has been examined, 
but existing data for chloro- and oxy-compounds indicate that they 
may be taken as integral multiples of 3. This procedure not only 
has the merit of simplicity, but also makes it possible to classify 
analogous compounds into groups according to the numerical values 
of their strain constants (see Table VIII), thereby correlating and 
systematising the conceptions developed above. 

The position of sulphones in such a scheme is of particular 
interest in connexion with the abnormally low parachors found by 
Freiman and Sugden (loc. cit.) for sulphonal and trional. Simple 
sulphones, according to the data of these authors (see Table VII), 
belong to Group 2 of the scheme, so that the strain constant asso- 
ciated with the two R-SO,° groups present in sulphonal will be 
2 x (— 6) = — 12 units. No compounds of the type R,CX, 
(R = alkyl; X = negative group), other than those under con- 
sideration, appear to have been examined, but from the configur- 
ational resemblance which they bear to the sulphones, they also may 
be tentatively assigned to Group 2—a position which is consistent 
with their relationships to the CR,X and CRX, compounds. The 
calculated parachor of sulphonal will thus be 18 less than the sum 
of the atomic constants, i.e., 490-8 — 18 = 472-8, which is only 
15% higher than the experimental value (465-5). With trional 
([P]obs., 493-8; calc., 512-8) the agreement is less good (the greater 
contractive value of the gem-methylethyl grouping being, perhaps, 
partly responsible for the discrepancy), but it would, nevertheless, 
seem probable that the apparent parachor anomaly of disulphones 
has its origin, at least in part, in intramolecular strain. 

A further point of interest arises in connexion with the parachors 
of carbon and sulphur dioxides. If we regard the former as derived 
from carbon tetrachloride by successive replacement of the two pairs 
of chlorine atoms by oxygen atoms, it is evident, from a consideration 
of the valency deflexions involved, that the partial relief of strain 
which accrues from the first stage of the process will be more or less 
completely nullified by the second, so that the strain constants for 
carbon dioxide and tetrachloride should have approximately the 
same value, viz.. — 9 units; and similarly for sulphur dioxide, 
except that the compensating effect of the second replacement might 
be expected to be less marked on account of the presence of a semi- 
polar double bond in the intermediate compound, thionyl] chloride. 
These inferences appear to be substantiated by experiment, the 
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observed parachor of carbon dioxide (78-2; Quinn, J. Amer. Chem. 
Soc., 1927, 49, 2704; Verschaffelt, loc. cit.) being 9 units, and that 
of sulphur dioxide (101-5; Grunmach, loc. cit.; Stowe, J. Amer. 
Chem. Soc., 1929, 51, 410) 7-5 units, lower than those calculated 
additively (87-2 and 109-0 respectively). It must be pointed out, 
however, that for the latter compound the observed parachor is not 
incompatible with the alternative cyclic structure (Rankine and 
Smith, Proc. Physical Soc., 1922, 35, 33), for which the calculated 
parachor is 102-5. 

It is not possible to derive a strain constant for carbon disulphide 
in this way until data for thiocarbonyl chloride and other thio- 
carbonyl derivatives are available, but since the distortion of 
electron orbits in such compounds will, presumably, be less than that 
in the corresponding oxy-compounds, by reason of the greater size 
of the sulphur atom, their strain constants might be expected to be 
proportionately smaller. The fact that the observed parachor of 
carbon disulphide (143-7; “‘ International Critical Tables ’’) is only 
3-5 units lower than the calculated value (147-2) is, therefore, not 
inconsistent with the views developed above. 

The Significance of Strain Constants—Since the parachor is 
virtually a measure of molecular volume under comparable conditions 
as regards internal pressure, and is, therefore, more or less indepen- 
dent of the cohesion between the molecules (compare Sugden, this 
vol., p. 1055), the contractions referred to above as strain constants 
would appear to connote a real diminution of molecular volume, 
brought about either by the closer packing of atoms and groups 
within the molecule, or by a decrease in the effective size of one or 
other of the atoms concerned. In the case of the branched chain 
hydrocarbons and their derivatives the former is a possible cause, 
but the contractive effect of accumulation of negative groups cannot 
reasonably be accounted for on this basis in view of the electrostatic 
forces of repulsion which will operate between the charged groups. 

On the basis of modern theories of atomic structure, the “‘ bond ” 
between an atom of high electron-affinity, such as chlorine, and an 
atom of smaller electron-affinity, such as carbon, must be regarded 
as being partially polarised, the shared-electron orbits round the 
latter having contracted in accordance with the frequency and 
symmetry conditions of Fowler and Sidgwick (Trans. Faraday Soc., 
1923, 19, 459, 469; compare Hogjendahl, loc. cit.). The accumul- 
ation of chlorine atoms round a carbon atom will, therefore, result 
in a considerable diminution of the effective volume of the latter. 
A similar conclusion also follows from the point of view of wave 
mechanics (London, Z. Physik., 1928, 46, 455), the contraction 
resulting from a decrease in the electron density in the vicinity of 
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the carbon nucleus (compare also Goldschmidt’s work, summarised 
in Trans. Faraday Soc., 1929, 25, 253, on the influence of co-ordin- 
ation number and electron-affinity on the distance between atomic 
centres in crystals). 

The negative strain constants associated with the presence of 
-CHCl, and —CCl, groups would thus appear to correspond with a 
real diminution in the effective size of the central carbon atom, 
and to be, in fact, a measure of such diminution. The circumstance 
that the observed parachor of carbon tetrachloride (220-0) is equal 
to four times the atomic constant of chlorine lends support to this 
view, for on the above basis, this compound consists essentially of 
four bound chlorine atoms clustered round a central carbon atom 
which is, for the greater part of the time, stripped of its outer 
electrons, and is thus of comparatively negligible dimensions. 

With compounds of sulphur, nitrogen, phosphorus, and other 
elements of variable valency, the use of strain constants may, to a 
certain extent, be avoided by assigning different parachor values to 
the elements in their various states of valency, as has been done, 
e.g., in the case of molecular refraction, by Strecker and Spitaler 
(Ber., 1926, 59, B, 1754) for sulphur and phosphorus, and by 
v. Auwers and Heimke (Ber., 1928, 61, B, 1041) for nitrogen. Such 
procedure, however, does not lead to very concordant results, and 
in view of its inapplicability to carbon compounds, it was thought 
preferable to retain a constant atomic parachor for each such element, 
and to account for all anomalies by the systematic introduction of 
strain constants. 

A somewhat similar method of computation has recently been 
applied to molecular refraction (Samuel, Naturwiss., 1929, 17, 13; 
Z. Physik, 1929, 53, 380), numerical positive or negative ‘‘ group 
refractions ’ being assigned to the various organic groups, corre- 
sponding in sign and magnitude with their polarising properties 
(see also Swarts, Bull. Soc. chim. Belg., 1925, 34, 161; Fajans, 
Ber., 1926, 59, B, 249; Z. Hlektrochem., 1928, 34, 502; Nekrasov, 
Z. physikal. Chem., 1929, 140, 342). 

Hydroxy-compounds and Amines.—For associated substances, as 
noted by Sugden (J., 1924, 125, 32, 1177), the observed parachor is 
less than the calculated value, but increases slowly with temperature, 
approaching it in the neighbourhood of the critical temperature. As 
will be seen from Sugden’s data (ibid., p. 32), however, for a given 
liquid the quotient y?/(D — d), y being the surface tension and D 
and d the orthobaric densities of liquid and vapour at the same 
temperature, is comparatively constant for temperatures up to the 
boiling point, and for this temperature range, therefore, the substance 
may be regarded as having a definite parachor. 
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It is not, of course, possible to evaluate such parachors from 
the constants given above, but examination of a series of alcohols, 
acids, amines, and amides shows that they may be brought into 
line with other compounds by assuming that the volume of a hydrogen 
atom in combination with nitrogen is smaller (12-5) than when united 
to carbon (15-4), and still smaller (10-0) when combined with 
oxygen. This assumption—a logical consequence of the views 
advanced above, the effective volume of the hydrogen atom 
decreasing with increasing electron-affinity of the atom to which 
it is attached—forms the basis of Lowry’s theory of acidity (Phil. 
Mag., 1924, 47, 1021), and in addition to Rankine’s work on the 
viscosity of the gaseous hydrides (Trans. Faraday Soc., 1922, 17, 
719; Proc. Physical Soc., 1922, 34, 181; compare Smith, Trans. 
Faraday Soc., 1923, 18, 302), which led to the formulation of this 
theory, a considerable amount of evidence can be advanced in 
support of its fundamental postulate. Huggins (Physical Rev., 
1923, 21, 205; 1926, 28, 1086), for example, has pointed out that 
the diameter of the hydrogen atom, as deduced from the X-ray 
analysis of crystals, varies from compound to compound, being 
1-02 A. in potassium hydrogen fluoride, 1-46 A. in ice, and 1-65 A. 
in ammonium chloride; and to this list may be added the more 
recent value of 1-70 A. in tetramethylammonium compounds 
(Vegard and Sollesnes, Phil. Mag., 1927, 4, 985). Again, Trauben- 
berg and Philipp (Physikal. Z., 1921, 22, 587) have shown that the 
stopping-power of compounds for «-rays—a function of electronic 
frequencies, and hence of orbital dimensions—is not strictly additive, 
that of the hydrogen atom changing from 0-187 (air = 1) in methane 
and ethane to 0-173 in ammonia and 0-16 in hydrogen chloride. 

Moles (Anal. Fis. Quim., 1927, 25, 204), from an examination of 
the molecular volumes at absolute zero of the hydrides of the 
elements of Groups 4—7 of the periodic classification, was led to 
the further conclusion that in each group the volume occupied by 
hydrogen increases with the atomic volume of the element forming 
the hydride, and in this connexion the subjoined table, giving the 
apparent atomic parachor of hydrogen in combination with different 
elements, is of interest : 


Group 4. Group 5. Group 6. Group 7. 
Carbon 15-4 Nitrogen 12-5 Oxygen 10-0 — 
. eas Sulphur 15-4 Chlorine 12-8 
— Bromine 16-4 


(The values in Group 7 are derived from the data of Steele, McIntosh, and 
Archibald, Z. physikal. Chem., 1906, 55, 145; those in the other groups are 
mean values obtained from series of hydrocarbons, amines, alcohols, and 
mercaptans.) 
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Whether the hydrogen atoms in such combinations retain their 
individuality, or whether their nuclei are buried to a greater or 
less depth beneath the expanded outer electron shells of the central 
atom, as suggested by Paneth (Ber., 1925, 58, B, 1138) from the 
physical resemblance of the gaseous hydrides to the rare gases 
(see also, Bell, Phil. Mag., 1924, 47, 549), is immateria! from the 
present point of view, the assumption being that the apparent 
effective volume of hydrogen varies in the manner described. 

If these values for hydrogen in combination with nitrogen and 
oxygen be accepted, the parachors and strain constants of amino- 
and hydroxy-compounds may be predicted according to the prin- 
ciples developed above. Thus, whilst the parachor of a primary 
amine is that calculated additively, with secondary amines, as with 
compounds containing an R,CH- group, a strain constant of — 3-0 
units must be introduced, and with tertiary amines, one of — 6-0 
units (compare R,C- groups). Again, acids, like esters, belong to 
Group 1 in Table VIII (strain constant, — 3-0), whereas amides, 
consonant with the lesser electron-affinity of the amino-group, are 
normal. In the same way, «-hydroxy-esters, CHR(OH)-CO,R, and 
«-halogenated acids, CHRX*CO,H, in common with other com- 
pounds of the type RCHX,, appear to require a strain constant of 
approximately—3 units over and above that associated with the 
carboxyl group itself (see Table IX). 

Further, by reason of the diminished value of hydrogen in 
hydroxy-compounds, the parachor of the -C(OH):CH: group is 
5-4 units smaller than that of a -CO-CH,: group, and it should there- 
fore be possible, in cases of keto-enol tautomerism, to arrive at an 
approximate estimate of the relative proportions of the two forms 
present. Few such instances have been accurately examined, but 
the data (see “‘ International Critical Tables ”’) for ethyl acetoacetate 
([P] obs., 303-3. Cale., enol, 298-8; keto, 304-2), and for acetyl- 
acetone ({[P]obs., 242-0. Calc., enol, 241-8 ; keto, 247-2), at ordinary 
temperatures, are in harmony with Meyer’s conclusion (Annalen, 
1911, 380, 212; Ber., 1912, 45, 2543) that the former is mainly 
ketonic (8°% enol), and the latter mainly enolic (80% enol). Sug- 
den’s more recent value (this vol., p. 316) for benzoylacetone 
([P] obs., 382-4; cale., enol, 376-4; keto, 381-8) does not, however, 
accord well with its 98°% monoenolic constitution. 

Elements.—The variability of effective volume with atomic 
environment makes it improbable that atomic parachors derived 
from organic compounds will apply with any degree of accuracy to 
the free elements, for van der Waals (Proc. K. Akad. Wetensch. 
Amsterdam, 1914, 16, 880), van Laar (ibid., 1916, 18, 1220; J. Chim. 
physique, 1916, 14, 3), Ephraim (Helv. Chim. Acta, 1924, 7, 474), 





Compound. 


Ethyl alcohol 
Propy! alcohol 
isoButyl alcohol 
tert.-Amy] alcohol 
sec.-Octyl alcohol 
Benzyl alcohol 
Phenol 
cycloHexanol 


Ethyl! malate 
Ethy] lactate 
Ethyl tartrate 


Methy! salicylate 
Acetic acid 
Propionic acid 
tsoButyric acid 
Capric acid 
Stearic acid 
Undecylenic acid 
Levulic acid 
Chloroacetic acid 
hloroacetic acid 
Trichloroacetic acid 


Nitric acid 
Sulphuric acid 


Phenylseleninic acid 
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a 
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Dimethylaniline 
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= International Critical Tables. H. = Hardy, Proc. Roy. Soc., 1913, A, 88, 303. 
8. = Weissenberger, Seeeahes, and Schuler, Monatsh., 1924, 45, 413. 

= Morgan and Kramer, J. Amer. Chem. Soc., 191 13, 35, 1834. J. = Jaeger, loc. cit. 

= Hunten and Maass, loc. cit. H.C. & R. = Harkins, Clark, and Roberts, loc. cit. 
= Aston and Ramsay, J., 1894, 65, 167. = Pound, J., 1911, 99, 698. 

= Henley and Sugden, loc. cit. 

= Dutoit and Fath, J. Chim. physique, 1903, 1, 358. 

= Schiff, loc. cit. T. & M. = Turner and Merry, J., 1910, 97, 2069. 
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Biltz (Annalen, 1927, 453, 259), and others have shown that com- 
bination is attended by volume alterations. 

In the case of the halogens, however, some agreement between 
calculated and observed values might be expected, for an atom of 
these elements will probably occupy much the same volume when 
united to another of its own kind as when combined with carbon. 
In the latter union it will be the shared-electron orbits round the 
less electronegative and more flexible carbon atom that will undergo 
adjustment, the halogen atom in both types of combination 
approximating in size to the rare gas which follows it in the periodic 
classification. This expectation is realised in the case of chlorine, 
the atomic parachor of the element being 54:5 (Marchand, J. Chim. 
physique, 1913, 14, 573; Grunmach, loc. cit.; Johnson and McIntosh, 
J. Amer. Chem. Soc., 1909, 34, 1139), as compared with 55-0 in 
organic chlorides, whilst that of argon is 53-8 (Baly and Donnan, 
J., 1902, 81, 907; compare Rudorf, Ann. Physik, 1909, 29, 751). 
The approximate identity of the atomic parachors of fluorine in 
organic compounds (25-5) and of neon (25:1; van Urk, Keesom, and 
Nijhoff, Proc. K. Acad. Wetensch. Amsterdam, 1926, 29, 914) may ° 
also be mentioned. The greater discrepancy in the case of bromine, 
the atomic parachor of which is 65-8 in the element (‘“‘ International 
Critical Tables ’’) and 69-0 in organic bromides, is in accord with 
the smaller electron-affinity and greater size and flexibility of its 
atoms. 

With the elements of Groups 5 and 6, the difference between the 
two ‘‘ volumes ” will be more marked. In the case of nitrogen, the 
six shared electrons in the molecule, NiN, will be symmetrically 
distributed between the two atoms, but in cyano-groups, by reason 
of the greater electron-affinity of the nitrogen atom, the distribution 
will be statistically unequal, with the result that the effective 
volume of the nitrogen atom will be increased at the expense of that 
of the carbon atom. Empirically, this effect may be ascribed to a 
variation in the “constant” for the triple bond, and as on this 
basis the double bond in ~N°N- groups has a parachor value of 
12-5 units (see above), the triple bond in molecular nitrogen, 
by analogy with the corresponding carbon linkages, would be 
2x 12-5 = 25 units. The calculated parachor for elementary 
nitrogen would thus be (2 x 17-5) + 25 = 60, in good agreement 
with the observed value (60-4; Baly and Donnan, loc. cit.). It is 
not, of course, possible to make a similar forecast for oxygen. 

In the case of hydrogen, whose atoms are more flexible than those 
of carbon but, at the same time, have a smaller electron-affinity, a 
reverse effect will obtain, for in C-H unions it will be the shared- 
electron orbits round the more electronegative carbon atom which 
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will expand at the expense of those round the hydrogen nucleus, 
The fact that the atomic constant for hydrogen in hydrocarbons 
according to the present recalculation (15-4) is smaller than the 
observed atomic parachor of elementary hydrogen (17-4; Onnes 
and Kuypers, Proc. K. Akad. Wetensch. Amsterdam, 1914, 17, 
528), whereas according to Sugden’s original evaluation (17-1) the 
two are practically identical, may, therefore, be advanced as an 
argument in support of the new value. 

General.—The use of the recalculated atomic and structural 
constants does not, it must be emphasised, invalidate the general 
conclusions drawn by Sugden and his co-workers, with the exception 
of that correlating ring constants with “degree of unsaturation ” 
(Sugden and Wilkins, J., 1927, 139), and possibly also that attribut- 
ing the apparent anomaly of disulphones to the presence of singlet 
linkages (Freiman and Sugden, loc. cit.); that author’s views on 
other cases of singlet linkages and on the two types of double bond 
remain unaffected. 

The new method of computation is, admittedly, less convenient 
‘for ordinary purposes than the simple summation of Sugden’s 
“mean” constants, but this disadvantage is largely counter- 
balanced by the resulting general improvement in the agreement 
between observed and calculated parachors, and by the insight 
obtained into intramolecular relationships. 

It is necessary to add, in view of the recent appearance of a paper 
dealing with the parachors of fused salts (Sugden and Wilkins, 
this vol., p. 1291), that the use of one and the same atomic constant 
for the combined atom and for the ion of an element is difficult to 
reconcile with modern atomic theories, which imply that positive 
ions occupy a smaller and negative ions a larger ““ volume ” than the 
corresponding atoms in covalent combination (compare Born, 
Z. Physik, 1920, 1, 45). Although the parachors so calculated are 
in agreement with the observed values in the case of certain salts of 
organic bases, the fact that large positive or negative anomalies are 
found with other similarly constituted salts strongly suggests that the 
agreement is fortuitous, and due to counterbalancing variations in 
the volumes of the two ions. 

If, in accordance with the views developed above, the volume 
measured by the parachor is regarded as being directly and simply 
related to the actual dimensions of the molecule or atom concerned 
(compare the proportionality between parachors, critical volumes, 
and molecular volumes deduced from viscosity measurements; 
Sugden, this vol., p. 1055), then the parachor values of the ions of 
the halogens may be approximately estimated from the atomic 
parachors of the rare gases which follow them in the periodic classifi- 
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cation, on the assumption that the radius of similarly constituted 
atoms and ions is determined by the distribution of the outermost 
electrons, and is inversely proportional to the effective nuclear 
charge. Calculation on this basis, either according to the older Bohr 
theory or according to the newer wave mechanics (see, e.g., Pauling, 
J. Amer. Chem. Soc., 1927, 49, 765), indicates that the parachor 
values of the halide ions should, on an average, be 1-46 times those 
of the atoms of the corresponding rare gases, and hence, from the 
values given in the preceding section, about 1-44 times those of 
the halogen atoms in non-polar combination. 

The approximate ionic parachors obtained by the use of this 
factor (F’ 36; Cl’ 79; Br’ 99; I’ 130), when subtracted from the 
observed parachors of the fused alkali-metal salts, give sensibly 
constant values for the parachors of the different alkali-metal ions 
(Li 21; Na’ 45; K*° 76; Rb’ 95; Cs° 109), and from these, in turn, 
the constants for the nitrate, metaphosphate, and sulphate ions 


TABLE X. 
Salis of the Alkali Metals.* 


Tonic 


parachors. 


F’ 36 
Cl’ 79 
Br’ 99 
I’ 130 
NO,’ 109 
PO, 1382 


SO,” 172 


Li’ 
21 
57 


(58°5) 


100 
(98-4) 


(—) 


eH 
130 


- (131-5) 


(—) 
214 
(216-0) 


Na’ 
45 
81 
(82-7) 
124 
(124-8) 
144 
(143-8) 
175 
(170-8) 
154 
(152-9) 
177 
(178-1) 
262 
(261-1) 


K* 
76 
112 
(109-0) 
155 
(156-6) 
175 
(174:3) 
206 
(205-2) 
185 
(189) 
208 
(204-4) 
324 
(328-0) 


Rb" 
95 
131 
(123-1) 
174 
(182-8) 
194 
(192-7) 
225 
(226-8) 
204 
(197-9) 


(-) 
362 
(361-8) 


Cs’ 
109 
145 

(136-9) 
188 
(188-7) 
208 
(207-5) 
239 
(242-4) 
218 
(218-0) 


(—) 
390 
(388-8) 


* The observed parachors (in parentheses) are taken from Sugden and 
Wilkins (loc. cit.). 


(NO,’ 109; PO,’ 132; SO,” 172) may be obtained; the values 
calculated for the latter on the analogous assumption that each 
charged oxygen atom in such ions is equivalent to a combined 
fluorine atom with a net nuclear charge of 6 instead of 7, are 111, 
134, and 162 respectively. By using these empirical ionic con- 
stants, the parachors of 20 out of the 30 alkali-metal salts examined 
by Jaeger (loc. cit.) can be predicted to within 2 units, and of 25 to 
within 4 units of the mean observed values (see Table X). 

The extension of similar ideas to the salts of organic bases is 
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difficult, since the contraction of the nitrogen atom as a result of 
the electron transfer will be accompanied by a simultaneous diminu. 
tion in the effective volume of the hydrogen and other flexible atoms 
in the ion, by reason of the increased electron-affinity of the central 
atom. Assuming, however, that the volume change is confined to 
the nitrogen and hydrogen atoms, and that the nuclei of the latter 
are buried beneath the outer electron shell of the former, then the 
NH,’ portion of the ion may be regarded as equivalent to a corre. 
sponding CH, group with a net nuclear charge of (5 + m) instead 
of (4+). Very approximately, therefore, the parachor value of 
the —NH,° group will be 55-4 x 7°/8% = 37, that of the >NH, 
group 40 x 63/73 = 25, and that of the —>NH° group 24-6 x 53/63 = 
14 units, which values give predicted parachors within a few 
units of those obtained experimentally by Sugden and Wilkins 
(loc. cit.) for the salts of the simpler organic bases (see Table X]I). 


TaBLe XI. 
Salts of Organic Bases. 


Ionic ‘parachors. 
Salt. Kation. Anion. [P]cale.  [P] obs. 


Ethylammonium nitrate ......... 132-4 109 241-4 239-2 
Methylaniline hydrochloride ... 270-4 79 349-4 348-6 
Ethylaniline hydrochloride 310-4 79 389-4 381-9 
Dimethylammonium nitrate ... 135-8 109 244-8 249-7 
Diethylammonium nitrate 215-8 109 324-8 3248 
Dimethylaniline hydrobromide 311-8 99 410-8 412-8 


In view of the simplifying assumptions involved, the agreement 
in both cases is probably largely fortuitous, but it would, never- 
theless, seem to indicate that the explanation of the apparent 
parachor anomaly of fused salts must be sought on these lines. 


Summary. 


1. Re-examination of the existing surface tension data having 
indicated that the mean parachor increment for CH, adopted by 
Sugden is too small, the various atomic and structural constants 
have been re-evaluated by means of the corrected increment. 

2. The recalculated values lead to better agreement betwee 
observed and calculated parachors, especially in compounds of high 
molecular weight. 

3. Further, they are shown to afford information as to (i) the 
effects of intramolecular and interatomic stresses, for which allow- 
ance is made by the introduction of a “strain constant,” (ii) the 
effective volume of the hydrogen atom in amino- and hydroxy: 
compounds, and (iii) the parachors of the ions in fused salts. 
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4. The general conclusions drawn by Sugden and his co-workers, 
in particular those relating to the existence of two types of double 
bond, non-polar and semipolar, and of singlet linkages, are not 
invalidated by the recalculation. 


East GRIMSTEAD, SALISBURY, WILTS. (Received, August 2nd, 1929.] 





CCLXXV.—Dynamic Isomerism involving Mobile 
Hydrocarbon Radicals. Part I. The Triaryl- 
benzenylamidines. 


By ArtTHuR WILLIAM CHAPMAN. 


IsoMERIC changes involving the migration of a proton or anion or 
consisting merely of the redistribution of valency bonds in the 
molecules of the isomerides are frequently reversible. On the other 
hand, molecular rearrangements that involve the migration of a 
hydrocarbon radical nearly always take place in one direction only. 
Many of these completed isomeric changes (e.g., the conversion of 
imino-ethers into amides, which corresponds with imidol-amido- 
prototropy) are structurally analogous to well-known cases of 
tautomerism, but the equilibrium between the two isomerides, if it 
exists, lies so far on one side that it cannot be detected. 

During an investigation of the imino-aryl ethers (J., 1925, 127, 
1992; 1926, 2296; 1927, 1743) it was found that, whilst N-phenyl- 
benziminopheny] ether (I) underwent isomeric change into benzoyl- 
diphenylamine (II) to the extent of at least 99-9% (the limit of the 
analytical method), the rearrangement of the corresponding thio- 
ether (III) was probably reversible. 


(L.) OPh*CPh:NPh O:CPh:NPh, (1) SPh-CPh:NPh (III.) 


The belief in the reversibility of the change was based upon the 
identity and nature of the products of thermal decomposition of 
the imino-thioether and thioamide, but could not be regarded as 
satisfactorily established. The conditions necessary ior rearrange- 
ment were so drastic as to cause decomposition of both isomerides 
and to render impossible either the isolation of the imino-thioether 
from the thioamide or the detection of an equilibrium between the 
two compounds. 

It was therefore decided to examine some other triad system in 
which the expected equilibrium might be more readily observed. 

In selecting the compounds for study, the following consider- 
ations were taken into account: (1) The two ends (A, C) of the 


R 
triad aesaeten should be very nearly alike in order that the two 
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isomerides may exhibit the least possible difference in stability. 
(2) The compounds must not decompose easily when heated, for a 
high temperature may be required to effect rearrangement. (3) The 
isomerides should be obtained by some method which leaves no 
doubt as to their constitution. Their structures must also be 
demonstrated independently by some analytical process. 

Preliminary experiments indicated that the two diphenyl-p-toly]. 
benzenylamidines (IV and V) would be suitable for investigation. 

(IV.) Ph,N-CPh:N-C,H, PhN:CPh-NPh:C,H, (V.) 
Both ends of the triad were nitrogen atoms, the phenyl and p-tolyl 
groups were very similar, and the amidine system NR’-CPh-NHR 
was well known to be prototropic. Compounds (IV) and (V) 
decompose and darken only very slowly at 350°. They were pre- 
pared by condensation of an anilideiminochloride with the appro- 
priate secondary amine, ¢.g., 

Ph,NH + Cl-CPh:N-C,H, —> Ph,N-CPh:N-C,H, + HCl, 

a process that clearly demonstrated their structure. Hydrolysis 


with concentrated hydrochloric acid at 200—220° yielded the corre- 
sponding primary amine, secondary amine, and benzoic acid, e.g., 


Ph,N-CPh‘N-C,H, —> NHPh, -+ Ph-CO,H + NH,-C,H, 

When compound (IV) was heated for an hour at 280-—300° little 
change took place, but when the temperature was raised to 300— 
320° a new material, m. p. about 140°, was recovered on crystallis- 
ation of the melt from alcohol. After (IV) had been heated at 
330—340° for two hours no unchanged substance could be recovered, 
but large quantities of the new material were obtained. This had 
the same composition and molecular weight as the original com- 
pound, but on hydrolysis it yielded a mixture of diphenylamine, 
phenyl-p-tolylamine, primary amines, and benzoic acid, and there- 
fore appeared to be a mixture of both isomerides. All attempts to 
separate the mixture were unavailing, but when an artificial mixture 
of (IV) and (V) in the ratio 1 : 2 was crystallised from alcohol an 
entirely similar material separated from the solution. 

It was therefore evident that, at the high temperature employed, 
partial conversion of one isomeride into the other had occurred. 

Samples of (IV) and of (V) were then heated at 322—323° for 
various times, and the ratio of the two isomérides in each melt was 
estimated to within about 5% by the method described in the 
experimental section. The results obtained are shown in the 
figure. It will be seen that the two compounds underwent inter- 
conversion by migration of a phenyl group, yielding finally an 
equilibrium mixture containing 60—65% of (V). 
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It must be concluded, therefore, that the phenomenon of dynamic 
isomerism, well known in the cases of mobile hydrogen, anions, or 
valency bonds, extends also to mobile hydrocarbon radicals. Whilst, 
however, there is complete structural similarity between the tauto- 
merism of amidines of the type NR’?CR-NR”H and the present case, 
the migration of the aryl group requires much more drastic con- 
ditions than does the migration of the proton. Dynamic isomerism 
involving mobile organic radicals is probably entirely different in 
mechanism from the other “‘ tautomeric ” changes. The latter have 
generally been shown to be intermolecular. depending upon the 
catalytic activity of the reagents employed to bring about the 
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change, whilst the phenomenon now described, as judged from its 
close analogy with the transformation of imino-aryl ethers into 
amides, is intramolecular in character. 

It is interesting to note that the amounts of compounds (IV) and 
(V) contained in the equilibrium mixture are approximately in the 
ratio 1 : 2, which would be expected if the distribution of the aryl 
groups on the nitrogen atoms were governed solely by chance. 
This is not surprising when the close similarity between the phenyl 
and p-tolyl groups is recalled. When, however, the effects of 
substitution on the rearrangement of the imino-ethers are borne 
in mind (J., 1927, 1743), it is probable that the replacement by 
other radicals of one or more groups in the amidines now studied 
will exert a marked influence both upon the mobility of the migrating 
group and upon the position of equilibrium attained. Experiments 

40 
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to determine the nature and magnitude of this influence are now in 
progress. 
EXPERIMENTAL. 

Preparation of the Isomeric Amidines.—Benz-p-toluidideimino. 
chloride (or benzanilideiminochloride) (about 15 g.) was fused and 
weighed into a large test-tube. An equivalent amount of diphenyl. 
amine (or phenyl-p-tolylamine) was added, the mixture well stirred, 
and the tube heated in a bath of boiling water for 2 hours. The 
glassy mass was broken out of the tube, powdered, warmed with an 
excess of pyridine (50 c.c.) to remove the hydrogen chloride, and 
poured into water. The amidine separated as an oil which set 
rapidly to a hard crystalline mass and was then crystallised from 
alcohol. 

N-Diphenyl-N’-p-tolylbenzenylamidine (IV) crystallised in micro. 
scopic pale yellow needles, m. p. 170—171° (Found: N, 7-7. 
CygHagN, requires N, 7-7%), sparingly soluble even in hot alcohol. 
After it had been heated with concentrated hydrochloric acid ina 
sealed tube at 200—220° for 6 hours, p-toluidine (identified as its 
acetyl derivative, m. p. 147—148°),-diphenylamine (m. p. 52—54°), 
and benzoic acid (m. p. 122°), were obtained. The identities of 
these substances and of those obtained by hydrolysis of (V) were 
confirmed by the method of mixed melting points. 

NN’-Diphenyl-N-p-tolylbenzenylamidine (V) (Found: N, 7-7%), 
microscopic yellow crystals sparingly soluble in alcohol, appeared 
to be dimorphous: if heated slowly it melted at 173—174°, but 
when plunged into a bath at 140° it melted at once, and then after 
being cooled and again heated it melted at 173—-174°. There was 
no loss of weight when the compound was heated in a steam-oven 
for a few hours, but the product melted at 173—174° and did not 
do so if plunged into a bath at 140°. Aniline (identified as acet- 
anilide, m. p. 110—113°), phenyl-p-tolylamine (m. p. 88—90°), and 
benzoic acid (m. p. 122—123°) were obtained on hydrolysis. 

The phenyl-p-tolylamine required for the preparation of (V) was 
obtained from benzanilideiminochloride and p-cresol by the method 
recently described (this vol., p. 569). An over-all yield of 67% 
of recrystallised phenyl-p-tolylamine was obtained calculated on 
the iminochloride used. The intermediate compounds were used 
directly without purification.* 


* In the preparation of imino-aryl ethers from anilideiminochlorides and 
sodium phenoxides in alcoholic solution, it is usually only necessary to have 
an excess of about 10 mols. % of phenol over the sodium. A large excess 
of resorcinol was employed in the first preparation of this kind (J., 1922, 121, 
1679) in order to avoid the formation of any appreciable amount of its di- 
sodium compound. 
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Preliminary Experiments on Compound (IV).—After this com- 
pound (5 g.) had been heated in an oil-bath at 280—300° for 50 
minutes, only a slight depression of the freezing point (to 165°) 
was noted, and the heating was therefore continued at 310—330° 
for a further 40 minutes. On crystallisation of the cooled material 
from alcohol, slightly impure unchanged substance was recovered 
(3-1 g., m. p. 163—165°, raised to 166—167° by recrystallisation 
from dibutyl ether), and then 0-7 g. of material, m. p. 137—141° 
(Found: N, 7-75; M, by Rast micro-method, 316. Calc. for 
CygHapNo: N, 7:7%; M, 362), which still melted at 138—140° 
after recrystallisation from dibutyl ether, but gave mixed m. p.’s 
of 152—160° with (IV) and 160—164° with (V). 

Quantities of 20 and 100 g. of (IV) were then heated at 330— 
340° for 2 hours. No unchanged substance was recovered from 
these melts, but only material similar to that obtained in the first 
experiment (m. p. ca. 140°, indefinite). Numerous attempts to 
obtain pure substances by crystallisation from or extraction with 
various solvents, or by conversion into a picrate were all unsuc- 
cessful. 

3 G. of this material were hydrolysed with concentrated hydro- 
chloric acid at 200—220°. The mixture was made alkaline and 
distilled in steam. The first 70 c.c. contained most of the primary 
amines. ‘These were dissolved in hydrochloric acid and filtered 
from the small quantity of oily secondary amines. On neutralis- 
ation, followed by acetylation with acetic anhydride, a crude acetyl 
compound was obtained (0-45 g.; m. p. 108—115°), which melted 
after recrystallisation from water at 130—136° (impure aceto-p- 
toluidide). A further 700 c.c. of distillate was collected and con- 
tained an oil which solidified on keeping (1-05 g., m. p. 65—70°), 
and after recrystallisation from light petroleum melted at 80—81° 
(mixed m. p. with phenyl-p-tolylamine, 82—84°). This could not 
have been produced by hydrolysis of the original amidine (IV). 
The solution remaining in the distillation flask deposited benzoic 
acid (0-7 g., m. p. 121—122°) when acidified. 

5 G. of (IV) and 10 g. of (V) were cautiously fused together, and 
on crystallisation from alcohol (200 c.c.) the mixture was similar 
to that obtained by heating (IV) [11-3 g.; m. p. 188—140°, 140— 
141° after recrystallisation from alcohol, 139—143° when mixed 
with material from heating of (IV)]. 

Quantitative Experiments on the Interconversion of the Isomeric 
Amidines—A number of test-tubes, each containing 5 g. of (IV) 
or (V), were immersed in a well-stirred oil-bath at 322—323°. At 
stated intervals a tube was withdrawn from the bath, and when 
quite cold the material was broken out of the tube and roughly 
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powdered. About 3 g. were then hydrolysed with concentrated 
hydrochloric acid (25 c.c.) in a sealed tube at 200—220° for 6 hours, 
The hydrolysed mixture was made alkaline with concentrated 
potassium hydroxide and distilled in steam. To the distillate 
(1 litre) was added one-ninth of its volume of concentrated hydro. 
chloric acid, the mixture was shaken, cooled, and kept for 1—2 
hours. The insoluble secondary amines were filtered off, washed 
with water, and dried in the air. They were mixed by being fused 
together, and cooled rapidly, and the m. p. of the mixture was 
determined. The relative proportions of the two amines present 
were then ascertained from the melting-point curve which had 
previously been constructed for mixtures of the pure substances, 
and the composition was confirmed by a mixed m. p. determination 
with the nearest artificial mixture of the two amines. Preliminary 
experiments with mixtures of the two amidines in known propor. 
tions showed that the results thus obtained were accurate to within 
about 5%. 


Melting points of mixtures of diphenylamine and phenyl-p-tolylamine. 


NHPh-C,H, (% by wt.) ... 96 21:3 29-7 378 486 
NHPh-C,H, (mols. % $9 19:9 28:0 360 46-6 
ALLE LT aT ‘9° 507° 45:12 43-5° 52-0° —60-6° 
NHPh-C,H, (% by wt.) ... 597 68-7 81-3 91-0 100 


NHPh-C,H, (mols. %) ‘1 67-0 80:0 90-3 100 
‘5° 742° 80-72 85-0° 88-5? 


Conversion of (IV) into equilibrium mizture. 


Time (MINB.). ccccecccccsesccsrsceress 20 45 70 120 129 
M. p. of mixture of amines 46-1° 52-7° 56° 69-8° 75° 
(V), % 37 41 58-5 68 


Time (Mins.) .......s.0eeseeeeseevees 180 240 240 300 
-M. p. of mixture of amines 72° 68-8° 73-2° 
62 57 64 


Both this and the following table each include the results of two 
separate series of experiments. 


Conversion of (V) into equilibrium mixture. 
Time (mins.) 60 120 180 240 245 
M. p. of mixture of amines 85° 82° 781° 765° 75-7° 70-9° 
82 74 71 69 61 


The author desires to express his thanks to the Research Fund 
Committee of the Chemical Society for a grant that has defrayed 
part of the cost of this investigation. 


THe UNIVERSITY, SHEFFIELD. [ Received, July 19th, 1929.] 
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OCLXXVI.—The Chemistry of the Three-carbon System. 
Part XXII. The Preparation and Interconversion 
of Isomeric Unsaturated Nitriles. 


By ARupmiaAt Kanpran and REGINALD Patrick LINSTEAD, 


In the course of the general determination of the effect of sub- 
stituent groups on the mobility and equilibrium of three-carbon 
systems, we deemed it desirable, in view of certain anomalies, to 
reinvestigate the tautomerism of unsaturated nitriles observed by 
Birch and Kon (J., 1923, 123, 2440), whose results may be summar- 
ised as follows: Pyrogenic decomposition of «$-unsaturated cyano- 
acids such as (I) produced unsaturated nitriles capable of reacting 
in the «8-phase, but having the @y-structure (III). On the other 


CH,:CH CH,°CHa~_cecrey, 
©) CH<oRc BCC< 60H Coy CH >COHON (IL) 


CHy<oHe CB CH,CN (IL) 


hand, the homologues with an alkyl group attached to the same 
carbon atom as the cyano-group, produced by the action of 
sodium ethoxide on the corresponding alkylated cyano-esters, were 
invariably obtained in the «$-phase (IV). 


IV.) CH <oH CHD” CR-CN CoH CHC CHR-CN (V.) 


One of the immediate objects of this work was, therefore, to 
account for this discrepancy, and for this purpose it was decided to 
effect the synthesis of the individual isomerides of the types (II), 
(III), (IV), and (V), and to study their controlled interconversion 
(Kon and Linstead, this vol., p. 1269). 

A ready solution of the preparative problem was fortunately 
available. It had been observed by one of us (R. P. L.) that styryl- 
acetamide (VI), although not cleanly dehydrated by the conven- 
tional reagent, phosphoric oxide, was smoothly converted into a 
crystalline nitrile, m. p. 59—60°, on treatment with a solution of 
phosphorus pentachloride in phosphorus oxychloride : 


(VI.) CHPh:CH-CH,-CO-NH, —> CHPh:CH:CH,°CN (VI) 


This product appeared to be in every way identical with that 
(m. p. 589—60°) prepared by Thiele and Sulzberger (Annalen, 1901, 
319, 209) who used a complex synthesis affording no clue as to the 
position of the double bond. This nitrile gives benzaldehyde on 
oxidation and has undoubtedly the @y-structure (VII). The fact 
that the process yielded the unsaturated nitrile in a state of purity 
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and did not cause an undue amount of resinification led us to apply 
it to the two individual amides, (VIII) and (IX), of the cyclo. 
hexane series, and we obtained the isomeric nitriles (III) and (II) 
in good yield. That prepared from cyclohexylideneacetamide (IX) 


CH, CH. puccr cn, Meee 
CH< oR? CHD CCH CON, CH, oq" cq? >C:CH-CONH, 


(VIIT.) (IX.) 


(III.) (II.) 


had the higher boiling point, as expected, and showed considerable 
exaltation in its molecular refraction. The «$-position of the 
double bond was confirmed by oxidation to cyclohexanone. The 
nitrile obtained from the isomeric amide on the other hand un. 
doubtedly had the #y-structure (III), and was in every way identical 
with Birch and Kon’s product (loc. cit.). 

For the further examination of these compounds and for the 
study of their interconversion, the iodometric method was applied. 
It was necessary, however, to modify the usual conditions owing 
to the comparatively low reactivity of these substances. Satis- 
factory results were obtained by using the reagents in double the 
usual concentration (Linstead and May, J., 1927, 2565) and pro- 
longing the time of reaction to one hour. Under these conditions 
the By-nitrile gave an iodine addition of 56%, and the «8- of 3%. 

Apart from the fact that von Auwers (Ber., 1923, 56, 1172) has 
observed that the unstable allyl cyanide is converted into crotono- 
nitrile when its ethereal solution is shaken with dilute alkali, the 
tautomeric changes of unsaturated nitriles have not been directly 
investigated. It is now found that «$- and Sy-unsaturated nitriles 
pass rapidly into an equilibrium mixture on treatment with sodium 
ethoxide at room temperature. Eight pairs of isomerides have 
been examined and the reaction appears to be general. For 
example, when the two cyclohexane nitriles (II) and (III) were 
treated for 24 hours with sodium ethoxide (1 mol.) under the standard 
conditions of Kon and Linstead (loc. cit.), the product in each case was 
composed almost exclusively of the «$-nitrile. The iodine additions 
of the two products were 10-7% from the By-side and 10-0% from the 
«8-, corresponding to an «$-content of 94-5 and 95% respectively. 

The equilibration was remarkably free from side reaction, and 
about 85% of material could be recovered. The principal change 
By- —> «-nitrile was confirmed by hydrolysis of the equilibrated 
nitrile, prepared from the @y-side, with 100° sulphuric acid (com- 
pare Macq, Bull. Acad. roy. Belg., 1926, 12,753). The pure «f-amide 
was isolated by fractional crystallisation of the mixture of amides 
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obtained. Under the same conditions the pure #y-nitrile yielded 
only the By-amide without movement of the double bond. This 
result indicates the exceptional stability of the unsaturated system 
to acid catalysts and thus serves to confirm the value of the method 
used in the preparation of the nitriles. The reactions of the equi- 
librated nitrile with condensing agents (see below) also confirm the 
composition found iodometrically. 

The mobility of the nitriles of the cyclohexane series was investig- 
ated along the usual lines and was found to be unexpectedly high, 
interconversion being virtually complete in an hour. The half- 
change period is about 7-5 mins., and the mobility is of the order 
of 920, 1.e., slightly higher than that of the corresponding ketones 
(Kon and Linstead, loc. cit.). 

It is now possible to review Birch and Kon’s results. The 
preparation of their nitrile by distillation of the «$-cyano-acid (I) 
has been repeated and gave a product identical with our pure 
8y-nitrile (the movement of the double bond in this reaction is 
discussed later), and having an iodine addition of 55%. It is, 
therefore, clear that Birch and Kon’s product contains no «@-nitrile 
as such and that tautomeric change is only effected by alkaline 
catalysts, in the general manner of the substances investigated in 
this series. This is confirmed by the reactions of the isomeric 
nitriles. Thus, Birch and Kon obtained a 30% yield of the imino- 
compound (X) on condensing their (Sy-) nitrile with cyanoacet- 
amide, and a 70% yield of the piperonylidene compound (XI), 
both reactions being carried out in the presence of sodium ethoxide : 


NaOEt 
(IL.) — > (IIL) 


=<=_— 


wu 


CH,-CH CH,-C:NH HCH, 
- 2 2 2 ’ - 2 > C: C CN 
H,-CH? CH-C,H,0, 
(XI.) 


CH “NH CH 


2 
\cuH,-CH,’  \CH(CN)CO 
(X.) 


Under identical conditions it is now found that the «$-nitrile gives 
a 63% yield of the imino-compound (X), and the yield from the 
$y-nitrile is confirmed as 30%. If, however, the #y-nitrile is first 
equilibrated with sodium ethoxide and then treated with sodio- 
cyanoacetamide the yield is increased to 51%. The same piper- 
onylidene compound (XI) is given by both the isomeric nitriles, 
the yields being 70% from the By- and 45% from the «f-isomeride. 
It is clear that the effectiveness of the ethoxide as a catalyst in 
the three-carbon change is diminished by the presence of con- 
densing reagents, presumably by a process of partition. 

The production of the @y-nitrile from the cyano-acid (I) is of 
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some interest. There is no doubt that condensation of cyclo. 
hexanone with ethyl cyanoacetate yields a substantially «$-pro. 
duct—the ethyl ester of (I) (Lapworth and McRae, J., 1922, 121, 
2741; Birch, Kon, and Norris, J., 1923, 123, 1361). The position 
of the double bond in the corresponding cyano-acid has, however, 
not been proved, for although Lapworth and McRae were of the 
opinion that this substance had the «$-structure, they were unable 
to obtain it in the state of purity necessary for examination. We 
have been able to confirm their view of the structure of this acid 
both by oxidising the purified material (m. p. 109°; Harding, 
Haworth, and Perkin, J., 1908, 93, 1947, give 109—110°) with 
permanganate, whereby cyclohexanone was obtained, and by 
esterification, which yielded an ester identical in properties with 
the well-known ethyl «-cyanocyclohexylideneacetate. The move- 
ment of the double bond in the pyrogenic formation of this nitrile, 
anticipated by Lapworth and McRae (loc. cit.), is thus proved, the 
result being in agreement with previous work (Braun, Monatsh., 1896, 
17, 218; Strassmann, ibid., 1897, 18, 722; von Auwers, loc. cit.). 

a-Alkyl Series—The isomeric nitriles in both the «-methyl and 
the «-ethyl series (IV and V, R = Me and Et) were readily prepared 
from the corresponding amides by the standard procedure. In 
each series, two distinct isomerides were obtained, with the properties 
to be expected from their method of preparation, and on treatment 
with sodium ethoxide they gave an equilibrium mixture which in 
each case had the expected preponderance of «f-form. Inter- 
conversion was somewhat slower than in the unsubstituted series, 
and, of the alkyl derivatives, the ethyl were appreciably less mobile 
than the methyl (see table, p. 2144). 

It is clear that the “‘ abrupt contrast” between the substituted 
and unsubstituted series is non-existent, and that the differences 
previously observed were due purely to the fact that the substances 
were not examined under comparable conditions. Kon and Nara- 
yanan’s explanation (J., 1927, 1536) of the formation of «-alkylated 
nitriles from alkylated cyano-esters (XII), in which the double 
bond must be Py-, now becomes unnecessary in view of the proved 
high mobility of these substances in the presence of sodium ethoxide. 
We would attribute the first stage of this decomposition to the 
formation of the active ion (XIII), which can then undergo the 
necessary tautomeric change : 


-~CH, AN “CH, 
— 
~cHF OP co mt ~cHY 


JN 
CCR“ — + CO(OEt), 


+- NalORt® Na®~._ 
(XII.) (XIII.) 


~(IV.) 
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The present work has other repercussions on that of Kon and 
Narayanan, and Dr. Kon has dealt with these in a note (p. 2144). 

Other Series—The new methods of preparation, analysis, and 
equilibration were successfully applied in the cases briefly described 
below. 

(i) cycloPentane series. The two isomeric nitriles (XIV, XV) 
underwent extremely rapid interconversion in the presence of 
sodium ethoxide, the equilibrium being far on the «$-side (93-5%). 
The By-nitrile (XIV) was apparently identical with that prepared 
by Harding and Haworth (J., 1910, 97, 486) and by Birch and 
Kon (loc. cit.) from the corresponding cyano-acid. These investig- 
ators correctly assigned the ®y-structure to this substance. The 


’ H,°CH H,°CH. ° 
xiv.) GH CH. c.cH,-CN CHy CH CCHCN (XV.) 
(H,-CH7 s (H,-CH,> 
structure of the new «$-nitrile was confirmed by its oxidation to 
cyclopentanone. 

(ii) 6-Methylpentenoic series. The isomeric nitriles derived from 
methyl ethyl ketone, viz., 


(XVI.) CHMe:CMe-CH,°CN and CH,Me-CMe:CH’CN (XVIL.) 


closely resembled their cyclopentane analogues. Equilibrium was 
rapidly reached, and in this series its position was so far on the 
a8-side that the analytical method was incapable of detecting the 
presence of the #y-isomeride. Gardner and Haworth (J., 1909, 
95, 1955) describe the preparation of a 6-methyl-A+-pentenonitrile 
by the distillation of an impure «-cyano-$-methyl-A*-pentenoic 
acid, having determined the position of the double bond by hydrolysis 
of the nitrile through the ethyl ester to an acid, which was con- 
sidered to be 8-methyl-$-ethylacrylic acid as it gave methyl ethyl 
ketone on oxidation. To fall into line with other substances, a 
nitrile prepared in this manner would be expected to have the 
$y-structure, and it appears probable that in Gardner and Haworth’s 
work, at some stage of the hydrolysis, appreciable interconversion 
occurred with the final production of an acid containing sufficient 
of the «-form to give the appropriate oxidation product. This 
view is supported by the fact that Gardner and Haworth’s acid is 
described as a mobile liquid, whereas pure $-methyl-8-ethylacrylic 
acid is a solid, m. p. 45° (Fichter and Gisiger, Ber., 1909, 42, 4707; 
Kon and Linstead, loc. cit.; but see p. 2151). 

(iii) Methyleyclohezane series. In addition to the foregoing 
experiments, we have examined the effect of substitution of a 
methyl group in the 2-, 3-, and 4-positions in the cyclohexane ring. 
In this work, however, the preparation and dehydration of the six 

402 
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amides was not undertaken on account of the considerable expense 
involved. The Sy-nitrile (XVIII; or with double bond in 1 : 6. 
instead of 1: 2-position) in each series was prepared from the 
corresponding cyano-acid, the general method of Harding, Haworth, 
and Perkin (loc. cit.) being used. The double bond in all these 
cyano-acids is presumably «$-, and the original formule need 
adjustment in this respect. 
CHR" <<Go CH >CCHyCN CHR" <6 GH >O:CHCN 
(XVIII) (XIX.) 


All three nitriles gave iodine additions of about 50%, which fell 
on equilibration to steady values of about 7%. This is attributed 
to the formation of at least 90% of the «$-isomerides (XIX), the 
iodine additions of the pure «$-nitriles being assumed to be of the 
same order as those already determined. The $y-nitriles prepared 
from the cyano-acids give the usual reactions characteristic of both 
phases. All three condense with piperonal to give the higher 
homologues of (XI), but with sodiocyanoacetamide only the 3-methyl 
and 4-methyl compounds condense. The 2-methyl nitrile reacts 
neither at once nor after preliminary equilibration, abnormality of 
a 2-methylcyclohexanone derivative being not without precedent 


(compare Kon and Thorpe, J., 1919, 115, 686). The structures of 
the condensation products from the 3- and 4-methyl nitriles were 
controlled by hydrolysis to the corresponding diacetic acids. 

Summary.—The mobility and position of equilibrium of these 
nitriles determined under standard conditions are given in the 
following table : 


Half-change Mobility, Ratio 
period (ky + ke) aB-/By- at 
Series. (mins.). x 104. equilibrium. 
cycloHexane . 15 ca. 920 19 
a-Methyleyclohexane ... 20 360 16 
o-Mthylepiohentan 93 74 9 
cycloPentane > 1000 14 
8-Methylpentenoic > 1000 Very high 99 
2-Methyleyclohexane ... -— ca. 9 . 90 
3-Methyleyclohexane ... -- ca. 9 . 90 
4-Methyleyclohexane ... — ca. 9 . 90 


Two definite generalisations may be drawn: (1) the cyano- 
group is among the most powerful single activating groups known; 
(2) the position of equilibrium is almost independent of the alkyl 
substituents, and may be assumed to be controlled predominantly 
by the cyano-group. In addition, the «-alkylated nitriles supply 
a well-marked example of the fall in mobility with the increasing 
size of the «-group: H>CH,>C,H;. 

Note (By G. A. R. Kon).—The experiments described above 
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definitely establish the great mobility conferred on the three- 
carbon system by a terminal nitrile group, and provide a ready 
explanation of the contradictions formerly observed in the chemistry 
of these substances. It is clear that Kon and Narayanan’s inter- 
pretation of their results (loc. cit.) was incorrect, and that it is the 
sy-form of the nitriles which is the less stable. The production of 
this form in the pyrogenic decomposition of an «$-unsaturated 
cyano-acid is remarkable; it is analogous to the formation of 
cyclohexylideneacetone from A!-cyclohexenylacetoacetic acid (Jupp, 
Kon, and Lockton, J., 1928, 1638; compare Dickins, Hugh, and 
Kon, this vol., p. 572). 


EXPERIMENTAL. 


yeneral Methods.—(1) Preparation of nitriles from amides. 
Powdered phosphorus pentachloride (30 g.) was warmed with 
phosphorus oxychloride (30 c.c.) in a wide-mouthed flask under 
reflux until the most part had dissolved. The flask was then 
removed from the source of heat and the amide (20 g.) added 
gradually from a wide tube. The mixture was well shaken after 
eh addition, hydrogen chloride being copiously evolved, and 
as finally heated on the steam-bath until evolution of the gas 
eased (about 2 hours). The dark brown liquid was cooled and 
slowly poured into water, care being taken to prevent the accumul- 
gtion of undecomposed phosphorus chlorides. The nitrile was 
extracted with ether, the extract washed with water, and the 
residue after removal of the solvent was distilled in steam. The 
nitrile passed over in the first litre of distillate, and was extracted 
wice with ether, dried, and the solvent removed, the residue 
being purified by distillation under reduced pressure. All the 
itriles prepared in this work (except styrylacetonitrile) were 
olourless mobile oils with strong characteristic odours. 

(2) Iodometric estimations. With the usual solutions (Linstead 
pnd May, loc. cit.), trial experiments showed that the addition 
even to By-nitriles was small in an hour. After various trials, 
onvenient results were obtained by using solutions containing 
10:14 g. of mercuric chloride and 6-76 g. of iodine each in 100 c.c. 
of rectified spirit, equal volumes of these solutions being mixed 
and kept in the dark for 24 hours before use. In an analysis, 
‘zy g--mol. of nitrile was dissolved in 50 c.c. of chloroform. The 
procedure otherwise followed the usual lines (loc. cit.), a reaction 
eriod of one hour being used throughout. The method gave 
ery concordant results and there was no back reaction after 
itration. 

(3) Equilibration. The general procedure of Kon and Linstead 
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(loc. cit.) was followed. At the end of the required time, an amount 
of the equilibrated solution equivalent to about 2 g. of nitrile was 
pipetted into water and exactly neutralised with dilute sulphuric 
acid. The nitrile was isolated in the usual way and distilled under 
reduced pressure. 

Styrylacetic Series.—Styrylacetyl chloride (Linstead and Williams, 
J., 1926, 2735) (35 g.) on treatment with aqueous ammonia (d 0-880) 
gave a solid product which after trituration with ether, in which 
the amide is insoluble, and one crystallisation from dilute alcohol, — 
yielded styrylacetamide (VI) as small shining plates with a slight 
brown colour, m. p. 128°. Kohl (Ber., 1903, 36, 174) found m. p, 
130° for the amide prepared from the corresponding ethyl ester, 
On being heated with phosphoric oxide in a glycerol-bath at 140°, 
the amide gave only resinous products, but treatment with phos. 
phorus pentachloride in phosphorus oxychloride in the manner} 
already described yielded the pure nitrile in 62% yield. The steam 
distillation may be dispensed with in this preparation. 

Styrylacetonitrile (VII) forms beautiful white shining leaflets 
from light petroleum, m. p. 59—-60° (compare Thiele and Sulz. 
berger, loc. cit.). It is insoluble in water or cold petroleum, spar- 
ingly soluble in cold ether, and readily soluble in alcohol, hot 
ether, and hot petroleum (Found: C, 83-6; H, 64. Calc. for 
Cy >HN : C, 83-9; H, 62%). 

On treatment of the nitrile with excess of neutral permanganate 
the smell of benzaldehyde soon became perceptible. When oxid- 
ation had apparently ceased, the organic material was extracted 
with ether, and the benzaldehyde was identified in the residue 
after removal of the solvent, by means of the semicarbazone (m. p. 
218—219°; mixed m. p.). 

cycloHexane Series.—40 G. of A1-cyclohexenylacetamide (VIII), 
m. p. 152° (Wallach, Annalen, 1907, 353, 284) were obtained from 
50 g. of the corresponding acid. Qn dehydration, 20 g. yielded 
10 g. of the nitrile (III), b. p. 105°/22 mm., di 0-9533, nif" 1-4843, 
whence [R;]p 36-30 (Calc. 36-30) (Birch and Kon, loc. cit., give 
d2” 0-9473, n2Z™ 1-4787 (Found: ©, 79-2; H, 92. Calc.: (¢, 
79:3; H, 9-1%). 

25 G. of cyclohexylideneacetamide (IX) (m. p. 147°, mixed m. Pp. 
with the @y-isomeride, 115—120°) (Wallach, Annalen, 1909, 368, 
262) were obtained from 30 g. of the acid. The amide (20 ¢)) 
yielded 58% of the corresponding cyclohexylideneacetonitrile (Il), 
b. p. 107—108°/22 mm., di?" 0-9483, nii° 1-4928, whence [Rz]p 37! 
(Found: C, 79-5; H, 9-2. C,H,,N requires C, 79-3; H, 9-1%). 

A suspension of the nitrile in water was left with a slight exces 
of 3% aqueous potassium permanganate for 12 hours. The filtrate 
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from this mixture was extracted with ether, and evaporation of 
the solvent gave a mixture of unchanged nitrile and cyclohexanone, 
identified as its semicarbazone, m. p. 165—166°, alone or when 
admixed with an authentic sample. 
Mixtures of the two nitriles reacted with iodine chloride, under 
the conditions already defined, as follows : 
ag-Nitrile, % 100 80 70 50 30 10 0 (By-) 
Addition, % : 25:0 315 43:0 50:0 540 563 
Equilibrium. The @y-nitrile (4:8 g.) was equilibrated with an 
excess Of N/l-sodium ethoxide for 24 hours at 25°. From the 


resulting solution, 4-2 g. of nitrile were isolated having b. p. 106°/20 


>Bmm., di 0-9493, nif’ 1-4892 (Found: C, 79:0; H, 92%). The 
;.mboiling point was steady and there was no high fraction. The 
iodine addition of the product was 10-7%, corresponding to 94:5% 
a8-nitrile. A similar experiment with the «$-nitrile gave a pro- 
duct with the same properties and an iodine addition of 10-0%, 
corresponding to 95% «@-nitrile. 

Mobility. The conversion of the @y-nitrile into the equilibrium 
.Pmixture under standard conditions is shown by the following 


figures : 
Time of treatment (mins.) 50 75 105 
Iodine addition, % . 15-6 12-6 11-6 
af-Nitrile formed, % . 90-5 93 94 

Hydrolysis to amides. The fy-nitrile was resinified by treatment 
with warm 2N-sulphuric acid and with 50% sulphuric acid. The 
following procedure was satisfactory, however. The nitrile (4 g.) 
was cautiously treated with an equimolecular amount of ice-cold 
100° sulphuric acid, prepared by adding the requisite amount of 
fuming acid to the concentrated acid (Macq, loc. cit.). The thick 
brown liquid, which evolved sulphur dioxide freely, was heated on 
the steam-bath for 10 hours and then cooled. The hard mass was 
shaken with ice and repeatedly extracted with ether. The extract 
was washed with sodium carbonate solution and water, dried, and 
evaporated. A white crystalline solid was obtained (crude m. p. 
142°), which, after two crystallisations from dilute alcohol, had 
m. p. 152°. Its identity with the ®y-amide was confirmed by a 
mixed melting-point determination. On similar treatment, a 
sample of the equilibrated nitrile prepared from the fy-isomeride 
gave a crude amide, m. p. 115°. From the less soluble fraction, 
the «8-amide was isolated by crystallisation from dilute alcohol ; 
m. p. 146-5°, mixed m. p. 146°. The more soluble fraction yielded 
4 small amount of the By-amide, m. p. 152°. 

Treated under the conditions of Birch and Kon (loc. cit.) for 





KANDIAH AND LINSTEAD ; 


24 hours, the By-nitrile (1-9 g.) gave 2-8 g. of the piperonylideng 
compound (XI), m. p. 127°. The «$-nitrile (1-9 g.) gave 1-8 g. of 
the same compound under these conditions, the identity of the 
products being confirmed by a mixed melting-point determination 
On treatment with sodiocyanoacetamide under the conditions of 
Birch and Kon for 2 hours, the «$-nitrile gave the imino-compoun 
(X), which decomposed indefinitely at about 276°. The yield of 
the product dried at 100° was 63%. A control experiment with 
the Py-nitrile gave a 30% yield. The y-nitrile, equilibrated i 
the manner already stated and then treated under identical con. 
ditions, gave a yield of 51%. The products were hydrolysed i 
the usual manner through the w-imide of «-cyanocyclohexane. 
1: 1-diacetic acid, m. p. 213—214°, to cyclohexanediacetic acid, 
m. p. 181°. The identity of the material was in each case checked 
by a mixed melting-point determination: 

Experiments with cyclohexylidenecyanoacetic acid (I); The cyano. 
acid, prepared by Harding, Haworth, and Perkin’s method using 
sodium ethoxide as condensing agent (loc. cit.), had m. p. 109°. 
A solution of 5 g. in 30 c.c. of absolute alcohol was saturated with 
hydrogen chloride at 0° and kept over-night. The ester isolated 
in the usual way was distilled under reduced pressure; it had b. p. 
154—155°/23 mm., dii* 1-0560, nf®* 1-4975, whence [Rz]p 53-58. 
The ester prepared from cyclohexanone and cyanoacetic ester by 
direct condensation has b. p. 151°/10 mm., dj?" 1-0539, niJ* 1-4967, 
The cyano-acid (1 g.) was dissolved in sodium carbonate solution 
and treated with a cold 3% solution of potassium permanganate. 
cycloHexanone was isolated from the product in the usual way, 
and identified as its semicarbazone, m. p. 165—166°. 

When the cyano-acid was heated, a nitrile distilled at 120— 
135°/50 mm., and after purification (Birch and Kon, loc. cit.) had 
b. p. 105°/22 mm., iodine addition 55%. 

a-Methyleyclohexane Series.—Crude cyclohexanolpropionic acid 
(von Auwers and Ellinger, Annalen, 1912, 387, 200) (70 g.) was de- 
hydrated in the usual manner with acetic anhydride. In this and 
similar preparations, the yield was considerably improved if the 
acetic acid and acetic anhydride were removed under reduced 
pressure before the reaction product was steam-distilled. Solid 
«-cyclohexylidenepropionic acid began to separate after the first 
two litres of steam-distillate had passed over. Im all, 10 litres 
were collected and kept over-night. The solution was filtered, 
extracted with ether, the solvent removed, the residue digested 
with sodium carbonate, and the acid recovered from the alkaline 
layer in the usual way. The acid obtained by extraction was 
always contaminated with an oily impurity. The total yield of 
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xg-acid was 65%. It distilled at 160°/17 mm., and crystallised 
in thick plates from light petroleum, m. p. 83° (Found: C, 69-9; 
H, 9-3. Cale. for Cj5H,,0,: C, 70-1; H, 9-1%): von Auwers and 
Ellinger (loc. cit.) give m. p. 79°, but do not appear to have analysed 
this acid. Thionyl chloride gave a rather poor yield of the acid 
chloride, b. p. 115—116°/12 mm., which with gaseous ammonia 
yielded the amide, crystallising from dilute alcohol in lustrous 
plates, m. p. 120°. On dehydration this gave a good yield of 
a-cyclohexylidenepropionitrile (IV ; R=Me), b. p. 102—103°/13 mm., 
dir 0-9366, nij 1-4941, [R;]p 42-0 (Calc., 40-9) (Found: C, 79-8; 
H, 9-6. Cale. for C,H,,N: C, 80-0; H, 9-6%). 

Ethyl «-A!-cyclohexenylpropionate, prepared from the $-hydroxy- 
ester by using phosphorus oxychloride as dehydrating agent, boiled 
at 105—110°/26 mm., and on cautious hydrolysis (Linstead, J., 
1927, 2585) yielded «-A1-cyclohexenylpropionic acid,* b. p. 144°/14 
mm. (Wallach and Evans, Annalen, 1908, 360, 26, give b. p. 148— 
150°/13 mm.). The pure ethyl ester, prepared by esterification 
of the acid by dry, ice-cold alcoholic hydrogen chloride has b. p. 
97—98°/12 mm. The acid chloride, prepared in the usual way, 
yielded the anilide, needles from dilute alcohol, m. p. 56° (Found : 
C, 78:5; H, 8-5. C,;H,ON requires C, 78-6; H, 83%). The 
amide, also prepared from the acid chloride, crystallised from 
aqueous alcohol in fine needles, m. p. 90°, and on dehydration 
(23 g.) gave the nitrile (15 g.). «-A1-cycloHexenylpropionitrile (V ; 
R = Me) boils at 113°/13 mm., and has dif 0-9382, nif 1-4761; 
[Ry |p 40-7 (Calc., 40-9) (Found : C, 79-9; H, 9-8. Cale. for C,H,,N : 
C, 80-0; H, 96%). Harding, Haworth, and Perkin’s nitrile, b. p. 
150°/90 mm., is probably identical with this (loc. cit.). 

Mixtures of the isomeric nitriles reacted with iodine chloride as 
follows : 

f af-Nitrile, % 100 80 65 50 35 20 0 (By-) 
Addition, % 13-2 19-8. 27-0 31-0 36-0 40-5 

Equilibration of the #y-nitrile under standard conditions yielded 
products with the following properties : 

5 5 + 24 
“9 “0 5-4 5-5 
5 9 94 94 


Time of treatment (hrs.) ... 0-5 1-0 1 
Iodine addition, % 16-5 10-2 6 
af-Nitrile formed, % 725 855 91: 
Similar treatment of the «$-nitrile for 24 hours gave a product 
with iodine addition 5-2%, whence «-nitrile = 945%. 

A sample of cyclohexylidenepropionitrile prepared from ethyl 
a-cyano-«-Al-cyclohexenylpropionate (Birch and Kon, loc. cit.) had 


* This acid has subsequently been obtained as a solid, m. p. 38°, by Mr. 
R. 8. Thakur of this College. 
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b. p. 106°/14 mm., iodine addition 3%, and hence was the almost 
pure «$-isomeride. 

a-Hthyleyclohexane Series.—Ethyl «-cyclohexanolbutyrate (Kon 
and Narayanan, loc. cit.) was hydrolysed with cold 10% aqueous 
potassium hydroxide. The acid was isolated in the usual way in 
a yield (75%) much better than that obtained in the work quoted. 
A small quantity of the acid was distilled without decomposition 
at 164°/24 mm. The crude hydroxy-acid was dehydrated with 
acetic anhydride and worked up in the usual manner. After 
7 litres of steam-distillate had passed over, the unsaturated acid 
began to solidify; 16 litres in all were collected, the acid being 
worked up in the same way as for the lower homologue. The 
product boiled at 152—153°/10 mm., and partially solidified on 
cooling. The solid acid was filtered off, drained on porous earthen- 
ware, and recrystallised from dilute alcohol. 

a-cycloHexylidenebutyric acid forms prisms, m. p. 62° (Found: 
C, 71:6; H, 9-6. Cale. for C,)H,,0,: C, 71-4; H, 94%). Kon 
and Narayanan’s liquid acid (b. p. 165°/20 mm.) presumably 
contained isomeric impurity. The acid chloride boiled at 110— 
111°/10 mm., and yielded the amide, crystallising from dilute 
alcohol in long silky needles, m. p. 108—109° (compare Kon and 
Narayanan), On dehydration this yielded «-cyclohexylidene- 
butyronitrile (IV; R= Et), b. p. 114°/11 mm., di" 0-9225, ni?* 
1-4887; [Rz]p 46-53 (Calc., 45-53) (Found: C, 80-2; H, 103. 
Cale. for C,)H,;N : C, 80-5; H, 10-1%). A sample of the nitrile 
prepared by Farrow and Kon’s method (J., 1926, 3124) had b. p. 
112—113°/12 mm., diP 0-9228, nj” 1-4887. The substance does 
not appear to have been previously analysed. 

a-Al.cycloHexenylbutyramide, prepared by Kon and Narayanan’s 
method (loc. cit.), had m. p. 115—116°. On dehydration it gave 
a-Al.cyclohexenylbutyronitrile (V; R= Et), b. p. 112°/12 mm., 
dii* 0-9263, nj“ 1-4794, [R,]p 45-68 (Found: C, 80-3; H, 10-2. 
C,)H,,N requires C, 80-5; H, 10-1%). 

Mixtures of the isomeric nitriles had the following iodine additions : 


af-Nitrile, % 80 65 50 35 20 0 (By-) 
Iodine addition, % 5 91 133 195 244 268 30:3 


Standard equilibration of the By-nitrile gave the following results : 


Time of treatment (hrs.) ... 0-5 10 20 30 60 80 240 
Todine addition, % 275 242 180 13-7 80 68 5&7 
af-Nitrile formed, %, 185 325 *535 65:0 835 865 89:5 
The «f-nitrile on similar treatment gave a product with an iodine 
addition of 5-2%, whence af = 90%. 

cycloPentane Series.—cycloPentylideneacetyl chloride (Kon and 





CHEMISTRY OF THE THREE-CARBON SYSTEM. PART xx. 2151 


Linstead, J., 1925, 127, 820) was converted into the amide, m. p. 
138°, 20 g. of which yielded 55% of nitrile on dehydration. cyclo- 
Pentylideneacetonitrile (XV) has b. p. 97—98°/24 mm., dj?“ 0-9427, 
ns 1-4805, [R;Jp 32-30 (Cale., 31-68) (Found: C, 78:3; H, 8-2. 
C,H,N requires C, 78-5; H, 8-4%), and on oxidation in the manner 
described for the analogous cyclohexane compound, it yielded cyclo- 
pentanone, ‘identified as the semicarbazone (m. p. 204°, mixed 
m. p.). 

Al-cycloPentenylacetamide, m. p. 144° (Wallach and Speransky, 
Annalen, 1902, 323, 159) (25 g.) yielded 62% of the corresponding 
nitrile (XIV). This had b. p. 91—92°/19 mm., di“ 0-9395, nif* 
14683, [Rz]p 31-7 (Found: C, 78:2; H, 82. Cale.: C, 785; 
H, 84%). Birch and Kon’s figures for the nitrile prepared from 
the cyano-acid are b. p. 99°/33 mm., d?* 0-9394, nf* 1-4681 
(loc. cit., p. 2446). 

Mixtures of the isomeric nitriles had the following iodine additions : 


af-Nitrile, % so 6 80 0 (By-) 
Iodine addition, % 0 184 231 320 408 493 


On equilibration under standard conditions for 24 hours the 
products from the «f$- and #y-nitriles had iodine additions of 8-7 
and 9-3%, corresponding to «8-contents of 94 and 93% respectively. 


The mobility could not be determined, for after 5 minutes’ treat- 
ment of the fy-nitrile, the product was almost jndistinguishable 
from the equilibrium mixture. 

8-Methylpentenoic Series.—8-Methyl-8-ethylacrylic acid (Kon and 
Linstead, J., 1925, 127, 623) distilled at 122—123°/22—23 mm. 
The last fraction of the acid solidified in the condenser, and the 
bulk of the distillate on cooling. The solid acid, m. p. 45°, was 
identical with that previously obtained, but there was a consider- 
able amount of liquid product. The solid acid gave an amide, 
m. p. 99° (Kon and Linstead give 92—93°), and the same product 
was obtained in a state of purity from the liquid acid. It would 
appear that these represent geometrically isomeric forms of 8-methy]- 
8-ethylacrylic acid, yielding a common acid chloride and amide 
(compare Newbery, J., 1925, 127, 295).* On dehydration, the 
amide (19 g.) yielded $-methyl-As-pentenonitrile (XVII) (6 g.), 
b. p. 63°/20 mm., d?* 0-8432, ni?* 1-4447, [R;]p 30-0 (Calc., 29-36). 

8-Methyl-A*’-pentenamide (15 g.), m. p. 124—125° (Kon and 
Linstead, loc. cit.), yielded 10 g. of the corresponding nitrile. 
8-Methyl-A®-pentenonitrile (XVI) has b. p. 60°/19 mm., d?* 0-8478, 

* These acids are being further investigated. If the existence of the liquid 
isomeride is confirmed, the fact that Gardner and Haworth’s acid was liquid 
(see p. 2143) can no longer be taken as providing evidence as to its lack of 
homogeneity. 
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ny,” 1-4367, [R;]p 29-36 (Found : C, 75-5; H, 9-7. C,gH,N requires 
C, 75°8; H, 9-5%). 
Mixtures of these nitriles had the following iodine additions : 


af-Nitrile, % 80 50 20 By-) 


0 
Iodine addition, % . 15-7 33-3 46-0 51-5 


On equilibration, the «8- and fy-nitriles gave products with 
iodine additions (2-0%) exactly agreeing with that of the pure 
a®-nitrile. After 5 minutes’ treatment, the addition of the Py-nitrile 
falls to 5% and the system is therefore too mobile for accurate 
measurement. 

o-, m-, and p-Methylcyclohexane Series.—a-Cyano-1-methylcyclo- 
hexylidene-2-acetic acid (formula I with Me in position 1) was 
prepared from 2-methylcyclohexanone (Deutsche Hydrierwerke 
A.-G.) by the general method of Harding, Haworth, and Perkin. 
The crude acid solidified after standing in a vacuum desiccator for 
several days, and was drained on porous earthenware; it separated 
from benzene in short needles, m. p. 106—107° (Found: C, 67:3; 
H, 7:3. Cy Hj,0,N requires C, 67-0; H, 7-3%). On distillation 
it yielded 2-methyl-A1 © ®).cyclohexenyl-1-acetonitrile (XVIII; R= 
Me, R’ = R” = H), b. p. 101°/14 mm., d? 0-9384, nz* 1-4762, 
[Rz]p 40-4 (Calc., 40-9) (Found : C, 79-9; H, 9-8. C,H,,N requires 
C, 80-0; H, 9-6%). The iodine addition was 51-6%, falling after 
equilibration to 5-2%, corresponding with the production of the 
«8-isomeride. 

3-Methyl-A!-cyclohexenyl-l-acetonitrile (XVIII; R’ = Me, R= 
R” = H) (Wallach and Beschke, Annalen, 1906, 347, 341; Harding 
and Haworth, loc. cit.), prepared from the cyano-acid, had b. p. 
113°/20 mm., d?* 0-9239, nj} 1-4732, [R,]p 41:3. Its iodine 
addition was 47-3%, and after equilibration, 7-2%. 

4-Methyl-A1}-cyclohexenyl-l-acetonitrile (XVIII; R’’ = Me, R= 
R’ =H) (Harding, Haworth, and Perkin, Joc. cit.) boiled at 109°/16 
mm., and had dj" 0-9232, nj" 1-4726, [R,]> 41-0. The iodine addition 
of 55-2% fell on equilibration to 8-8%. 

Condensation with cyanoacetamide. Each of the nitriles (2 c.c.) 
was allowed to react with 2-1 g. of cyanoacetamide as before. 
The m- and p-methyl compounds each yielded 0-8 g. of the imino- 
compounds (as X), but the o-methyl compound did not react either 
before or after equilibration. The two imino-compounds were 
hydrolysed to the corresponding w-imides of «-cyano-3- and -4-methy- 
cyclohexane-1 : 1-diacetic acids, which melted at 235° and 230° 
respectively (Found, for the 3-methyl compound : C, 65-3; H, 7-4; 
for the 4-methyl compound : C, 65-5; H, 7:3. C,,H,,0,N, requires 
C, 65-5; H, 7-°3%). Hydrolysis with concentrated sulphuric acid 
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gave quantitative yields of the corresponding diacetic acids, m. p. 
143° and 158° respectively (Thorpe and Wood, J., 1913, 103, 1586). 
Mixed melting points with authentic specimens showed no depression. 

Condensation products with piperonal. These were obtained from 
the three nitriles in very good yield by the method of Birch and 
Kon (loc. cit.). The piperonylidene derivative of the p-methyl 
nitrile formed colourless lustrous needles m. p. 132° (Found: C, 
76-0; H, 6-3%); that of the m-methyl nitrile first separated as an 
orange powder which, after two crystallisations from aqueous 
alcohol, formed clusters of yellow needles, m. p. 84° (Found: C, 
76:2; H, 65%); and that of the o-methyl nitrile separated as a 
gelatinous mass, but after being drained on porous earthenware could 
be crystallised from alcohol, separating as yellow needles, m. p. 122° 
(Found: C, 76-2; H, 6-5. C,,H,,O,N requires C, 76-4; H, 6-4%). 
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CCLXXVII.—Investigations of the Lower Olefinic 
Acids. Part I. n-Hexenoic Acids. 


By Eustace Nrevitt Eccort and ReeinaLp Patrick LinsTEaD. 


THE primary object of the present series is a thorough investigation 
of the tautomeric changes of unsaturated acids, but as this will 
necessitate the preparation of a large number of these substances, 
it is intended not to restrict the study to this one aspect of their 
chemistry. The need for a wide approach to the subject has been 
emphasised by recent observations (Goldberg and Linstead, J., 
1928, 2343) on the reduction of sorbic acid (I), which suggest that 
even'so well known a reaction as this has been insufficiently studied. 
The present paper represents the second stage in the investigation 
of the reduction products. 

It was found in the earlier work (loc. cit.) that “‘ hydrosorbic acid ”’ 
failed to pass into the equilibrium mixture of «$(II)- and @y(III)-n- 
hexenoic acids readily obtained by the action of caustic alkali on 
a8-hexenoic acid. (The term “ hydrosorbic acid ”’ is used in this 
paper for the acid mixture obtained by reduction of sorbic acid 
and not as a pseudonym for fy-hexenoic acid.) This provided the 
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first indication that sorbic acid gave other than the generally 
accepted complete 1:4 addition (compare Evans and Farmer, 
J., 1928, 1644). Oxidation showed the presence in hydrosorbic 
acid of the ®y- and y8-isomerides (III and IV), 

(I.) CHMe:CH-CH:CH-CO,H CH,Me-CH,°CH:CH-CO,H (II.) 
(t11.) CH,Me-CH:CH-CH,°CO,H CHMe:CH-CH,°CH,°CO,H (IV.) 


formed by 1 : 4- and 1 : 2-addition respectively, and the proportion 
of the isomerides did not appear to be affected to any great extent 
by the conditions of reduction. 

The abnormal results of equilibration were attributed to the fact 
that of the two unsaturated acids only the By- was affected by 
treatment with alkali, the y3-isomeride remaining unchanged and 
obscuring the results of iodometric analyses. 

It was clearly desirable to obtain further evidence in support 
of this view, and following a suggestion by Dr. J. L. Simonsen, the 
synthesis and examination of the pure fy- and y8-isomerides has 
been undertaken. 

It was known that the Sy-hexenoic acid formed from the af-acid 
during equilibration behaves normally to alkali (Joc. cit.), the reaction 
being of the usual reversible type, and hence it was decided to 
attempt the separation of this acid from the equilibrated product. 
Experiment showed that a partial separation could readily be 
effected by distillation of the product, for on cooling the distillate 
in ice a large amount of unchanged «®-acid separated out in the 
usual solid form, m. p. 32—33°. Iodometric titration showed that 
the residual liquid acid (A) was more reactive (30% addition) than 
either the equilibrium mixture (18%) or the pure «f-acid (1%) and 
by analogy with other series might be supposed to contain 50% or 
more of the required fy-acid. For further separation we endeav- 
oured to make use of the well-known fact that By-acids are stronger 
than their «8-isomerides by means both of partial neutralisation 
and of partial esterification. A small additional degree of separ- 
ation was effected by partial neutralisation (compare Wechsler, 
Monatsh., 1893, 14, 462), but as anticipated, this was insufficient 
for the purpose in view, and the possibilities of methods based on 
fractional esterification were then examined. 

Sudborough and his collaborators (J., 1907, 91, 1033; 1909, 95, 
319; 1910, 97, 2450), having found that By-acids are esterified with 
much greater facility than their «8-isomerides, utilised this fact in 
the separation of two typical mixtures (Sudborough and Thomas, 
J., 1911, 99, 2307). The same two authors (loc. cit.) attempted the 
separation of «8- and ®y-hexenoic acids, using an equilibrated acid 
prepared from “ hydrosorbic acid’; they were able to separate 
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unesterified solid «-acid—formed from the f#y-isomeride in the 
hydrosorbic acid (compare Fittig and Baker, Annalen, 1894, 283, 
117; Goldberg and Linstead, loc. cit., p. 2359)—but they apparently 
did not attempt to isolate Py-acid from the esterified portion. 
That their material must have contained a large amount of -y8-acid 
is clearly shown by the small proportion of «$-acid isolated in this 
work. 

A method based on Sudborough’s principle, but with certain 
experimental modifications, has now been developed and applied 
with success to the complete separation, not only of the acids now 
under discussion, but also to a considerable number of other isomeric 
pairs investigated in these laboratories. The great value of the 
method lies in the fact that liquid By-acids can now be isolated in a 
state of definite instead of assumed purity: several, indeed, have 
been obtained in a solid form for the first time. 

The liquid mixture of «6- and fy-hexenoic acids (A) (see above) 
shows an exaltation in [R,], of 0-54 unit. On controlled esterific- 
ation with cold alcoholic hydrogen chloride (p. 2160), it yields over 
half its weight of an ester and a smaller quantity of unchanged acid, 
which is the almost pure «$-isomeride. On hydrolysis of the ester, 
an acid (B) is obtained, which boils 12° below the «$-acid and has 
a low molecular refractivity (exaltation, 0-32 unit) and an iodine 
addition (43-6%) approaching that (46-8%) of the lower homologue, 
By-pentenoic acid (Goldberg and Linstead, loc. cit.). This acid 
solidifies readily in ice, melts at about 4°, and is nearly pure 
@y-hexenoic acid (III). In order to obtain the acid perfectly pure, 
the partial esterification process was repeated twice, but only very 
small amounts of «$-acid were separated and the improvement in 
properties was slight. The full process may be illustrated by the 
following scheme : 


(Esterified) Ester (a) (45% Ester (b) (80%) Ester (c) (70%) 
A ge A 


her pea / a = 41 ie ee 
Liquid mixture A Acid B Acid C Acid D 
7. * \ 
XX X x 
(Unesterified) af-Acid (38%) Acid B’ (8%) Acid C’ (7%) 


The high yield of ester from acids B and C confirmed the fact that 
they were essentially By-; moreover, in the final esterification the 
small unesterified portion (C’) had properties approaching those of 
the By-acid. The last sample (D) being regarded as pure fy-acid, 
iodometric analysis gives the following proportions of this acid in 
the intermediate products : 


FUME. otinenseensasccess A B Cc D A’ B’ C’ 
Composition, % Py... 56 90 96 100 (0) 41 71 
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The pure fy-acid gives distinct derivatives. It boils at 107°/15 
mm. and melts at 4—5°, the m. p. being depressed to below —15° 
by admixture with the solid «8-acid. On oxidation it yields pro- 
pionic acid but no succinic acid (contrast hydrosorbic acid; Fittig, 
Annalen, 1892, 268, 38; Goldberg and Linstead, loc. cit.; Evans 
and Farmer, loc. cit.). The general properties of the acid obtained 
by one partial esterification (e.g., B) suggest that it contains more 
than the 90% of By-acid indicated by iodine titration, which may 
be taken to represent a minimum value; this specimen gives the 
derivatives yielded by the pure acid and would seem to be suitable 
for preparative work. Over 10% of it can be obtained from the 
readily available «$-acid in one series of operations. 

It was a matter of great interest to examine the action of alkali 
on the new acid. When it was equilibrated under the standard 
conditions (J., 1927, 2579), a product was obtained identical in 
every way with that formed from the «$-acid. This completely 
confirms the original ideas on the abnormality of ‘‘ hydrosorbic 
acid.” The equilibrium mixture contains 30% of Sy-acid and this 
value has been confirmed from the «$-side. The approximation 
previously given (25% ®y-) was based on mistaken ideas as to the 
reactivity to iodine of the By- and y8-acids. The effect of the y-ethyl 
group is thus slightly greater than that of the y-methy] in stabilising 
the By-phase in the three-carbon system. 

It remained to synthesise y3-hexenoic acid and confirm Fichter’s 
observation that it is unaffected by caustic alkalis (Ber., 1896, 29, 
2370). As in our experience the pyrogenic decomposition of 
lactonic acids is the least satisfactory of all methods for the prepar- 
ation of unsaturated acids, the original synthesis (bid.) was not at 
first repeated, but the acid was prepared by a new method from 
crotonaldehyde through crotyl bromide (VI) and the corresponding 
A8.butenylmalonic acid (VIII) : 


CHMe:CH:CHO —> CHMe:CH-CH,-OH _—> oe 
; (V.) (VI.) 


(IV.)<— CHMe:CH-CH,°CH(CO,H), <— CHMe:CH-CH,°CH(CO,Et), 
(VIIL.) (VIL.) 


This synthesis leaves no doubt as to the position of the double bond, 
and gives a pure product. The acid obtained has the normal 
optical properties and yields acetic and succinic acids on oxidation 
with permanganate. It also gives the crystalline cadmium salt 
(compare Fichter, loc. cit.) and the p-toluidide, m. p. 103° (Fichter 
and Pfister, Ber., 1904, 37, 1997), and we have further characterised 
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it by the preparation of the anilide, m. p. 87°. Here, however, the 
resemblance to the acid of Fichter ended, for we were unable to 
induce our acid to solidify even when kept for long periods in a 
freezing mixture, whereas Fichter’s acid is described as readily 
yielding a solid melting at 0°. In order to determine whether this 
was due to some accidental impurity, a sample of Fichter’s acid was 
prepared and characterised by the preparation of the cadmium salt, 
the p-toluidide, and the anilide, which were identical in every way 
with those given by the acid prepared by the new method. The 
Fichter acid, however, readily solidified in a freezing mixture 
and melted sharply at 0°. On seeding a sample of the new acid 
cooled below 0° with the solid Fichter acid, no solidification occurred. 
Further, the two acids showed marked differences in density and 
refractivity. The sharpness of the boiling point and of the melting 
points of the derivatives, and also the results of analysis show clearly 
that the new acid is a chemical individual and it is therefore 
necessary to assume that the two acids are cis-trans-isomerides 
about the double bond. These would be expected to give identical 
oxidation products and the same series of derivatives, as the 
acid chloride would be that of the stable form (compare Newbery, 
J., 1925, 127, 295). The only unexplained feature is the form- 
ation from both acids of what is apparently the same cadmium 
salt. 

Both forms of the acid have a considerable affinity for iodine, 
but the reaction of the Fichter acid, which it is proposed to call the 
“q ’-form, is lower (80%) than that of the new “8 ”’-acid (92%). 
Fichter (loc. cit.) states that his acid is unchanged by boiling alkali, 
but he gives no details of the properties of the recovered acid. We 
have been unable to repeat the experiment on the «-acid owing to 
lack of material. The $-acid is, however, completely unchanged by 
25% caustic potash at 100° even after 24 hours’ treatment. The 
recovered acid has the high iodine addition of the B-acid, yields the 
characteristic p-toluidide, and will not solidify in a freezing mixture. 
It is therefore clear that, whichever of these forms of the yé-acid is 
present in ‘‘ hydrosorbic ”’ acid, the observed incomplete equilibra- 
tion is fully accounted for. The fact that the two yé-acids have 
dissimilar iodine additions makes it impossible to give more than 
an approximate estimate of the relative amounts of 1:2- and 
1:4-reduction products in hydrosorbic acid. This is unfortunate 
in view of the theoretical importance of this reduction. The change 
in iodine addition on equilibration is shown below (round figures) 
for the pure acids and for several samples of ‘“‘ hydrosorbic ”’ acid 
(Goldberg and Linstead, Joc. cit.) : 
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ys- yo- “* Hydrosorbic.”’ * 
Acid: af-. By-. (a-Form). (8-Form). (1). (2). (3). 

Before equili- 
bration 1 47 80 91 62 57 60 


After equili- 
bration 17 — 93 48 49 51 


* Prepared by reduction with (1) sodium amalgam and carbon dioxide, 
(2) sodium amalgam and sulphuric acid, (3) aluminium amalgam. 


If it is assumed that the y8-acid is present in hydrosorbic acid as 
the «-form, then the iodine additions of the three samples of the 
acid agree with those of a roughly equal mixture of By- and y8-acids, 
and this is in agreement with the iodine values obtained after 
equilibration. If the y3-acid is present as the more reactive {-form 
the proportion of this must be lower. 

The results from this point of view suggest that 1 : 2-addition of 
hydrogen to sorbic acid occurs to the extent of 40—50%, in agree- 
ment with the results of Evans and Farmer (loc. cit.), who give 
values of 35, 40, and 30% for the lower limit of 1 : 2-addition in 
reductions by three similar methods. 

Both the beautifully crystalline p-toluidides (Fichter and Pfister, 
loc. cit.) and anilides serve to characterise the n-hexenoic acids, and 
the m. p.’s of the derivatives and of the acids are summarised 
below : 


ys- ys- 
By-. (a-Form). (8-F' orm). 
M. p, of acid y 4—5° 0° 


109—110* 76 
a p-toluidide ... 125t 95 


* Goldberg and Linstead, loc. cit, } Fichter and Pfister, loc. cit. 


%? 


“‘Hydrosorbic acid ” gives fairly well-defined crystalline derivatives 
which melt indefinitely and appear to be composed of mixed crystals. 
The melting points of hydrosorbic anilide (about 55°) and p-toluidide 
(about 74°) are raised by admixture with either the corresponding 
pure Sy- or the pure yd-derivative. 

The new data throw light on some other aspects of the chemistry 
of hexenoic acids. Fittig and Landsberg (Annalen, 1880, 200, 43) 
noticed that addition of hydrobromic acid to hydrosorbic acid 
yielded a bromocaproic acid which on treatment with water regener- 
ated an unsaturated acid apparently isomeric but not identical with 
hydrosorbie acid. Hjelt (Ber., 1882, 15, 617) found that the 
product of the same reaction contained, in addition to caprolactone 
(Fittig and Hjelt, Annalen, 1881, 208, 67), an unsaturated acid 
resembling that of Fittig and Landsberg. This acid differed from 
hydrosorbic acid in that it solidified at —12° and melted at —10°. 
It now seems probable that this unsaturated acid was impure 
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%y-hexenoic, the bulk of the y3-acid having been removed as lactone. 
The only other reference to a “‘ solid ’’ hydrosorbic acid seems to be 
that of Wahlbaum (J. pr. Chem., 1917, 96, 245), who isolated the 
phenylacetate of a #y-hexenol from Japanese oil of peppermint. 
The position of the double bond was fixed by oxidation, the alcohol 
yielding the 8-hexeny] ester of ®y-hexenoic acid, which on hydrolysis 
(under unspecified conditions) yielded an acid, b. p. 215—218°, 
solidifying in a freezing mixture. Wahlbaum considered this to be 
impure af-acid, but, unless the hydrolysis was conducted under 
extremely vigorous conditions, it was most probably an impure 
sample of the solid Py-acid. 

Reference must finally be made to the ®y-hexenoic acid of Fittig 
and Delisle (Annalen, 1889, 255, 61), prepared by pyrogenic decom- 
position of the corresponding paraconic acid. This resembled 
hydrosorbic acid superficially, but from its method of preparation 
it must have been the chemically pure By-acid, a view which is 
strengthened by the fact that Fichter and Pfister isolated a 
p-toluidide from this acid with a melting point (95-5°) identical 
with that of our derivative. Fittig and Delisle, however, definitely 
state that their acid remains liquid at —18°, and it would appear 
that this represents an example of cis-trans-isomerism analogous to 


that of the y8-acids. At present we have been unable to confirm 
this owing to difficulties encountered in the preparation of the 
necessary intermediate paraconic acid. 


EXPERIMENTAL. 


Af.n-Hexenoic Acid.—The best yields were obtained by the 
following process: A*-Hexenoic acid, m. p. 32° (Goldberg and 
Linstead, loc. cit.) is equilibrated in 200—300 g. quantities by 
8 hours’ heating under reflux (brine bath at 105°) with 10 equivs. 
of 40%, caustic potash, the temperature inside the 3-litre flask 
remaining at 100°-+ 1°. The product is cooled in ice, acidified 
with 50% sulphuric acid, and extracted exhaustively with ether. 
The solvent is removed from the dried extract, and the residue 
distilled under reduced pressure. Some water first passes over 
from the decomposition of hydroxy-acid. Distillation of the 
unsaturated acids commences at about 112°/15 mm. and all the 
distillable product is collected, no attempt at fractionation being 
made. The distillate is cooled in ice (not in a freezing mixture), and 
the «B-acid which separates is removed by filtration at the pump 
through a funnel cooled at 0°. The liquid filtrate yields no solid 
28-acid on cooling at 0° and seeding. 220 G. of the «®-acid yield 
77 g. of the liquid mixture (A). 

If the unsaturated acids are separated from the hydroxy-acid by 
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distillation in steam, the yield is lower. The «$-acid removed by 
filtration and the hydroxy-acid remaining as residue after the 
vacuum distillation can be treated again with caustic potash and 
yield further quantities of By-acid. After a second treatment in 
this way, however, the accumulation of hydroxy-acid makes it 
advisable to distil the unsaturated acids in steam before vacuum 
distillation. 

Attempted Separation of the Mixture (A).—A typical sample of 
the liquid mixture had d}3” 0-9608, ni§* 1-4435, whence [R;]p 31-52 
(cale., 30-98), iodine addition (Linstead and May, J., 1927, 2573; 
ten-minute reaction) 30-4%. Practically no separation of fy-acid 
was effected by distillation, the acid boiling steadily at 117—118°/ 
23 mm., and having di* 0-9614, nj’ 1-4440, iodine addition, 32-7%. 

The mixture (A) (33 g.) was treated with half the theoretical 
amount of sodium hydroxide and the solution distilled in steam. 
The acid in the distillate was isolated in the usual way [(i), 15 g.]. 
The residue was treated with one-third of the theoretical amount of 
acid and again distilled in steam. The distillate gave 5 g. of acid (ii). 
The residue was acidified and extracted, giving 10 g. of acid (iii). 
These acids had the following properties : 


B p np. ay. [Rr)y- 


(i) 110—112°/12 mm. 1-4452 0-9623 31-58 
li _ 1-4457 0-9635 31-56 
—_ 1-4432 0-9632 31-39 


The iodine addition of (iii) was 35-99% (about 70% By-acid). 
Separation was therefore incomplete and the method was not 
further investigated. 

Separation by Partial Esterification—As the principal object of 
this process is the preparation of pure By-acid, we have used shorter 
times of reaction than Sudborough (loc. cit.). There are also other 
differences in the methods of working. The mixture (A) (80 g.) was 
added to a solution of 208 c.c. of N/1-alcoholic hydrogen chloride in 
625 c.c. of absolute alcohol, and the whole allowed to stand for 
3 hours at room temperature. The product was poured into 
3 volumes of water, made alkaline with sodium carbonate, and 
allowed to separate. The layer of ester was dissolved in a little 
ether and the aqueous solution run off without thorough extraction, 
which at this stage only results in the removal of alcohol, which has 
to be removed by fractionation through a column later. The alcohol 
was then removed from the aqueous layer at a temperature of 50 
at the pump and the residue twice thoroughly extracted with ether. 
The extracts and the layer originally separated were combined, 
washed twice with saturated brine, and dried with calcium chloride. 
After removal of the ether, the residue was fractionated under 
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reduced pressure. The unesterified acid was obtained from the 
aqueous solution after complete removal of the ester, acidification 
and exhaustive extraction. (This process has now been used with 
minor modifications in seven or eight separations; convenient 
quantities appear to be: acid mixture, 1 g.-mol.; N/1-alcoholic 
hydrogen chloride, 300 c.c.; alcohol 900 c.c. The most convenient 
time of esterification is found by preliminary experiments.) In 
the present example the acid fraction yielded 30 g. (37-5%) of nearly 
pure «@-acid, crystallising readily at room temperature. The 
neutral fraction gave 44 g. (45%) of an ester (a) boiling constantly 
at 70°/15 mm., and having d? 0-8970, nf’ 1-4267, [Rz]p 40-63 
(cale., 40°33). This was hydrolysed with 2 equivs. of 10% 
potassium hydroxide and sufficient alcohol to secure miscibility for 
48 hours at room temperature. The product was diluted to twice 
its volume with water, and the alcohol removed at the pump with 
as little warming as possible. The solution was then acidified and 
extracted with ether. The solvent was removed and the acid freed 
from traces of ester by extraction with 10% potassium carbonate 
solution. From the alkaline layer, after extraction with ether, the 
acid was recovered in the usual way; 26 g. were obtained, b. p. 
108°/15 mm. (B). In another experiment 77 g. of the mixture (A) 
gave after one 3-hour esterification an ester yielding 25 g. of acid 
on hydrolysis. This may be compared with the following experi- 
ment with the «$-acid. 

10 G. of the pure solid acid were treated under exactly the same 
conditions for 4 hours. After removal of the solvent from the 
neutral fraction there was a faint smell of ester but no detectable 
residue. The acid fraction yielded 7-5 g. of unchanged solid «f-acid. 

The acid (B) has di 0-9611, ni§* 1-4403, [R,]) 31:3, and an 
iodine addition of 43-6°%. It readily solidifies in ice and melts at 
about 4°. To test its purity it was submitted to further partial 
esterifications. 

After 4 hours’ treatment 10 g. of acid (B) yielded 10 g. (80%) of 
ester, and 0-8 g. (8%) of acid. The acid (B’) had b. p. 116°/15 mm., 
ni’ 1-4457, iodine addition 23-4%, and slowly deposited a solid 
(presumably the «8-acid) in a freezing mixture. The ester (b) had 
b. p. 66°/14 mm., di** 0-8973, n§* 1-4264, [R,]p 40-57, and on 
hydrolysis gave 7 g. of anacid (C). This had b. p. 110—111°/15mm., 
di? 0-9638, ni; 1-4405, [Rz]p 31-24, iodine addition 45-5%. 

The acid (C) (7 g.) was then partially esterified for a shorter time 
(2} hours) and yielded 7 g. of ester and 0-5 g. of acid. The acid 
(C’) had b. p. 108°/15 mm., nif* 1-4407, and iodine addition 37%. 
It readily solidified in a freezing mixture and was obviously mainly 
By-acid. The ester (c) had b. p. 67°/15 mm., dP 0-8983, niv 





2162 ECCOTT AND LINSTEAD : 


1-4272, [R;]p 40-60, and may be taken to be the pure ®y-compound 
for its properties are almost exactly those of (b). On hydrolysis (c) 
gave 4g. of an acid (D). This had b. p. 105°/13 mm., dj? 0-9626, 
nif 1-4397, [Rz]p 31-23, iodine addition 46-7%, and is taken to be 
the pure Py-acid. 

Af-n-Hexenoic acid (Found : C, 63-3; H, 8-8. CgH,)0, requires 
C, 63-1; H, 8-9%) forms colourless plates, m. p. 4—5°. A mixture 
with equal parts of the «f-acid does not solidify in a freezing 
mixture. The liquid acid has a smell of the general unsaturated 
acid type but less unpleasant than that of the yd-isomeride. 4 G. 
of the acid were oxidised by the method previously used for hydro- 
sorbic acid. 3-0 G. of total oxidation products were isolated in 
which propionic acid (p-toluidide) and oxalic acid (m. p. 102°, 
titration) were identified as before (Goldberg and Linstead, loc. cit.). 
No trace of succinic acid could be detected. 

The acid chloride was obtained in 90% yield by use of thionyl 
chloride, and from this the anilide and p-toluidide were prepared 
in the usual manner. The anilide forms felted needles from light 
petroleum, m. p. 75° (Found: N, 7-5. ©,,H,;ON requires N, 
7-4%). The p-toluidide crystallises from benzene and petroleum 
ether in needle clusters, m. p. 95° (Found: C, 76-7; H, 8-3. 
C,,H,,ON requires C, 76-8; H, 8-4%). 

Reference curve. A®-Hexenoic acid has given the least satis- 
factory results by the iodine method of any unsaturated acid yet 
examined. The same sample of the acid may give iodine additions 
varying by 2% (or even more in one or two cases). It has not been 
possible to correlate this with any variation in the experimental 
procedure, and it is certainly not due to impurity in the acid. It 
seems probable that the variable results are due to an unusual 
instability of the iodo-lactone which is the product of the action 
of iodine on the fy-acid. The figures given below for synthetic 
mixtures, although concordant among themselves, are therefore 
subject to an error of about + 2%. That they are reasonably 
correct is suggested by the close agreement between them and those 
for similar mixtures of the n-pentenoic acids which are added for 
comparison (Goldberg and Linstead, loc. cit.) : 


% af-Acid in mixture 80 75 66-7 50 
Todine ad-fn-Hexenoic acids 0-8 12-4 15-3 19-4 27-2 
dition to\n-Pentenoic acids 4°4 13-7 — 19-8 26-6 


% aB-Acid in mixture 20 10 0 (By-) 
Iodine ad-fn-Hexenoic acids 34-2 40-0 43-8 46-7 
dition to\n-Pentenoic acids 34-8 41-4 _— 46:8 
Equilibration. The fy-acid (4-5 g.) was equilibrated with 
10 equivs. of 30% caustic potash at 100° in a copper flask fitted 
with a reflux condenser, the heat being regulated by means of a salt 
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bath. The equilibrated acid was isolated (3-5 g.) in the usual way 
(Goldberg and Linstead, loc. cit.). The product had di}? 0-9483, 
ni’ 1-4442, [R;]p 31-81, iodine addition 17-04% (equivalent to 
71% «B-acid). 1-14 G. of this were dissolved in bicarbonate solution 
and treated with 24 c.c. of a solution of iodine (25 g.) and potassium 
iodide (40 g.) in water (125 c.c.) (Linstead and May, loc. cit., p. 2573). 
After two hours, an excess of saturated sodium carbonate solution 
was added and the unchanged acid and iodolactone were separated 
in the usual manner. The acid fraction yielded 0-80 g. of «f-acid 
(m. p. 32°, mixed m. p.) and the neutral fraction gave 0-47 g. of 
the liquid £-iodo-y-lactone corresponding with 0-223 g. of By-acid 
(compare Bougault, Ann. Chim. Phys., 1908, 14, 167). The solid 
«8-acid was also isolated from the equilibrated material by a partial 
esterification experiment. 

8-Form of Av-n-Hexenoic Acid.—Crotyl alcohol (V) (Charon, 
Ann. Chim. Phys., 1899, 17, 215) was converted by the method of 
Hibbert and Birt (J. Amer. Chem. Soc., 1928, 50, 1413) into the 
bromide (VI), b. p. 101—105°/760 mm.; yield 25 g. from 400 g. of 
crotonaldehyde. 

Sodium (4:3 g.) was dissolved in 100 c.c. of alcohol which had 
previously been boiled under reflux with ,4,th of its weight of sodium 
and redistilled. To the cold solution, 30 g. of redistilled ethyl 
malonate were added and then crotyl bromide (25 g.) drop by drop. 
The mixture was heated on the steam-bath until neutral to litmus, 
the alcohol was allowed to evaporate, and the solution diluted with 
water and extracted thoroughly with ether. The ethereal solution 
was dried over calcium chloride and the residue after removal of 
the solvent was fractionated under reduced pressure. Lthyl 
A’-butenylmalonate was thus obtained as a colourless, almost 
odourless liquid (18 g.), b. p. 132°/20 mm., d?" 0-9953, nf” 1-4372, 
[Rr]p 56-35 (cale., 55-93) (Found: C, 62:0; H, 8-2. C,,H,,0, 
requires C, 61-7; H, 8-5%). 

The ester (16 g.) was added slowly to a solution of 32 g. of caustic 
potash in its own weight of water, left over-night, and finally warmed 
for } hour on the steam-bath. After removal of the neutral portion 
with ether, the alkaline liquid was acidified and extracted 
thoroughly with ether. The aqueous portion was considerably 
evaporated and again extracted. The united extracts were dried 
and freed from the bulk of the ether under a column. The residue 
was left in a vacuum desiccator and gradually solidified to a hard 
white cake (11 g.), m. p. (crude) 112°. A&%-Butenylmalonic acid 
forms needles from benzene, m. p. 115° (Found: C, 53-4; H, 6-5. 
C,H,)0, requires C, 53-1; H, 6-4%). 

The malonic acid (11 g.) was heated in a glycerol-bath at 140° 
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under atmospheric pressure until evolution of carbon dioxide had 
almost ceased, and the resulting acid was then twice distilled under 
reduced pressure. The $-form of Av-n-hexenoic acid (6 g.), b. p. 
111—112°/20 mm., thus obtained (Found: C, 63-1; H, 9-0. 
C,H,,0, requires C, 63-1; H, 8-9%) is a colourless liquid with a 
strong unpleasant smell, resembling that of ‘‘ hydrosorbic acid”; 
it has dj?” 0-9584, nif” 1-4367, [Rz]p 31-17, and does not solidify 
in a freezing mixture either alone or when seeded with the «-acid. 
The iodine addition is 91-4%. 

The oxidation products were prepared and separated in the 
manner previously used, acetic acid (usual tests) and succinic acid 
(m. p. 186°, mixed m. p., titration) being identified. 

The cadmium salt, prepared by Fichter’s method (loc. cit.) 
crystallised immediately in glistening white plates. The acid 
chloride, b. p. 55—57°/20 mm., yielded the anilide which crystallised 
from light petroleum in felted needles, m. p. 87° (Found: C, 75-9; 
H, 83. C,.H,,ON requires C, 76-2; H, 8-0%), and also the 
p-toluidide, crystallising from the same solvent in glistening plates, 
m. p. 103° (Found: C, 76-6; H, 8-7. Calc. for C,,H,,ON: C, 
- 76-8; H, 8-4%). 

The acid (2-5 g.) was heated for 24 hours with 12-3 g. of caustic 
potash in 40 c.c. of water. The product was worked up in the 
usual way and gave 2 g. of an acid, b. p. 115°/17 mm., d? 0-9599, 
n®’ 1-4364, iodine addition 93-9°%, which was therefore the unchanged 
6-form. The p-toluidide melted at 103° and did not depress the 
m. p. of the derivative prepared from the pure acid. 

The «-form of Ay-n-hexenoic acid was prepared in 12% yield by 
Fichter’s method (loc. cit.) from «-acetylglutaric ester (Perkin and 
Simonsen, J., 1907, 91, 1740). It had b. p. 106—108°/8 mm., 
dii® 0-9715, ni¥* 1-4413, [R,]p 31-13. It solidified immediately 
in a freezing mixture and melted at 0° (Found: C, 63-1; H, 9-0. 
Cale.: C, 63-1; H, 8-9%). The iodine addition was 80-1%. 

The acid chloride boiled at 48—50°/7 mm., and yielded an anilide, 
m. p. 88°, and a p-toluidide, m. p. 103°, which did not depress the 
m.p.’s of the corresponding derivatives previously obtained from 
the «-form. The cadmium salt had the identical crystalline form. 
Mixtures of the anilide and p-toluidide of ‘‘ hydrosorbic acid ” 
(Goldberg and Linstead, loc. cit.) with approximately equal weights 
of the corresponding derivatives of the pure Py- and y8-acids melted 
as follows : 


Mixture. 
Hydrosorbic anilide (55°) + By-anilide (76°) 
” ” + yd-anilide (86—87°) 
Hydrosorbic p-toluidide (74°) + By-p-toluidide (96°) 
+ yb-p-toluidide (103°) 
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CCLXXVIII.—Piperitone. Part X. The Synthesis of 
Certain Menthadienes, Menthenes, and Menthanols. 


By Jonn Reap and ANDREW JAMES WATTERS. 


PREVIOUS investigations on piperitone have been concerned chiefly 
with the diagnosis and characterisation of the ketone and the study 
of its reduction and oxidation (this vol., p. 2068, etc.), the only 
published reference to any synthetical application being contained 
in the work of Jupp, Kon, and Lockton (J., 1928, 1638) on the 
condensation of piperitone with ethyl acetoacetate. In entering 
upon a consideration of the possibilities of piperitone (I) as a 
synthetic agent, we show below that it reacts readily with Grignard 
reagents to yield 3-substituted homologues (III) of «-terpinene - 
directly, no intermediate A!-menthenols (II) being isolable : 


(L) PrCHCGG2 gp>CMe Pr CH<EH20 eS cMe (IL) 


O—CH R(OH)-CH. 
Pré-C. HCH >CMe (III.) 


Simonsen (Indian Forest Records, 1924, 10, viii) has shown that 
d-piperitol is converted to «-terpinene when heated with magnesium 
methyl iodide, and the dehydration would appear to occur still more 
readily with the above homologues (II) of piperitol, owing to the 
influence of the radical attached to the carbon atom carrying the 
hydroxyl group. In all these instances, the elimination of hydroxyl 
is probably facilitated by the presence of a double bond in the 
x8-position. In accordance with the general conclusions of Kohler 
(Amer. Chem. J., 1905, 33, 153, 333; 1906, 34, 132), the double bond 
in the molecule of piperitone is unaffected by Grignard reagents. 

The constitution of the hydrocarbons synthesised from piperitone 
in this way is indicated by their physical properties and confirmed 
by the formation of w-dimethylacetonylacetone, 

COMe-[CH,],*CO-CHMe,, 
as a result of their oxidation with permanganate. These sub- 
stituted terpinenes (III) are symmetric, and thus the faint dextro- 
rotation shown by specimens of the four members of the series which 
have been synthesised from dl-piperitone indicates that reaction 
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occurs also between Grignard reagents and the levorotatory 
impurity which is usually present in small amount in Eucalyptus 
piperitone (J., 1922, 121, 1865); when /-piperitone is used in the 
reactions, the faint dextrorotation is masked by the presence of 
l-a-phellandrene or other levorotatory impurities. These observ. 
ations strengthen the conjecture that Hucalyptus piperitone may 
contain a small admixture of another ketone (or possibly aldehyde) 
which is not easily racemised. 

The action upon /-menthone of magnesium methyl iodide has 
been examined by Wanin (J. Russ. Phys. Chem. Soc., 1911, 43, 
353; 1912, 44, 1068) and also by Zelinski (Ber., 1901, 34, 2882); 
further, Murat (J. Pharm. Chim., 1911, [viii], 4, 294) applied mag- 
nesium phenyl bromide to the same ketone. We now show that 
both J-menthone and d-isomenthone react in general with Grignard 
reagents to form 3-substituted methan-3-ols (IV), and that these 
tertiary alcohols readily undergo dehydration when heated with 
anhydrous oxalic acid, yielding 3-substituted A®- or A*-menthenes, 
(V) or (VI): 


oa — H,CH, 
(IV.) Pr-CH<GR OH). ‘cH>>CHMe PreCH on? gtd >CHMe (V) 


H,-CH 
Pr-O GH >CHMe (VL) 


The results now recorded are not altogether in keeping with previous 
observations : according to Wanin (loc. cit.), for example, l-menthone 
passes directly to 3-ethylmenthene when treated with magnesium 
ethyl iodide. There is no doubt, however, that upon saturating the 
«8-ethylenic linking of piperitone the difficulty of isolating the 
intermediate tertiary alcohols disappears. 

The alcohols (IV) are probably stereochemically heterogeneous, 
because they are formed by partial asymmetric synthesis from 
equilibrium mixtures of /-menthone and d-isomenthone. The pro- 
ducts from the latter, in particular, may well consist of mixtures of 
the four possible stereoisomerides. It is seen from the appended 
table that the sense of rotation of the parent ketone tends to be 
preserved in the derived alcohols. The molecular exaltation of the 
alcohols is greater in the iso-series, and is much more pronounced in 
the 3-phenyl-menthanols, -menthene, and -menthadiene than in the 
corresponding alkyl derivatives. 

' In any particular instance, all four stereoisomeric menthanols 
should yield the same 3-substituted menthene only if dehydration 
occurs exclusively in the A%-position, thereby eliminating the 
asymmetry of carbon atoms (3) and (4): in such circumstances, 
therefore, J-menthone and d-isomenthone should give rise t0 
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identical hydrocarbons. In all the instances examined, the physical 
constants of corresponding menthenes from the two sources are in 
close agreement, except that the preparations from /-menthone 
exhibit considerably higher optical rotations than the others : 


[a]lp of substituted [a]p of substituted 
menthanol : menthene : 
Ex Ex d-iso- Ex Ex d-iso- 
Substituent. l-menthone. menthone. l-menthone. menthone. 
— 65° +27-0° + 62-8° +17-9° 
+ 1-5 +22-0 +39-2 + 68 
* —s +35-9 po 
+ 0-4 +43°5 +163 


It was sought to avoid partial racemisation, such as occurs when 
menthol is dehydrated directly, by applying Tschugaev’s xanthic 
ester method (compare J., 1926, 2217); unfortunately, however, the 
3-homologues of menthol reacted so sluggishly with sodium that the 
method could not be used, and it is thus in doubt whether the 
observed differences in the rotatory powers of the hydrocarbons may 
be attributed wholly to different degrees of racemisation of 
A’-derivatives. 

In no case was any action observed to occur between magnesium 
isopropyl iodide and piperitone or menthones, possibly owing to 
steric hindrance. Piperitone failed also to react with bromoacetic 
ester and zinc, thus rendering nugatory a proposed alternative 
synthesis of 3-methyl-«-terpinene from the anticipated piperitol- 
acetic ester. Since /-menthone responds readily to this reagent 
(Annalen, 1902, 323, 151), it is apparent that the reactivity of 
the keto-group may be impaired or inhibited by an «$-ethylenic 
linking. 

It has recently been shown by Tschelinzev and Nasarov (Bull. 
Soc. chim., 1927, 41, 806) that certain ketones form crystalline 
additive products with specially prepared anhydrous magnesium 
bromide. The products yielded by /-piperitone and d-isomenthone 
were gummy, but /-menthone gave a crystalline derivative, 
2C,)H,,0,MgBr,, similar in composition to the camphor derivative 
described by the above authors. Upon recovering the ketones by 
the addition of water, d-isomenthone was found to be partly 
“inverted,” whilst piperitone had undergone complete racemisation. 
This striking result indicates that the symmetric enol-form of 
piperitone is concerned in the formation of the derivative, and that 
Tschelinzev and Nasarov’s “‘ oxonium ”’ formula (VII) should be 
replaced by an “‘ enol ” formula, such as (VIII) : 


(VIL) CR-O-Mg-0:CR CR’O 0-CR’ (VIII.) 
H H 


Br Br 
4D 
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The results of the study of the additive reactions of piperitone 
with Grignard reagents and magnesium bromide rendered it of 
interest to investigate the action upon the ketone of alcoholic 
potassium cyanide. With pulegone, as shown by Lapworth (J., 
1906, 89, 1869), this reagent yields a product, C,,H,,ON, which is 
not the simple additive compound, cyanodihydropulegone, but a 
bicyclic anhydramide (IX). With piperitone, the reaction appears 
to follow a precisely similar course, yielding an exceedingly stable 
compound (X), from which it has not been found possible to 
eliminate the nitrogen by any simple means : 










CH,*CH ay_-CHeCH 
pron Mey-C GH?>CHMe =P? CH< oof > es 


CO—NH NH————CO 

















In conclusion, it is of interest to note that the unsaturated hydro- 
carbons described in this paper would pass by hydrogenation into 
3-substituted menthanes. Evidence is forthcoming also which 
indicates that isomeric series of menthanols, menthenes, and 
menthadienes may be prepared by applying the methods reviewed 
above to tetrahydrocarvone, pulegone, and other alicyclic ketones, 
and the investigation is being continued in these directions. 












ExPERIMENTAL. 


The Application of Grignard Reagents to Piperitone.—The 
dl-piperitone used in these experiments was extracted from the 
essential oil of Hucalyptus dives with normal sodium sulphite (J. Soc. 
Chem. Ind., 1923, 42, 3397), racemisation being brought about by 
maintaining the product at 200° for 3 hours (J., 1923, 123, 2267). 
dl-Piperitone isolated in this way contains small amounts of a 
levorotatory impurity (J., 1922, 121, 1865). /-Piperitone was 
extracted from the same oil by fractional distillation under 
diminished pressure; it had [«]|/ —49-1°, and probably contained 
l-x-phellandrene. 

1. To an ice-cooled solution of a Grignard reagent, prepared from 
magnesium (3 g.), methyl iodide (19 g.), and ether (120 c.c.), was 
added gradually dl-piperitone (19 g., 1 mol.) dissolved in an equal 
volume of dry ether. The mixture was kept over-night at the 
ordinary temperature and then worked up in the usual way. After 
three successive fractional distillations under diminished pressure, 
the mixed product from several experiments yielded a main fraction 
distilling at 81—82°/15 mm. The colourless liquid obtained in 
this way gave the following physical and analytical data charac- 
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teristic of 3-methyl-A1*3-menthadiene: b. p. 184—186°/737 mm.; 
d2" 0-8585; n®° 1-4845; [R,Jp 49-97 (Calc. for C,,H,,,2|=, 49-54). 
(Found: C, 86-7; H, 12-1. C,,H,, requires C, 88-0; H, 12-0%). 
It displayed a faint optical activity, the observed value of «}* in a 
1-dem. tube * being + 0-04°. 

It was not found possible to prepare a crystalline nitrosite or 
nitrosochloride from the substance. In the initial experiments the 
yield was low, but by using 2 mols. of the Grignard reagent about 
60% of the calculated amount of the hydrocarbon was isolated ; 
heating appeared to be unnecessary in applying the reagent. In 
certain experiments the procedure was reversed by adding the 
Grignard reagent to the ketone, but in no instance could the 
formation of an alcohol be established. 

The hydrocarbon (7 g.) was oxidised by shaking it for an hour with 
a mixture of water (400 c.c.), ice (400 g.), potassium hydroxide (14 g.), 
and potassium permanganate (33 g.). Unchanged hydrocarbon was 
removed by steam-distillation, and the filtrate and washings from 
the manganese dioxide were evaporated to dryness on the water- 
bath with passage of a current of carbon dioxide. When extracted 
with boiling alcohol, the powdered residue yielded a dark red syrup, 
the aqueous solution of which was (i) extracted with ethyl acetate, 
(ii) acidified with dilute sulphuric acid, and (iii) extracted with ether. 
The viscid acid extract had an equivalent value of 187. It was 
dissolved in water (3-75 g. in 100c.c.) and treated gradually at 60—70° 
with a solution of potassium permanganate (2-25 g.) in water (60 c.c.) 
containing sulphuric acid (2-25 g.). The steam distillate from the 
product, when saturated with salt and extracted with ether, gave 
an oil (0-45 g.) having nj$° 1-4290. The oil yielded an oxime, m. p. 
127—128°, and reacted with semicarbazide to form a derivative, 
m. p. 202—203° (Found: C, 59-0; H, 81; N, 22-7. Calc. for 
CyH,;,ON,: C, 59-6; H, 8-3; N, 23-2%). The oxime became 
gummy when kept, and was not analysed. w-Dimethylacetonyl- 
acetone has nj*° 1-4305, and yields a semicarbazone (pyrrole deriv- 
ative), m. p. 201—202° (Wallach, Annalen, 1908, 362, 263). 

The hydrocarbon obtained by the interaction of J-piperitone and 
magnesium methyl iodide had b. p. 73-5—74-5°/9 mm., njj" 1-4865, 
ai” — §-39°. 

2. 3-Hthyl-Al‘3-menthadiene. The method outlined above was 
applied, the following amounts of reactants being used: 38 g. (0-5 
mol.) of dl-piperitone, 12 g. of magnesium, and 80 g. of ethyl iodide. 
After repeated fractional distillation under diminished pressure, a 
product (20-3 g.) was isolated having b. p. 83—85°/15 mm., 199— 

* All the values of ap quoted in this paper refer to a 1-dem. tube. 
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202°/737 mm.; d? 0-8631; mn? 1-4854; [R,]) 54-47 (Calc. for 
CyoHo,2|-, 54:10). A slight optical activity was again manifest, 
ais + 0-07°. J-Piperitone yielded a practically identical product, 
except that it possessed a decided levorotation, «jf — 3-31°. 

3. 3-n-Propyl-A1*3-menthadiene. From 34 g. (05 mol.) of 
dl-piperitone, 14-8 g. of magnesium and 96 g. of n-propyl iodide, 
18-7 g. of the hydrocarbon were obtained, with b. p. 104—106°/14 
mm.; d2 0-8872; n# 1-4865; [R,]p 57-70; «i + 0-12° (Cale. for 
C33H49,2|", 58-66). 

4. 3-Phenyl-A1:3-menthadiene. The following quantities were 
used : 38 g. of dl-piperitone (0-5 mol.), 12 g. of magnesium, and 80 g. 
of bromobenzene. The hydrocarbon isolated in the usual way had 
b. p. 145—148°/15 mm.; d? 0-9552; n# 1-5525; [R,]p 70-96 (Calc. 
for C,gH55,5|-, 69-07) (Found: C, 89-6; H, 9-2. C,gH,, requires 
C, 90-6; H, 9-4%). 

The Application of Grignard Reagents to \|-Menthone.—The 
l-menthone used in the following syntheses was prepared by oxidising 
l-menthol with chromic acid (Annalen, 1889, 250, 335) and had 
b. p. 92—94°/15 mm., aj’ — 25-65°. - 

1. 3-Methylmenthan-3-ol. The following quantities were used : 
30 g. of /-menthone, 7 g. of magnesium, 41-4. of methyliodide. The 
magnesium methyl iodide was applied to the ketone as described 
above. On distilling the product under diminished pressure, a clear 
oil (24-3 g.) with a mint-like odour was obtained, having b. p. 101— 
102°/17 mm.; «jf — 6-47°; d? 0-8964; nz 1-4605; [R,]p 51-98 
(Cale. for C,,H,,-OH, 51-78). The 3-methylmenthan-3-ol obtained 
by Wanin (loc. cit.) had b. p. 102—103°/16 mm., d¥: 0-9143, dz" 
0-8980; Zelinski (loc. cit.) used menthone having «, + 0° 40’ in a 
0-25-dem. tube, and obtained an alcohol with b. p: 100°/20 mm., 
d 0-8952, [«]p + 12° 22’. 

When heated with twice its weight of anhydrous oxalic acid at 
140° for 5 hours, 3-methylmenthan-3-ol yielded a 3-methylmenthene, 
b. p. 180—182°/763 mm., «jj +62-80°, n®° 1-4585. When the 
dehydration was accomplished by heating the alcohol at 130° for 
3 hours with twice its weight of potassium bisulphate, the product 
had b. p. 184—186°/767 mm., «i* + 41-06°, n% 1-4600. Very 
similar values were recorded by Wanin and Zelinski (loc. cit.) for 
specimens of 3-methyl-A?- or -A°-menthene. 

2. 3-Ethylmenthan-3-ol. By using 30 g. of /-menthone, 7 g. of 
magnesium and 46-5 g. of ethyl iodide, 24-2 g. of the alcohol were 
obtained; it had a heavy, mint-like odour, and the following 
physical constants were determined: b. p. 112—113°/16 mm., 
217—219°/759 mm.; «jf + 1-54°; d® 0-8992; nF 1-4650; [Rz)o 
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56:58 (Calc. for C,,H,,°OH, 56-36). (Found: C, 78-0; H, 13-3. 
C2H.,O requires C, 78-3; H, 13-0%). 3-Ethylmenthene, prepared 
by heating the alcohol at 160° for 4 hours with twice its weight of 
anhydrous oxalic acid, had b. p. 90—92°/21 mm.; aif" + 39-18°; 
d= 0-8302; nif 1-4614; [Rz]p 54-91 (Cale. for C,,H5,1|-, 54-46). 

3. 3-n-Propylmenthan-3-ol. The following quantities were used : 
30 g. of l-menthone, 7 g. of magnesium, 50-8 g. of n-propyl iodide ; 
the resulting alcohol (12-8 g.) distilled at 123—125°/16 mm., and had 
ay —O-68°; d® 0-8957; mn® 1-4664; [FR], 61-32 (Calc. for 
C,3H,;"OH, 60-91). 3-n-Propylmenthene, prepared by heating the 
alcohol with twice its weight of anhydrous oxalic acid at 150° for 
4 hours, had b. p. 100—103°/18 mm.; «j§ + 35-90°; dz? 0-8348; 
ni 1-4605; [BR z]p 59-10 (Cale. for C,3H,,,1|-, 59-03). 

4. 3-Phenylmenthan-3-ol. From 30 g. of l-menthone, 7 g. of 
magnesium and 47 g. of bromobenzene, 18 g. of the alcohol were 
obtained; it had b. p. 170—172°/18 mm.; aij’ — 22-87°; d? 
09872; nz 1-5265; [R,]p 72-14 (Cale. for C,,H,,°OH,3|-, 71-33). 
3-Phenylmenthene, prepared by heating the alcohol with twice its 
weight of anhydrous oxalic acid at 150° for 4 hours, had b. p. 149— 
151°/18 mm.; aj + 43-48°; di 0-9365; n# 15275; [Rz]p 
70-26 (Cale. for CygH59,4\-, 69-45) (Found: OC, 89-2; H, 10-1. 
Cale. for C,,H,.: C, 89-7; H, 10-3%). The optical rotatory powers 
of these two products are substantially higher than the values given 
by Murat (loc. cit.). 

The Application of Grignard Reagents to d-isoMenthone.—d-iso- 
Menthone was prepared by the catalytic hydrogenation of 
l-piperitone by means of colloidal palladium (J., 1923, 123, 2921). 
It had b. p. 97—99°/18 mm., [«]if + 69-90°, nif’ 1-4566. The 
proportions of the reactants were the same as those used in the 
corresponding syntheses starting from /-menthone, and the analogous 
operations were conducted as indicated in the preceding section. 

3-Methylisomenthan-3-ol had b. p. 105—106°/20 mm.; aj 
+26-95°; dz 0-8959; nif 1-4658, n¥° 1-4640; [Rz]p 52-33 (Calc. 
for C,,H,,-OH, 51-78). The derived 3-methylmenthene had b. p. 
68—74°/10 mm.; aff’ +17-86; di? 0-8550; nj 1-4578. 

3-Ethylisomenthan-3-ol had b. p. 105—106°/10 mm.; aj 
+ 22-04°; d2° 0-8985; n° 1-4648; [R,], 56-58 (Calc. for C,,H,,°OH, 
56-36). The derived 3-ethylmenthene had b. p. 73—75°/10 mm. ; 
ay + 6-79°; nB 1-4610, 

3-Phenylisomenthan-3-ol had b. p. 150—152°/9 mm.; 
+0-44°; d% 0-9812; n° 1-5265; [R,], 72-57 (Cale. for 
C,,H.,*OH,3|=, 71-33). The derived 3-phenylmenthene had b. p. 
127—130°/8 mm.; aij’ + 16-28°; nz 1-5270. 





2172 READ AND WATTERS: PIPERITONE. PART X. 


The Action of Magnesium Bromide on Piperitone and Menthones — 
The magnesium bromide used in these experiments was prepared 
by the gradual addition of dry bromine (63 g.) to dry magnesium 
powder (10 g.) in dry ether (100 c.c.); the thick oily product 
obtained by warming the mixture on the water-bath contained 55— 
58% of ether, i.e., about 3 mols. of ether per mol. of magnesium 
bromide. 

When the specially prepared magnesium bromide was added in 
excess to /-piperitone ([«]if — 49-20°) dissolved in light petroleum, 
a thick gummy product was formed; this could not be induced to 
erystallise, and when decomposed with water it yielded dl-piperitone 
[aj — 0-06°). 

The similar gummy product furnished by d-isomenthone (([«|i* 
+ 69-90°) gave a partly “inverted ” d-isomenthone ([«]}f’ + 35-11°) 
when decomposed with water. 

l-Menthone ([«]ij° —25-65°) gave a crystalline compound when 
treated similarly; this was recrystallised from dry ethyl acetate 
(Found, by titration: Br, 46-5. 2C,,H,,0,MgBr, requires Br, 
47-1%). é 

The Action of Alcoholic Potassium Cyanide on |-Piperitone.— 
l-Piperitone (15 g.) in 96% alcohol (25 c.c.) was mixed with a solution 
of potassium cyanide (8-3 g.) in water (10 c.c.) and heated under 
reflux on the water-bath. After 30 minutes, ethyl acetate (9 g.) 
was introduced beneath the surface of the liquid, and the boiling 
was continued for 2 hours. The oil (14 g.) obtained upon pouring 
the product into water distilled at 151—153°/13 mm., and had d? 
0-9720, n° 1-4680, [R,]p 51-24 (Cale. for C,,H,,ON,1/°, 52-24) 
(Found: C, 74:2; H, 9-7; N, 7-4. ©,,H,,ON requires C, 73-8; 
H, 9-5; N, 7-8%). This substance (X) was optically inactive; it 
was stable towards hot acid and alkali, and gave no oxime or 
semicarbazone. 
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CCLXXIX.—On the Modifications of Galactose. 


By Cuaus Nissen Riper, Joser Mrnsaas, and RatPa TAMBs 
LYCHE. 


Ir has recently been shown by two of us (Ber., 1926, 59, 2266) that 
the volume of an aqueous solution of the ordinary form of galactose 
(known as «-galactose) alters with time according to a law which 
requires for its expression an equation containing two exponenitial 
terms. Hence, we concluded that in such a solution more than two 
modifications of the sugar must be present. In order to simplify the 
hypothesis for the purpose of calculation, we suggested that an 
intermediate substance B appeared in the aqueous solution of 
galactose in addition to the two known modifications, designated 
respectively «-galactose (A) and 8-galactose (C) : 


ky ks 
AZBZ2C 
ky hy 
By means of our measurements of the alterations in volume, which 
take place respectively after «-galactose and $-galactose have been 
dissolved in water, we calculated the values of the four velocity 
coefficients k,, ky, kz, and k,, and found 


k, = 0-042777 x log, 10 ks = 0-006993 x log, 10 
k, = 0-010333 x log, 10 ky = 0-002897 x log, 10. 


From these figures we calculated the proportions of the three modi- 
fications in the equilibrium mixture to be A 6-61%, B 27-35%, and 
C 66-04%. 

By means of the above values of the velocity coefficients, the 
volumes of the solutions of (a) «-galactose and (b) $-galactose were 
calculated for definite times after dissolution of the sugars had 
taken place, and good agreement with the observed values was 
obtained, as shown by the curves marked I in Figs. 1 and 2. 

Furthermore, we used the same values of the velocity coefficients 
in calculating the alteration of the specific rotations of these sugars, 
and in this case also we arrived at figures which, within the limits 
of experimental error, agreed with the observed figures. It ought, 
however, to be noticed that we intentionally took no observations 
of the polarimetric angle until 10 minutes after dissolution of the 
sugar, since experiments show that observations taken earlier are 
untrustworthy for several reasons (e.g., imperfect heat transference, 
evolution of heat, rapid alteration of the polarimetric angle). Not- 
withstanding this, Smith and Lowry (J., 1928, 666; see also Ver- 
schuur, Rec. trav. chim., 1928, 47, 445) have recorded’measurements 

4E 
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of the change of the polarimetric angle taken in the interval between 
2 and 10 minutes after solution had taken place, and accordingly their 
derived velocity coefficients suffer from a considerable amount of 
uncertainty. For this reason, their values for the velocity coeffi- 


Volumes of aqueous solutions of a-galactose (Fig. 1) and B-galactose (Fig. 2). 
Fie. 1. 
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Curves I are based on Riiber and Minsaas’s velocity coefficients (Ber., 1926, 59, 
2272, 2273). 
Curves LI are based on Smith and Lowry’s velocity coefficients. 


cients would be expected to differ to a certain extent from ours, but 
the actual differences are far too big to be explained inthis way. The 
values of the velocity coefficients calculated from these measure- 
ments according to the same scheme of reaction are, as a matter ol 
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fact, entirely different from those which we obtained from the change 
in volume, for Smith and Lowry found (their k, being our /, and 
vice versa) 


k, = 0-00899 x log, 10 ks = 0-03422 x log, 10 
ky = 0:02145 x log, 10 k, = 0-00691 x log, 10. 


By means of these values they calculated also the quantities of the 
modifications A, B, and C which should be present in the equilibrium 
mixture, and found A 28-5%, B 12-0%, and C 59-5%. 

We have repeated Smith and Lowry’s polarimetric experiments 
with «- and $-galactose and have obtained very similar results. 

From their velocity coefficients, these authors calculate the 
alteration of the polarimetric angle, and, as may be expected, the 
calculated values agree with the observed values from which they 
are derived. When their velocity coefficients are used in the case of 
the alteration of the volume, curves are found which deviate con- 
siderably from the observed values, as will be apparent from the 
curves marked II in Figs. 1 and 2. On the other hand, the polari- 
metric angles calculated from our velocity coefficients, which are 
derived from the volumes, show much smaller deviations from the 
calculated values, and it is only within the interval 0—10 minutes 
that the deviations exceed the limits of experimental error (see the 
curves in Figs. 3 and 4). 

The main result of Smith and Lowry’s experiments as compared 
with our own is, therefore, that quite different values of the velocity 
coefficients are derivable from the mutarotation and from the 
alterations in volume. Both methods have the same justification, 
the supposition being that in the one case the optical rotation, and 
in the other the solution volume, is an additive property. An 
experimental investigation which we have carried out confirms this 
supposition, as it shows that the two physical properties mentioned 
are very nearly additive. In both methods the same scheme of 
reaction was used as a basis for calculation. 

Since the application of these two methods has resulted in the 
ascription of quite different vaiues to the velocity coefficients, 
the reason can only be that the basis of calculation, viz., that the 
reaction between the modifications takes place according to the scheme 
AZ BZ OC, is not in accordance with fact. 

Although the two methods do not agree as far as the individual 
velocity coefficients are concerned, yet there is in one respect a 
remarkable agreement between them. The alteration in polari- 
metric angle and in volume undergone by solutions of «- and 
$-galactose in the course of ¢ minutes after dissolution may be 
expressed, within the limits of experimental error, by the following 
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equation, where L, M,r, and r, are constants and r, and rz have in 
all cases practically the same values : 


A = Le-t' + Me-", 


Thus, from the optical rotation for «- and $-galactose, we found 
r, = 0-0083 x log, 10, r, = 0-060 x log, 10, and Smith and Lowry 
found r, = 0-00817 x log, 10, rz = 0-0634 x log, 10; whereas from 


Mutarotation of a-galactose (Fig. 3) and B-galactose (Fig. 4)—previous experi- 
menis (see Ber., 1926, 59, 2278, 2279) together with new values for the interval 
2—10 mins. 
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The curves are based on Riiber and Minsaas’s velocity coefficients. 


the alterations in volume we found r, = 0-00829 x log, 10, r,= 
0-0547 x log, 10. 

Considering that even traces of impurities influence the values of 
these exponents, one is justified in presuming that in the case of pure 
substances dissolved in pure water the exponents r, and r, would be 
exactly the same both for mutarotation and for volume change. 

When the question is treated mathematically (see Tambs Lyche, 
Kgl. Norske Vid. Selskabs Skrifter, 1928, No.7), it appears that such 
a case might arise if we had three modifications reacting with one 
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—> 
another in accordance with the scheme Mot » in which the 


possibility of direct reaction between A and C is postulated. On the 
other hand, the scheme of reaction 

A> <B 

X 

1 *Y 

tr xf 

Cc <p 
with four modifications will require changes of the properties in 
question which can be expressed by equations of either of the 
following forms : 

A = Le-"! + Me-* o Ne-*, 

or A = Le" + Me-™ cos (rt + 8), 


where L, M, N, 74, 79, 7g, 7, and 8 are constants and r, 7,, 72, and 7, are 
independent of the particular property in question. 

It is then evident that if, for instance, the value of r, lies close to 
r>, it will, on account of the uncertainty associated with the deter- 
mination of these figures, be impossible to decide whether two or 
three exponential terms should be used, 7.e., whether three or four 
modifications are present. This might also be the case when N is 
comparatively small or r,; very large. Also the last equation might 
be imagined to agree with the facts if, for instance, r was very small. 
Hence, the presence of a fourth modification will be concealed by the 
experimental errors if (1) its quantity is small, (2) its physical 
properties lie close to those of one of the other modifications, or 
(3) the velocity coefficients have such values as to cause any of the 
foregoing contingencies in the r-terms. Much more delicate 
experimental methods would be necessary to decide whether a 
fourth modification is actually present. 

It is now of interest to compare the above-mentioned conclusions 
with those which can be drawn in another way. At present four 
penta-acetates of galactose are known as well-defined crystalline 
substances (Ber., 1889, 22, 2207; 1901,34, 976; J. Amer. Chem. Soc., 
1916, 38, 1223) with the specific rotations (in chloroform) + 107°, 
+.23°, —42°, and +61°, and if the five acetyl groups were replaced 
by five hydrogen atoms, four different galactoses would be obtained. 
As the four penta-acetates do not give the aldehydic reactions, the 
four galactoses cannot be real aldehydes. If it is suggested that an 
aqueous solution of galactose contains four modifications, they must 
presumably correspond in structure to the four penta-acetates. 
Three methylgalactosides are known at present, two of which were 
prepared in a crystalline state several years ago, their rotations being 
respectively +197° and0°. Moreover, Haworth (J., 1924,125, 2471) 
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equation, where L, M,r, and r, are constants and r, and rz have in 
all cases practically the same values : 


A = Le-" + Me-*!, 


Thus, from the optical rotation for «- and @-galactose, we found 
r, = 0-0083 x log, 10, rz = 0-060 x log, 10, and Smith and Lowry 
found r, = 0-00817 x log, 10, rz = 0-0634 x log, 10; whereas from 


Mutarotation of a-galactose (Fig. 3) and B-galactose (Fig. 4)—previous experi- 
menis (see Ber., 1926, 59, 2278, 2279) together with new values for the interval 
2—10 mins. 
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the alterations in volume we found r, = 0-00829 x log, 10, r,= 
0-0547 x log, 10. 

Considering that even traces of impurities influence the values of 
these exponents, one is justified in presuming that in the case of pure 
substances dissolved in pure water the exponents r, and r, would be 
exactly the same both for mutarotation and for volume change. 

When the question is treated mathematically (see Tambs Lyche, 
Kgl. Norske Vid. Selskabs Skrifter, 1928, No. 7), it appears that such 
a case might arise if we had three modifications reacting with one 
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—>- 
another in accordance with the scheme Not , in which the 


possibility of direct reaction between A and Cis postulated. On the 
other hand, the scheme of reaction 

A> <B 

\ 

4“ *4 

t 

cS xf 
with four modifications will require changes of the properties in 
question which can be expressed by equations of either of the 
following forms : 

A = Le-"! + Me-t + Ne-"', 

or A = Le-"' + Me-* cos (rt + 8), 


where L, M, N,7,, 7, 73, 7, and s are constants and r, 7, 72, and 7, are 
independent of the particular property in question. 

It is then evident that if, for instance, the value of rz lies close to 
ry, it will, on account of the uncertainty associated with the deter- 
mination of these figures, be impossible to decide whether two or 
three exponential terms should be used, ¢.e., whether three or four 
modifications are present. This might also be the case when JN is 
comparatively small or r, very large. Also the last equation might 
be imagined to agree with the facts if, for instance, r was very small. 
Hence, the presence of a fourth modification will be concealed by the 
experimental errors if (1) its quantity is small, (2) its physical 
properties lie close to those of one of the other modifications, or 
(3) the velocity coefficients have such values as to cause any of the 
foregoing contingencies in the r-terms. Much more delicate 
experimental methods would be necessary to decide whether a 
fourth modification is actually present. 

It is now of interest to compare the above-mentioned conclusions 
with those which can be drawn in another way. At present four 
penta-acetates of galactose are known as well-defined crystalline 
substances (Ber., 1889, 22, 2207; 1901,34,976; J. Amer. Chem. Soc., 
1916, 38, 1223) with the specific rotations (in chloroform) +-107°, 
+23°, —42°, and +61°, and if the five acetyl groups were replaced 
by five hydrogen atoms, four different galactoses would be obtained. 
As the four penta-acetates do not give the aldehydic reactions, the 
four galactoses cannot be real aldehydes. If it is suggested that an 
aqueous solution of galactose contains four modifications, they must 
presumably correspond in structure to the four penta-acetates. 
Three methylgalactosides are known at present, two of which were 
prepared in a crystalline state several years ago, their rotations being 
respectively +-197° and 0°. Moreover, Haworth (J., 1924, 125, 2471) 
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has isolated a strongly levorotatory form, which he supposes to be 
almost pure in spite of its being a liquid. Its specific rotation in 
methyl alcohol containing hydrogen chloride he found to be — 58-1°. 
To these three galactosides correspond three galactoses. By com- 
paring the rotatory power of these compounds, reasoning by 
analogy, the following system is derived : 


Ta. Diff. Ip. Diff. Ila. Diff. IT. 
Penta- -+-107° “ 


+ 23° +61 
acetates }—s8° }-s1° \—37 
Modific- + 145° +54° Ys +98°) 
ations } }—54 } +52 
Methyl- +197° 0°) (ca. + 150°) 
galactosides 

As will be seen, the comparison of the rotatory powers leads to tlie 
conclusion that, besides the two modifications of galactose already 
known, two more should be found with rotations of about + 98° 
and — 9°. Of the methylgalactosides, besides the two hitherto- 
known crystalline forms, two more should be found, with rotations of 
about + 150° and — 61°. The last is probably present in Haworth’s 
strongly levorotatory syrup. 

In the scheme given above it is presumed that the substances in 
the columns I« and If are related to each other in the same manner 
as a-tof-glucose. They will differ only in the way in which hydroxy! 
groups and hydrogen atoms are bound to carbon atom 1. According 
to Hudson’s rule of optical superposition, the mean value of the 
rotation should in that case be the same whether the free sugars or 
the methylgalactosides are considered. The mean rotation of the 
modifications Ix and Ig is 99° both for the free sugars and for the 
methylgalactosides; and similarly, the corresponding means for the 
substances of type Ila and IIf are 45° in each case. 

The difference between the substances in columns I and II is 
considered (in agreement with Haworth’s experiments on the 
oxidation of the methylated galactoses) to be due to the difference of 
the oxygen rings, and hence must be the same whether the free 
sugars or the methylgalactosides are considered. This is evidently 
the case, for the difference is 99° — 45° = 54° for each pair. It is 
therefore apparent that in the above system the agreement between 
the various angles of rotation is very good. It should be noted, 
however, that the values of the two unknown modifications, viz., 
+- 98° and — 9° (average -++ 45°), do not agree with Haworth’s rule 
for the direction of rotation of the aldoses (J., 1926, 2303). The 
angle of rotation of y-galactonolactone is negative (— 78°) and this is 
in agreement with Hudson’s rule for the lactones. Now Haworth* 
rule would lead one to expect that the average value of the angles 
the two modifications also shouid be negative, but according to our 


Am =: mom tt eS ee om Ft Olu Ae 


_—_ —— L . 
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scheme they are positive. The rotatory powers for the two new 
modifications (and for the two corresponding methylgalactosides *) 
in the above table are therefore given with all reserve. 

Smith and Lowry suppose that in an aqueous solution of galactose, 
in addition to the ring-containing modifications, a real aldehydic form 
is present in a not inappreciable quantity (12%). Itmay be objected, 
however, that an aqueous solution of galactose does not give the 
characteristic reactions of real aldehydes; thus Angeli’s reagent 
(Angeli and Marchetti, Atte R. Accad. Lincei, 1908, 17, ii, 362), which 
is a sensitive and characteristic test for aldehydes and oxy-aldehydes, 
gives a negative result, and Schiff’s reagent gives a red colour only 
after many hours, and even then the colour is much lighter than that 
given by the equivalent quantity of glyceraldehyde. The reai 
aldehydic form must therefore be present only in a very small 
quantity. 

The specimen of 8-galactose used by us in our previous experiments 
and in the above-mentioned control measurements was prepared in 
essentially the same way as that used by Smith and Lowry, i.e., 
by pouring a concentrated aqueous solution of galactose into well- 
cooled alcohol (Hudson and Janowsky, J. Amer. Chem. Soc., 1917, 
39, 1020), filtering off the sugar, redissolving and reprecipitating it, 
and then extracting the precipitate with 80% alcohol (yield, 2—3 g. 
from 20 g. of galactose). We have, however, endeavoured to find a 
better method, since the precipitation method would not be likely to 
yield a product free from other modifications; in fact, the floury 
preparation thus obtained is seen under the microscope to have an 
indistinct crystalline appearance, and it rapidly changes into the 
stable modification, which fact would appear to indicate the presence 
of crystal nuclei of other modifications. 

We have succeeded in finding a very simple method [Riiber, 
Kongl. Norske Videnskabers Selskab (forhandl.), 1926—28, I, No. 4] 
by means of which ordinary galactose can be quantitatively trans- 
formed into 8-galactose, namely, by evaporating at room temper- 
ature (in a vacuum over calcium chloride) an aqueous solution of 
galactose, which has been previously heated in order to destroy all 
the crystal nuclei present, and taking precautions to prevent 
extraneous nuclei from reaching the solution. In this way 6-galact- 
ose was obtained in well-developed, water-clear crystals, which 
Dr. E. Berner had the kindness to measure. The results are as 
follows: Class of symmetry: monoclinic prismatic. Axial angle : 
3 = 106° 25’. Ratio of axes: a:6:¢ = 0-827:1:0°775. Crystal- 
lises in prisms of the following forms: frequently, m{110}, p{120}, 

* Haworth’s rule for the free sugars should consequently be extended to 
the glucosides. 
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and s{101}; less frequently, c{001}. Etched figures, by means of 
alcohol, on m{110} show the monoclinic prismatic symmetry. The 
crystals do not show any well-defined cleavages. 

The 8-galactose prepared in this way remains unaltered for an 
unlimited time even if it is not dry, provided that precautions be 
taken to prevent the entrance of extraneous nuclei. If, however, 
a paste of powdered §-galactose and a little water is seeded with the 
much less soluble «-galactose, the latter form is rapidly produced 
with evolution of heat. The pure 8-galactose has the following 
physical properties, calculated for an infinitely dilute solution at 
20°: [a]? = + 54-20°; [Re]p = 62-62°; molecular solution volume 
(see Traube, ‘Ueber den Raum der Atome,” Stuttgart, 1899) 
Vn = 108-94 ml. 

As these values deviate not inconsiderably from those which we 
previously found with samples prepared according to Hudson and 
Janovsky, we at first thought that we were dealing with a fourth 
modification [Kongl. Norske Videnskabers Selskab (forhandl.), 
1926—8,Vol. I, No. 21], but more detailed examination has 
convinced us that the differences in the physical properties are due 
to the fact that Hudson and Janovsky’s preparation is not pure 
8-galactose. 

Dilatometric Measurements.—The apparatus and procedure have 


already been described (Ber., 1922, 55, 3138). From our experi- 
ments (see Table I), we find that at t = o, d® is 1-038582, corre- 
sponding to c = 10:30032 g./dl. The calculated positions are 


TABLE I. 


Dilatometer measurements with 6-galactose, crystallised from water. 
Temp. of bath 20-000°. Expansion. 


Position of meniscus Position of meniscus 
(in mm.), (in mm.), 

Time eV oes Time ee 
(mins.). obs. cale. (mins.). obs. cale. 
0 a= —13-514 35 —2-68 —2-68 
10 —6-39 — 6-34 40 —2-41 —2-41 
15 —4-85 — 4-90 45 —2-18 —2-18 
20 —4-01 —4-02 50 —1-98 —1-97 
25 —3-43 — 3-43 60 —1-58 —1-62 
30 —3-02 —3-02 1440 0-00 0-00 


derived from the equation A = 5-100 « 10~%8% +. 8-414 x 10-0:0597", 
The content of the dilatometer is 75-434 ml. and the diameter of the 
capillary tube 1-134 mm. The pyknometer used has already been 
described (Riiber, Z. Elektrochem., 1923, 29, 334). 

Calculation of the solution volume of 8-galactose (i.e., when t = 0). 
For c = 10°0000 and ¢ = «, d?’ is 1037413. The displacement of 
the meniscus is — 13-210 mm., corresponding to 13-251 ml. The 
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volume of the solution at t =o is 75434000 ml., and at ¢ = 0, 
75420749 ml.; hence, at ¢ = 0, d®” is 1-0375953 and c = 10-0017569. 
From this is calculated V,, = 109-4105 ml. or, for infinite dilution, 
Vm = 108-9370 ml. 

TaBLeE II. 


Polarimetric measurements with -galactose, crystallised from water. 
Values of a’; 1 = 4. 
Time Time 
(mins. ). Obs. Cale. (mins.). Obs. Calc. 
— 22-26° 25 25-04° 25-03° 
— 22-21 30 25-73 25-74 
22-21° 22-20 26-95 26-99 
22-22 22-22 27-99 28-04 
22-28 22-28 j 28-88 28-91 
22-30 22-32 30-26 30-23 
22-84 22-84 31-15 31-13 
23°51 23°53 33-06 33°06 
24-32 24-29 


Crm Ob © 


Polarimetric Measurements.—The calculated values in Table II are 
obtained from the equation x = 33-06 — A, where A = 13-058 x 
1Q- 0083: _ 2.255 x 10-9060, At t=oco, d® is 1-038435, corre- 
sponding to c = 10-2625, and « = 33-06°. Calculated for c = 
10-0000, d# is 1-037413, « = 32-21°; and accordingly [a]? (at 
t= o)=-+ 80-54°. At t= 0, d?® is 1037595, c = 10-00176, and 
« = 21-69°; and therefore [a]! (at ¢ = 0) = + 54-21°. 


TasBxeE III. 
Interferometer measurements with B-galactose, crystallised from water. 


Temp. 20°. Length of chamber = 40 mm. Old solution in the right, fresh 
solution in the left chamber. Decreasing n. 


Number of drum divisions. Number of drum divisions. 

Time Time ; 
(mins.). Obs. Corr. Cale. (mins.). Obs. Corr. Cale. 

0 — —_ 1331-07 { 1171-0 1127-98 1128-76 

1294-2 1240-47 1240-25 1147-2 1106-12 1106-37 

1257°5 1207-09 1206-57 1128-0 1088-43 1088-15 

1227-0 1179-27 1178-39 1112-0 1073-69 1073-08 

20 1203-9 1158-14 1158-21 1098-0 1060-76 1060-56 

25 1186-7 1142-38 1142-25 1031-0 998-67 998-67 








Interferometer Measurements —The apparatus has already been 
described by Léwe (Physikal. Z., 1910, 9, 1047; Chem.-Zig., 1921, 
405) and by Riiber (Ber., 1923, 56, 2190). The readings on the drum 
of the interferometer used were not accurately proportional to the 
changes in the refractive index, and were therefore corrected 
according to an empirical curve and are shown in col. 3. The values 
in col. 4 are calculated from the equation x = 998-67 +- A, where 
A = 224-68 x 10-0080 + 107-72 x 10-007", From t= 0 tot=~ 
the displacement is 1331-07 — 998-67 = 332-4 drum divisions. At 

4E2 
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t= 0, d®" is 1-039493, corresponding to c = 10-5345. Accordingly 
the 332-4 drum divisions correspond to 315-54 drum divisions for a 
solution with c = 10-0000, and An = 315-54 x 3-8535 x 10-7 = 
1215-93 x 10-7. For c = 10-0000 and ¢ = ~, d} is 1-037413 and 
n = 1-3474582. At ¢=0, c= 10-0017569, di? = 1-0375953 and 
n = 13475798. From these figures the molecular refractivity of 
8-galactose in aqueous solution of c = 10-000 is [Rg]p = 62-687, or 
in infinitely dilute solution, [Rg] = 62-618. 

Previously (Ber., 1926, 59, 2271) we measured the refractive index 
of an aqueous solution of galactose, which was in the equilibrium 
state, by means of a Pulfrich refractometer (‘‘ Neukonstruktion ”’) 
to an accuracy of + 0-00001. As greater accuracy was required, 
Dr. E. Berner kindly determined the refractive index by means of a 
Hallwachs prism [compare Kongl. Norske Videnskabers Selskab 
(forhandl.), 1926—28, Vol. I, No. 22; Z. physikal. Chem., 1929, 141, 
91], and found the following relation between refraction and 
concentration : 

ns” — vi" = 0-00145081c — 0-000000499c?, 
where v#" is the refractive index of water and c is the concentration 
of the solution (g./dl.). The sodium light was filtered so as to give 
a very narrow interval of high intensity; a sharp limit of total 
reflexion was thereby obtained, and the accuracy in the refractive 
index was of the order 2 x 10-7 (see Ber., 1927, 60, 2407; Z. 
physikal. Chem., 1929, A, 141, 100). 

As will be seen, a binomial exponential equation has to be used in 
order to express, within the limits of experimental error, the vari- 
ation of the three foregoing physical properties with time. In the 
case of the mutarotation experiments, it is especially to be remarked 
that, according to the empirical equation found for A, a minimum 
should be found at 1-9 minutes after solution has taken place. A 
number of special experiments showed that there actually was a 
minimum of rotation at about 2 minutes. The fact that dA/dt 
became negative at ¢ = 0 shows that the solution contains a modific- 
ation which has either a lower positive rotation than the B-galactose 
(+ 54°) or a negative rotation.* 

In the case also of «-galactose we have searched for a better method 
of preparation. The specimen used in our previous investigation 
was prepared in a way essentially the same as that described by 
Hudson and Janovsky (J. Amer. Chem. Soc., 1917, 39, 1020; Ber., 
1926, 59, 2271), i.e., by pouring a concentrated aqueous solution of 
galactose into boiling alcohol and letting the solution cool in the 

* The equation deduced empirically for the mutarotation of B-galactose 


by Smith and Lowry (loc. cit., p. 682) has also a minimum (at ¢ = 0-7 min.) 
and gives at ¢ = 0 a negative differential coefficient. 
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presence of crystals of «-galactose. In order to remove the other 
modifications present the crystal powder was extracted with 60% 
alcohol for a week. Dr. E. Berner has kindly examined under the 
polarisation microscope the crystals obtained by crystallisation from 
alcohol. They consisted mainly of badly developed tables («-galact- 
ose), which under crossed Nicols gave vivid interference colours, 
mixed with small quantities of well-developed prisms; the latter were 
recognised by microscopic examination as #-galactose, and their 
identity was confirmed by measurements of the angles. 

By using the method of evaporating the solution of galactose at 
room temperature, crystals of «-galactose only were formed if 
a-crystals had been previously introduced. In this way a crystal 
paste is obtained, which on filtration gives a crystal powder con- 
sisting solely of microscopically small, well-developed tables. 
The physical constants found for this preparation do not deviate 
noticeably from those we had found for the specimen prepared 
by our first method. 

It is of special interest to compare the constants found for «- and 
8-galactose with those of the methylgalactosides, which are known in 
the crystalline state. The oxidation of the methylated hexoses, 
carried out during recent years, can of course only establish the ring 
system of the methylated sugars themselves. Another question then 
arises : which of the free modifications correspond to the methyl 
compounds? Only when this question has been answered can the 
ring system of the free sugar modifications be cleared up. We have 
therefore determined as accurately as possible the constants of the 
so-called «- and §-methylgalactosides. A sample of the latter, 
prepared according to E. Fischer (Ber., 1895, 28, 1154) and recrystal- 
lised many times from alcohol, gave the following figures for an 
aqueous solution (c = 10-10006) : d" = 1-031257, n7 = 1:3468516, 
a = 0°. 

The constants calculated from these figures are shown together 
with the corresponding values for 8-galactose : 

[a]. Vine [Relo- 


8-Methylgalactoside 130-88 70-20 
8-Galactose +54: 109-41 62-69 
4-21-47 +751 


For comparison the corresponding values for 6-methylglucoside and 
$-glucose are given : 
8-Methylglucoside 133-26 70-55 


111-65 63-07 
—53°5 +21-61 +7-48 


The $-methylgalactoside is evidently related to @-galactose as 
3-methylglucoside is to 6-glucose. 
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The sample of «-methylgalactoside, purified by many recrystal- 
lisations from alcohol, gave in 10% solution the following values : 


[aR Van (Rel. 

+196-6° 130-66 69-83 
109-79 62-27 
20-87 +756 - 


The corresponding values for «-methylglucoside and «-glucose are 


+ 158-9° 132-61 70°17 
111-23 62-68 
+21-38 +7-49 

As will be seen, the difference between the solution volumes of 
«-methylgalactoside and «-galactose is unexpectedly small, viz., 
20-87, since by analogy it should be 21-4. 

From what has been recorded above, the difference between 
«-methylgalactoside and «-galactose is normal, as far as the rotation 
and molecular refractivity are concerned. The unexpectedly small 
difference between the solution volumes would not of itself under 
these conditions be sufficient evidence against the conclusion that the 
so-called «-methylgalactoside corresponds to «-galactose in regard to 
both ring structure and configuration. One has not at present, as a 
matter of fact, sufficient knowledge of all the factors which affect 
the solution volume of a substance. 


Summary. 


(1) The curves for the alterations with time of optical rotation 
and of volume of aqueous solutions of galactose prove that at least 
three modifications are present in such solutions. 

(2) By comparison of the two classes of curve, the conclusion is 
reached that, in the case of three modifications, A, B, and C, these 
curves do not correspond to the simple scheme of reaction 
AS 3B =.0. 

(3) Moreover, a mathematical consideration shows that the 
curves might be explained by means of the more complicated 

Az B 
scheme Dot ‘ 

(4) This result does not preclude the possibility that under certain 
conditions the presence of a fourth modification may be concealed 
by the experimental errors. More delicate experimental methods 
would be required to detect this. 

(5) Whilst the physical measurements now known do not enable 
us to decide whether three or four modifications are present in 
aqueous solutions of galactose, the existence of four crystalline well- 
defined penta-acetates makes it probable that there exist four modi- 
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fications of galactose, of which only the «- and 8-forms have been 
isolated. 

(6) Reasoning by analogy, the rotations of the two new modific- 
ations and of the two corresponding methylgalactosides are cal- 


culated. 
(7) The behaviour of aqueous solutions of galactose towards 


Angeli’s and Schiff’s reagents do not support the view that such 
solutions contain a noticeable amount of a real oxy-aldehyde. 

(8) «-Galactose can be obtained in quantitative yield by evapor- 
ating an aqueous solution of galactose which is in contact with 
crystalline nuclei of «-galactose. 

(9) 8-Galactose may be obtained in quantitative yield by evapor- 
ation of an aqueous solution of galactose if the presence of extraneous 
crystal nuclei is prevented. Its crystallographic data are given. 

(10) The optical rotation, solution volume and refractivity of 
8-galactose thus obtained and of «- and 8-methylgalactoside have 


been determined. 
(11) By means of the physical constants mentioned under (10) it 


has been shown that 8-methylgalactoside is related to 6-galactose in 
the same way as $-methylglucoside to 8-glucose. On the other 
hand, since the solution volume of «-galactose is unexpectedly 
large, it cannot be definitely asserted that «-methylgalactoside is 
related to «-galactose in the same way as «a-methylglucoside is 


to «-glucose. 


We tender our sincere thanks to Dr. E. Berner for the crystallo- 
graphic examination of «- and $-galactose and for his measurements 
of the refractive index of solutions of galactose. 


INSTITUT FUR ORGANISK Kemi, NorGEs TEKNISKE HOISKOLE, 
TRONDHJEM. [Received, April 8rd, 1929.] 


CCLXXX.—The Rates of Saponification of Various 
Commercial Oils, Fats, and Waxes and Pure T'ri- 
glycerides by Aqueous Alkali, 


By James Wiut1amM McBarn, Ceci. WALTER HUMPHREYS, 
and Yasota KAWAKAMI. 


THE only published accounts of actual measurement of the rate of 
saponification of commercial oils and fats and of pure triglycerides 
by aqueous alkali are those of Norris and McBain (J., 1922, 121, 
1362), Finch and Karim (J. Soc. Chem. Ind., 1926, 45, 357, 4697), 
and McBain, Howes, and Thorburn (J. Physical Chem., 1927, 31, 
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131). These studies have been concerned with four pure triglycerides 
and only a few commercial oils. The rates of saponification in 
these heterogeneous systems bear but little relation to the many 
studies, experimental and theoretical, made in homogeneous solu- 
tions. The purpose of the present study is to measure the rate o{ 
saponification of a large number (viz., 23) of the available com- 
mercial oils and fats, as well as two of the pure triglycerides, under 
strictly comparable conditions. The data for other triglycerides 
will be presented in another communication. 

The experiments of Norris and McBain, like the later ones of 
Finch and Karim, were carried out essentially as follows. Equiv- 
alent amounts of oil and alkali were boiled out and stirred together 
for a definite time; a sample was then taken for analysis, the 
reaction being stopped by the addition of a known volume (excess) 
of hydrochloric acid. By analysis, the weight of oil saponified 
was determined and expressed as a percentage of the amount of oil 
taken. The results obtained from these preliminary surveys showed 
that the reaction takes place at the surface of contact between the 
oil phase and the aqueous phase, and that the rate of saponification 
is dependent upon the area of the interface as well as the rate at 
which the alkali is brought to the surface and the products of the 
reaction removed from it. However, measurements using the 
above method all have the disadvantage that, as the reaction pro- 
ceeds from beginning to end, several different sets of phases may 
successively be present and also that the concentrations of all the 
different constituents are varying. It is thus impossible to deter- 
mine accurately the effect of varying any one factor. 

For this reason the new method used in the work of McBain, 
Howes, and Thorburn (loc, cit.) was developed. The principle of 
this method is to keep all of the reagents except the hydroxide in 
such large excess as to be approximately constant throughout any 
one experiment, thus keeping all the physical as well as chemical 
factors constant. The rate of disappearance of the dilute hydroxide, 
as followed by means of the hydrogen electrode, was found to be 
unimolecular in so far as the hydroxy] ion is concerned. There was 
thus developed a rapid, quantitative method for the measurement 
of the rate of saponification by aqueous alkali in which any one 
factor can be varied singly and its influence thereby determined; 
and this we have now used for the determination of the rate of 
saponification of various oils, fats, and pure triglycerides in the 
presence of the same soap with a view to determine whether the 
rate varies with different oils, and, if so, to find the extent of variation 
and the factors involved. 

Materials and Apparatus—The standard sodium hydroxide 
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solutions were prepared by dissolving sodium drippings in freshly 
boiled-out distilled water. The commercial oils used, with the 
exception of one sample of coco-nut oil and the tallow, lard, and 
butter, were obtained from Messrs. Curtis and Tompkins, of San 
Francisco. The tallow was extracted from beef suet by heating, 
and the free fatty acid removed before use by treating it with 
sodium hydroxide. The castor oil, Chinese vegetable tallow, 
sesame, hemp-seed, linseed, perilla, soya, and rape-seed oils were 
from Manchuria, the tung oil from China, the palm oil from Sumatra, 
the peanut and cotton-seed oils from Texas, the coco-nut oil from 
the Philippine Islands, and the rest from California. The second 
sample of coco-nut oil was the neutralised sample used in the work 
of McBain, Howes, and Thorburn (loc. cit.) in England, as obtained 
through the kindness of Messrs. Christopher Thomas Bros., of 
Bristol. The pure triglycerides, trilaurin and tristearin, and the 
sodium and potassium laurates, sodium palmitate, and sodium and 
potassium oleates were obtained from Kahlbaum. The soap used 
as a constant emulsifying agent was a potassium coco-nut oil soap 
obtained through the courtesy of the Davies~Young Soap Co., 
Dayton, Ohio. They stated that only Cochin coco-nut oil, potassium 
hydroxide, and distilled water were used in making it. It contained 
62-5% of anhydrous soap. 

As previously stated, the hydrogen electrode was used to follow 
the disappearance of the hydroxylion. The #.M.F. measured was 
that of the hydrogen electrode coupled with a decinormal calomel 
electrode, the potential of the calomel electrode remaining constant, 
and the change in #.M.F. being due to the changing potential of 
the hydrogen electrode. The cell whose potential was measured 


was as follows : 
(Pt)H, | 0-1N,-NaOH ; KCI KCl | 0-1N,-KCl, Hg.Cl, | Hg 
1-0N,,-Soap 4:satd. | } satd. (solid) 
1:0N,-Oil 
90° 90° 90° Room temperature 
The reaction was carried on in a three-necked, round-bottomed, 
500 c.c. Pyrex flask, which was about three-quarters immersed 
in a thermostat at 90° + 0-1°. The mixture was stirred by a small 
silver propeller bound on the end of a glass rod and driven at a 
speed of 2900 r.p.m. The actual arrangement of the apparatus is 
shown diagrammatically in Fig. 1 of the paper of McBain, Howes, 
and Thorburn (loc. cit.). The hydrogen electrodes used were of the 
Hildebrand type. Three electrodes, prepared at the start, were 
used as checks on one another and also to replace an electrode in case 
it became “ poisoned ” during the course of an experiment. A 
pyknometer, calibrated to contain at room temperature the required 
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amount of 0-3N,,-sodium hydroxide, was used to measure the alkali 
added to the reaction mixture. The #.M.F. was measured by 
means of a Leeds and Northrup students’ potentiometer. 

Procedure-—Each experiment was carried out using a total of 
50 g. of water. The initial concentration of the soap was 1NV,,, 
and that of the alkali 0-1N,.. With each of the commercial oils, 
11 g. of oil were added at the start : this was about 1N,, for coco- 
nut oil (based on one-third of the molecular weight) and a little less 
for the others. Possibly for strict comparison a constant volume of 
oil should have been used, but, as the commercial oils vary only 
slightly in specific gravity, constant weight closely approximates to 
constant volume, and the necessity of determining specific gravity 
for each oil is avoided. Furthermore, McBain, Howes, and Thor- 
burn (loc. cit.) showed that, where the oil is already in excess, 
variation of its amount changes the rate only slightly, because 
usually only a portion is truly emulsified. With the pure triglycerides 
the exact theoretical quantity to make them 1N,, with respect to the 
fatty radical (i.e., one-third of the molecular weight) was added at 
the start. Glycerol was not added at.the beginning because of its 
small influence on the rate. The data of McBain, Howes, and Thor- 
burn indicate that, if the total amount of glycerol produced by 
complete saponification of the 0-1N,,-sodium hydroxide were present 
throughout the reaction, the velocity coefficient would be lowered 
only by about 2%, and as the later stages of the reaction were not 
used in calculating the coefficient, the influence of the glycerol 
produced was negligible. Two-thirds of the water was added with 
the soap and the other one-third with the sodium hydroxide, these 
two constituents being prepared in solutions of 1-5N,,- and 0:3N,,,- 
concentration, respectively. 

The actual procedure followed in any one experiment was as 
follows. The required amounts of soap and oil were weighed into 
the reaction flask; this was put in place in the thermostat, and the 
potassium chloride siphon, the stirrer, and the outer jacket of the 
hydrogen electrode were inserted. The top of the hydrogen electrode 
jacket was closed with a stopper, and the soap and oil were then 
stirred together for 20—30 minutes, hydrogen being bubbled through 
the whole time to ensure saturation. At the end of this time, the 
sodium hydroxide was added through the hydrogen electrode jacket, 
the pyknometer containing it having previously been placed in the 
thermostat for about 5 minutes to bring the alkali to the proper 
temperature. The hydrogen electrode was then inserted and 
frequent readings of #.M.F. were taken. 

Calculation of Results ——Since the progress of the reaction was 
followed by means of a hydrogen electrode, the measured Z.M.F. 
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is directly proportional to the logarithm of the hydroxyl-ion con- 
centration. The unimolecular velocity coefficient, &, should be 
equal to 1/¢ times the logarithm of the ratio of the initial hydroxyl- 
ion concentration to that at time ¢. Since the logarithm of the 
hydroxyl-ion concentration occurs both in the expression for the 
rate and in the value of the H.M.F., the velocity coefficient is 
proportional to 1 /¢ times the change in Z.M.F.up totimet. There- 
fore, H.M.F. plotted against time should give a straight line whose 
slope would be the velocity coefficient in millivolts per minute. 
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Actually, however, the reaction is incomplete and reversible, owing 
to equilibrium being obtained when the hydrolysis-alkalinity is of 
the order of N/1000. Therefore, although the change in £.M.F. 
is at first nearly proportional to time, the H.M.F. must ultimately 
tend to a constant value independent of time and corresponding to 
the hydrolysis-alkalinity. A simple, graphical method for correcting 
for this reverse action and obtaining the integrated value of k 
without calculation is described in detail in the paper of McBain, 
Howes, and Thorburn (loc. cit.), where the table of correction 
values is given once for all. 
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To apply the correction, a point is found on the #.M.F.+t curve 
where the H.M.F. is greater than the final equilibrium 2.M.F. by 
an amount corresponding to a number in the standard table. The 
corresponding number in the table is then the amount by which this 
point has to be lowered vertically to put it in its corrected position. 
The slope of the straight line so obtained is the velocity coefficient 
for the forward reaction expressed in millivolts per minute. It is 
seen from Fig. 1 that straight lines do result from applying this 
correction. 

As a rule, in drawing the straight line to obtain the velocity 
coefficient, least weight was given to the last corrected point, 
because, as the reaction approaches equilibrium, the corrections 
increase very rapidly, and any error is unduly magnified. Although 
the equilibrium #.M.F. depends upon the kind and concentration of 
the soap in the equilibrium mixture, the value of Z;, the 2.M.F. 
corresponding to equilibrium, should vary only slightly with the 
different experiments because the effect of the soap formed during the 
reaction is negligible in comparison with the effect of the large 
excess of soap initially present. This was found to be true, and 
0-910 was taken as the nearest correct value of H; and was used in 
all the calculations. 

Experimental Results. 

The data obtained are collected in Table I, which is arranged in 
decreasing order of velocity coefficients (k), the fastest being castor 
oil and the slowest rape-seed oil. The iodine numbers (see Hilditch, 
*“‘ The Industrial Chemistry of the Fats and Waxes,” 1927, Chap. I]) 
and the measured acid values of the oils are given in the second and 
third columns, respectively. Next follows an indication of the 
composition of the oils as described by Hilditch (op. cit., Chap. Ill). 
Here each of the fatty acids is represented by the number of carbon 
atoms in the chain, and the number of double bonds is shown for 
the unsaturated radicals. Thus C,, to C,, represent the saturated 
radicals laurate to stearate; Cy and Cz the oleate and erucate; 
and C* and C*; the linolate and linolenate, respectively. The 
number preceding this shorthand formula indicates the % of that 
glyceride in the oil; thus castor oil, 85CZOH,9Cz, is shown as 
being 85% ricinolein and 9% triolein, only the major constituents 
being given. Next are given the values of & (in millivolts/min.), 
one for each independent experiment, which represent the slope of 
the straight line as illustrated in Fig. 1, and lastly, the final mean 
value of & for saponification in millivolts per minute. Since about 
144 millivolts represent the whole course of the forward reaction, 
the reaction has gone nearly half way in the number of minutes 
required for a change of 21 millivolts, and, allowing for the reverse 
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reaction, it has gone to the extent of 99-5% in the number of minutes 
required for a change of about 300 millivolts. For perfect saponi- 
fication infinite time would as usual be required, but in any case the 
final stages of this reaction are much slower than those of a uni- 
molecular reaction owing to the reverse reaction of hydrolysis. 
The final stages of an ordinary saponification where both oil and 
alkali disappear are, of course, still more retarded. From the 
numbers in the table, it would take less than 10 minutes for the 
castor oil to use up the alkali to the extent of 99-5%, whereas rape- 
seed oil would require 32 hours to do the same under these con- 
ditions. 

The data of Table I show that the hydrogen electrode responds 
surprisingly well to the dilute alkali of the aqueous phase, ignoring 
the presence of the high admixture of unsaturated oil. Further- 
more, it measures the alkali even in the presence of the N-solution 
of unsaturated soaps such as oleate. 


TaBLeE I. 
Rate of Saponification of Pure and Mixed Triglycerides in Identical 
Environment and Conditions. 
Iodine Acid Mean 
Oil. number. value. Composition. , k. 


*Castor 83—86 85CZOH,9CR 


*Lard d 5-50 60CH,32Ci¢, 8Cis 
Tristearin 0-46 100C\, 


, 4.9 f£51Ci2,19C4,10Cs, 
Coco-nut (1) 4-9 8Ci4, 5Ci,5Ci9 ns 


mary 51Cjo,19C,4, 10Cs, 
Coco-nut (2) 8C 15,505, 5Cp 


* 45Cis, 16Cj,4, 1 5Ci6, 
Butter ; ton 


*Chinese veget- a 
ahie tallow 0:89 670 4,34C5 


Trilaurin . 100C >. 


*Japan wax Mostly Cy¢,5C,; 
*Fish oil 


*Lard : 60C7s,32Ci6,8C)5 
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Iodine Acid 
Oil. number. value. Composition. 


. 48Cj5,36C}5,9Cis, 


*Sesame 103—117 =—:1-37 70Cjg, 18C2",12C)s 


52Cyo, 16CR, 15Ci4, 
8Cis 


*Hemp-seed 145—160 0-7 Cig,C?, » 


*Palm kernel 15—20 t 
Cis,Ci. 


*Beef tallow 35—47 48Ciq,32Cjg, 14C 5 


Peanut 


(ground nut) 85—95 2:38 60Cig,21C2=-,7Cig 


18? 
— = 
Linseed 170-185 1-79 { O2Ce ACs Oe 
5Ci 
* 33Cq,157,12Cig, 
wee 110-160, $1 90,80, 
Perilla 193—206 ; (The most unsaturated 
rs oil.) 


Cotton-seed 104—113 19 = 540%, 23C7G,23Ci¢ 


18’ 


*Pal iid { 48Cis,36C 5, 9Cis, 
Palm 53—58 ic# 


Soya 125—140 0-139 {57C}38Cis,6Cic, 


18” 


Chi a re 
/nuna-woo = -_ 
reli 160—180 5-6 930,708 
9 
*Sunflower 125-140 0-23 58C%,34CH,4Cr aa 


| im 0:26 
Olive 79—86 . 85Cjs,7Ci¢,6C2> 4 


Rape-seed ” Fl en 0-162 
(Colza) 97—105 2-s 50CH,32Ciq, L5C _ en 


(570%, 200%, 15C2=)4] 


* Data obtained by Mr. Kawakami. The standard sodium hydroxide 
solutions were prepared by dissolving Merck’s C.P. analysed sodium hydroxide 
in freshly boiled-out distilled water. The surface of the sticks was first washed 
off with distilled water to remove as much carbonate as possible. Of course, 
there were probably small amounts of carbonate remaining, but comparison 
with other experiments in which sodium drippings were employed in preparing 
the hydroxide solutions shows that the small amounts of carbonate present 
as impurities had no appreciable effect upon the rate of saponification. 

+ Fifteen per cent. palmitoleate. 

t The oil in these cases had been neutralised with alkali. 

§ The oil in this case had been neutralised with absolute alcohol. 

q J. J. Sudborough, H. E. Watson, and P. R. Ayyar, J. Indian Inst. Sci., 
1926, 9A, 25. 


Values are listed in Table I for two separate samples of coco-nut 
oil: as mentioned above, the first of these samples came from the 
Philippine Islands. The value of the velocity coefficient reported 
by McBain, Howes, and Thorburn for the second sample of coco-nut 
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oil is 6-0 millivolts/min. That value need not equal numerically 
the value obtained in the present work, because a different soap was 
used as emulsifying agent, a somewhat different rate of stirring was 
used, and the blades on the stirrer may have been of a different 
size or shape. A difference in any one of these factors could vary 
the coefficient. 

In Table I are included results for two fairly pure triglycerides, 
which enable comparison to be made with future work here or else- 
where. For the same reason, in Table II there are given the velocity 
coefficients which resulted when the coco-nut oil soap used in Table I 
was replaced by pure sodium and potassium soaps. This fully 
standardises our results. With the more insoluble higher soaps, 
which tend to cover up the electrode, it was necessary from time to 
time during the reaction to clean the electrode or replace it. 


TaB.LeE II. 


Rates of Saponification of Pure and Mixed Triglycerides when Pure 
Sodium or Potassium Soaps are used in Place of the Potassium 
Soap of Coco-nut Oil. 


Triglyceride. Soap. k (mv. /min.). Mean k. 
Trilaurin 1N,,-Sodium laurate +15, 6°35 6-3 
- 1N,,-Potassium laurate 6 
me K Soap of coco-nut oil 3°30, 4°22, 3-65 
Soya bean 1N,-Sodium palmitate 1-4), 1-2 
= 1N-Potassium oleate 0, (0-9) 
ye 1N,,-Sodium oleate (3-4) 
K Soap of coco-nut oil 0-39, 0-40 
- ‘> - 4-45, 4°75, 4:32, 4-78 
Na Soap of castor oil Initial 2-5, 3-2, 2 to 
Final 7-4, 6, 5-6 
Na Soap of rape-seed oil 5-1, 4-8, (4-0) + 


* See last two paragraphs of this paper. 
+ In this experiment 0-2N,,-alkali was used instead of 0-1N,. 


p 


or 
o 


ChokbRONAG 
o~ 


Coco-nut (1) 


* 


3. 
1. 
1: 
3- 
0: 
4: 
2. 
6: 
5 


—) 


Discussion of Results. 

The most striking result demonstrated by the data of Table I is 
the very great range of 200-fold in the time required to saponify 
different oils in the same environment. The factor responsible 
for this is, in our opinion, the relative ease and degree of emulsi- 
fication of the various oils. This is supported by the qualitative 
observation that in the fastest reactions the oil appeared to be 
wholly emulsified, whereas most of it is free in the slower reactions. 
It will also receive support in another communication dealing with 
pure glycerides. The importance of emulsification has been fully 
recognised by many previous writers,* although somewhat obscured 

* For references, see, e.g., Langton, J. Oil Col. Chem. Ass., 1922, 5, 41, 58, 


where the whole of these cognate subjects is carefully described and discussed 
with 91 references to the literature. 
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by the speculations put forward by others on the basis of experi- 
ments in alcoholic and other homogeneous solutions. 

This simple explanation of all our results at once makes them of 
general significance for all the related fields of emulsification, fat- 
splitting, and hydrolysis, where the same mechanism must be the 
dominant factor. All the reactions take place in the interface 
between oil and water and not in either phase. Hence the primary 
factor is the development of this interface, which is favoured by 
emulsifying agents and by the degree of readiness of the oil to be 
emulsified. The latter property has not heretofore been studied. 

All the oils were studied just as received. This at once raises the 
question of the influence of acid number,* or free acid, in the oil, 
The answer is that where the acid number was at all large, the rate 
of disappearance of the alkali was unduly large. Thus the untreated 
castor oil reacted too fast for measurement. The effect in these 
extreme cases simulates a poisoning of the hydrogen electrode. 
With lard having an acid number of 5-5 the velocity coefficient was 
20, whereas after the lard had been neutralised, like the castor oil, 
by treatment with alkali, the coefficient was only 2. The influence 
upon the rate cannot possibly be dué merely to the free acid in 
the oil reacting rapidly with the alkali, because the total free acid 
in the oil is only a fraction of the alkali used, and the rate remains 
fast to the end. Thus, for the acid value 5-5, the 2-7% of fatty 
acid in the lard was only 0-0195N,, with respect to the water, whereas 
the alkali used is 0-1N,,; i.e., the free acid corresponds to only 
one-fifth of the alkali. Thus, even instantaneous reaction of the 
total free acid could not have raised the rate by more than five- 
fourths, whereas it actually was raised 10-fold. Clearly it is through 
increased readiness to emulsify that this effect is produced by free 
acid in the oil. In this connexion it may be recalled that McBain 
and Eaton (J., 1928, 2166) found that free acid added to a non- 
aqueous phase enormously increased the solubility of soap therein. 

In order to obtain comparable results, this factor had to be 
studied and controlled. In the first place, known quantities of 
free fatty acid were added to coco-nut oil to see how the rate was 
affected. The fatty acid used was obtained from the coconut-oil 
soap. The result is striking. The original rate of the coco-nut oil 
was 4-6; it remained 4-6 after addition of 3-7% of acid; it rose to 
8-4 when the free acid was increased to 5-6%; and the rate could 
not be measured in the presence of 8-4% of acid. It follows that an 
oil of a very low acid number gives practically the same velocity 


* The acid number, being the number of mg. of potassium hydroxide 
required to neutralise the free acid in 1 g. of oil, corresponds to approximately 
twice the % of free acid in the oil (see, e.g., Hilditch, op. ci#., p. 37). 
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coefficient as the completely neutralised oil. The data in Table I 
illustrate these effects for palm oil and lard. A further check was 
obtained in several cases (e.g., castor oil) by taking the reaction 
mixture after a reaction had been finished, adding to it a fresh 
portion of 0-1N,,-alkali, and finding that it yielded the same 
coefficient as before within the limits of experimental error. 

Upon comparing the various oils, there is an evident relation 
between the nature of their constituents and the rate of saponi- 
fication. For example, apart from castor oil, with its distinctive 
chief component, there is a real, although very rough, parallelism 
between unsaturation (or iodine) value and rate, the most un- 
saturated oils being the slowest. Multiple double bonds in the 
carbon chain seem to inhibit saponification more than single ones 
such as oleate radicals. 

Bergell (Z. deut. Oel-Fett-Ind., 1926, 46, 561, et seq.), indeed, in 
studying the splitting of different neutralised oils emulsified with 
soap at 100°, found a direct relation between their iodine values and 
the number of days required for splitting, and he very clearly 
stresses the importance of emulsification as the vital factor in all 
these processes. He adduces the well-known fact that when 
different acids are placed in an air—water interface, there are usually 
several times as many molecules of saturated acids per unit area 
as there are of the corresponding unsaturated fatty acids. Hence 
he would expect a given area of oil—water interface to be less effective 
for saponification with unsaturated triglycerides than with the more 
closely packed saturated triglycerides. Lascaray (Anal. Fis. Quim., 
1927, 25, 332; Rev. gén. Colloides, 1928, 6, No. 52, 32) has published 
very similar experiments and the same argument. 

To this it may be objected that it is decidedly hazardous to compare 
the “ expanded ” film of unsaturated acid or triglyceride on an air- 
water interface * with the surface between water and an oil in bulk, 
where the interior of the oil is certainly as close-packed for saturated 
triglycerides as for unsaturated ones. Bergell and Lascaray’s 
explanation does not at all agree with castor oil being by far the 
fastest, as shown in Table I. We are convinced that all the differ- 
ences in rate are essentially due to the different relative degrees of 
emulsification of the various oils. Bergell found that for optimum 


* Adam (J. Physical Chem., 1925, 29, 97) showed that the earlier inter- 
pretation of Langmuir, that compounds containing double bonds occupy twice 
48 great an area as the corresponding saturated compounds, through bending 
so that the double bonds also touch the water, was an error due to his having 
‘compared expanded films of oleie acid with close-packed films of such sub- 
stances as stearic acid. The areas taken up by saturated and corresponding 
insaturated compounds are identical if they are compared under similar 
conditions. 
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rate of splitting nine parts of 50% soap solution were required to one 
part of oil. This, however, as we have pointed out, must vary with 
the oil, since some are wholly and others only very incompletely 
emulsified under a given condition. 

The different rates in Table I show no relation to the average 
molecular weights of the constituents of the oils. 

Another factor in determining the amount of emulsified oil, and 
probably also its degree of dispersion, is the soap. In Table I this 
was kept constant; in Table II it is varied whilst the oil is kept 
constant. These results give a quantitative comparison of the 
emulsifying power of the soaps and probably of their relative 
detergent efficiency towards oils. 

In the first place, Table II shows that there is but little difference 
between potassium and sodium soaps, which is generally true when 
both are in solution and not curded or salted out (crystallised). 
Secondly, the laurates are better than the soap of coco-nut oil, 
although far surpassed by the palmitates and oleates, which are 
nearly equal to each other. Sodium palmitate and potassium oleate 
increase the rate about three-fold over that for the coco-nut oil soap. 
On the other hand, the differences ‘between some of the oils, as 
exhibited in Table I, would evidently not have been quite so marked 
had the corresponding soap been used for each oil. This alone, 
however, does not account for the differences. For example, the 
soap of castor oil is an even better emulsifier than that of coco-nut 
oil, and hence the castor oil would be saponified nearly 10 times 
more quickly than coco-nut oil. 

To show how utterly unconnected is the emulsifying power of the 
soap and the emulsifiability of the corresponding oil, reference may 
be made to the velocity coefficient in the presence of the soaps 
made from castor oil and rape-seed oil. These soaps, as shown in 
Table II, are equal as emulsifiers, although the rates for the oils 
themselves differ 200-fold. 

In the experiments with some of the medium and slower rates 
of saponification, such as those with soya-bean oil and sodium 
palmitate, those with linseed oil, and, in exaggerated form, those 
with coco-nut oil and the sodium soap of castor oil, the rate increased 
throughout the course of the reaction. This might have been 
observed more often had the reaction for some of the slower rates 
been measured for longer periods. Inspection of the data showed 
that the phenomenon was real, and not merely due to the time 
required at the beginning of the reaction for the hydrogen electrode 
to adjust itself to the mixture. Autocatalysis through formation 
of soap is excluded because of the large excess of soap present. 

Two alternative explanations for the increasing rate suggest 
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themselves : (1) that diglycerides and monoglycerides accumulate 
in the partially saponified oils where the rate is slow, and that these 
are more quickly saponified than triglycerides—this remains to be 
tested by experiment, but it is rather too general an explanation 
for just a few curves; (2) that the varying alkali appreciably 
affects the emulsifying power of the soap. This would appear 
certain; for example, McBain, Harborne, and King (J. Soc. Chem. 
Ind., 1923, 42, 3737; J. Physical Chem., 1924, 28, 1) found that the 
“carbon number ” of soaps passed through a maximum value upon 
slight addition of alkalis, being depressed by further small additions. 


Summary. 


1. The rates of saponification by aqueous alkali of 25 oils and 
triglycerides have been studied under strictly comparable conditions 
at 90°, the reaction being followed by means of the hydrogen 
electrode. 

2. The rates differ for different oils by as much as 200-fold. 
The results are explained as being due to the various degrees of 
emulsification of the different oils, some being whoily and others 
only partially emulsified. 

3. The results are directly applicable to all such related processes 
as fat-splitting, hydrolysis, and “ fermentation.” 

4. The emulsifying power of the soaps is wholly unrelated to the 
ease of emulsification of the corresponding oils; nor is there any 
relation between molecular weight and rate of saponification. In 
general, the time required for saponification increases with degree 
of unsaturation. 


STANFORD UNTVERSITY, CALIFORNIA. (Received, June 12th, 1929.] 





CCLX X XI.—Heterocyclic Systems containing Selenium. 
Part II. cycloSelenopentane. 


By Gitpert T. Morcan and Francois HEREWARD BuRSTALL. 


THE six-membered analogue of this series, cycloselenopentane, has 
been prepared by a method similar to that employed for cyclo- 
selenobutane (this vol., p. 1096) and the physical and chemical 
properties of the two selenopolymethylenes have been compared. 
These two selenohydrocarbons are very similar, but the derivatives 
of the new six-membered ring system made by addition of various 
reagents to the selenium atom are somewhat less stable than those 
of the five-membered ring. Combinations with methyl iodide, 
ethylene dibromide, and the halogens are summarised in the 
following diagram : 
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The crystalline cycloselenipentane 1: 1-dihalides (II) dissolve 
easily in non-hydrolysing solvents: the dichloride and dibromide 
are also soluble in hot water and crystallise unchanged from the 
strongly acid solutions. It is noteworthy that cycloselenipentane 
1: l-di-iodide was only obtained in purple-black prisms which 
correspond with the more stable darker 8-form of cyclotelluripentane 
1 : 1-di-iodide (Morgan and Burgess, J., 1928, 328). 

Silver oxide converts the dichloride successively into cyclo- 
selenipentane 1-hydroxychloride (V) and the dihydroxide (VI): the 
former is a white crystalline substance soluble in water to an acid 
solution but insoluble in non-hydrolysing solvents, whereas the 
latter is a hygroscopic substance dissolving readily in water to an 
almost neutral solution. In dilute solutions chloroplatinic acid and 
cycloselenipentane 1: 1-dichloride give cycloselenipentane 1-chloro- 
platinate (VII), soluble in organic media, and in stronger solutions 
bis-1-chlorocycloselenipentane 1-chloroplatinate (VIII), a_ polar 
compound insoluble in organic media but soluble in water. 

Methyl iodide and ethylene dibromide both furnish water-soluble 
selenonium salts with cycloselenopentane; the former gives cyclo- 
selenipentane 1-methiodide (III) and the latter, 1-8-bromoethyl- 
cycloselenipentane 1-bromide (IV). No compound containing two 
molecules of cycloselenopentane and one molecule of ethylene dibrom- 
ide was produced and in this respect the addition differed from the 
interactions of cycloselenobutane and cyclotelluropentane with 
tetramethylene dibromide and pentamethylene dibromide respec- 
tively (loc. cit.). 

An alternative method of preparing cycloselenopentane follows 
that already given for cycloselenobutane. Pentamethylene 
dibromide and potassium selenocyanate react to give pentamethylene 
diselenocyanate (IX), which is converted into cyclopentamethylene 
diselenide (cyclodiselenopentane, X) by alcoholic potash and aerial 
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oxidation. On heating, the foregoing diselenide loses half its 
selenium and gives cycloselenopentane. Bromine and the diselenide 
yield cycloselenipentane | : 1-dibromide : the conversion is preceded 
by the formation of an unstable tetrabromide (XI). 


oH. —CHeCH,SeON _. (4, CH, ‘CH, "Se CH,-CH ¢ 
CHs< CH CH, -SeCN wll CH,’CH,-Se CH on-CH a 


2 
(IX.) baa a aa 
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CH,°CH,° —~? CH,°CH,, 
(XT) | Baca CH keBse | > Boat on SB 

The determination of the parachor shows that cycloselenopentane 
is a normal liquid. The atomic constant for selenium was taken 
as 62-5 (Sugden and Henley, this vol., p. 1058). 

12-5° 22-0° 32-1° 42-3° 
° 1-397 1-384 1-372 
Suriace tension (y) 37-33 35°93 34:59 
Parachor 264- 264-1 264-0 264-1 
Mean parachor 264-2 (calc., 263-6). 

The foregoing observations on cycloselenopentane complete the 
description of a series of analogous ring compounds including all 
members of the oxygen-sulphur group of elements : 

Pentamethylene oxide (cyclooxypentane), described by Demjanow 
(J. Russ. Phys. Chem. Soc., 1890, 22, 389) and later by Héchstetter 
(Monatsh., 1902, 23, 1071); b. p. 81—82°/760 mm., d’: 0-8800. 

Pentamethylene sulphide (cyclothiopentane), first obtained by 
von Braun and von Triimpler (Ber., 1910, 43, 545) and studied 
more fully by Grischkevitsch-Trochimovski (J. Russ. Phys. Chem. 
Soc., 1916, 48, 928); b. p. 141—142°/747 mm., di** 0-9943. 

cycloSelenopentane (vide infra), b. p. 158°/759 mm. 

cycloTelluropentane, recently described by Morgan and Burgess 
(loc. cit.); b. p. 82—83°/12 mm. 


EXPERIMENTAL. 


cycloSelenopeniane (I).—Hydrogen selenide, generated by the 
action of water on 14-5 parts of aluminium selenide, and hydrogen 
were passed into alcoholic soda made from 6-9 g. of sodium, 250 c.c. 
of aleohol, and 6 c.c. of water. Colourless sodium selenide separated 
and when all the hydrogen selenide had been introduced the alcohol 
was distilled away and cold water was added together with 27-0 g. 
of ae-pentamethylene dibromide (36-0 g. are required by theory). 

The mixture was heated to 80° in a current of hydrogen, which 
prevented oxidation and kept the liquid agitated. After 4 hours 
the cycloselenopentane mixed with unchanged dibromide and 
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impurities was dissolved in carbon tetrachloride, and this extract 
dried over calcium chloride. Sufficient bromine was then added 
to convert the selenohydrocarbon into its dibromide (yield, 45% of 
the theoretical). cycloSelenopentane, regenerated by stirring of the 
purified dibromide with water and four times its weight of sodium 
metabisulphite, was dried over calcium chloride and distilled under 
ordinary pressure in a stream of carbon dioxide. It was thus 
obtained as a colourless or very faintly yellow liquid, b. p. 158°/ 
759 mm., nis 1-5475, di?" 1-409, d? 1-399, d# 1-392, d?* 1-384, 
whence di. = 1-424 — 0-001236¢. It possessed a pungent and rather 
unpleasant odour (Found: C, 40-0; H, 7:0; Se, 53:3. C;H,)Se 
requires C, 40-2; H, 6-9; Se, 53-0%). 

Although insoluble in water, the selenohydrocarbon was volatile 
in steam and in the vapours of alcohol and ether and was, further- 
more, miscible in all proportions with organic solvents. Concen- 
trated sulphuric acid gave yellow to red tints on warming. Whereas 
cycloselenopentane was oxidised only slowly in air, potassium 
permanganate in aqueous solution caused rupture of the ring, as 
did also fuming nitric acid; moderately concentrated nitric acid, 
however, gave cycloselenipentane 1 : 1-dinitrate. 

cycloSelenopentane mercurichloride, C;H,)Se,HgCl,, crystallised in 
white feathery needles from a hot alcoholic solution of the seleno- 
hydrocarbon and mercuric chloride; it melted to an opaque white 
liquid at 175—176° (Found: Cl, 16-7. C;H, Cl,SeHg requires 
Cl, 16-85%). 

cycloSelenipentane 1 : 1-dichloride (I1) crystallised in white needles 
melting at 103° when chlorine was passed into a carbon tetrachloride 
solution of cycloselenopentane (Found: Cl, 31-9. C;H,9Cl,Se 
requires Cl, 32:2%). Although this dichloride was easily soluble 
in benzene, chloroform, and acetone, it dissolved only sparingly in 
alcohol or petroleum. 

cycloSelenipentane 1 : 1-dibromide (II), prepared by direct addition 
of its generators, crystallised from benzene, carbon tetrachloride or 
hot water in small, bright yellow needles melting at 117—118° to a 
deep red liquid (Found : Br, 51-5. C;H, Br,Se requires Br, 51-7%). 

The perbromide, C,;H,)SeBr,,Br;, separated in small, crimson, 
prismatic crystals when concentrated solutions of bromine and the 
foregoing dibromide were mixed; it decomposed very readily in 
air, leaving a residue of the dibromide (Found: Br, 78:4. 
C,H, )Br,Se requires Br, 78-99%). 

cycloSelenipentane 1 : 1-di-iodide (II) separated in large, almost 
black, prismatic crystals (m. p. 114°) when solutions of its generators 
were mixed. The finely ground di-iodide was deep red and its 
solutions in benzene, chloroform, or acetone, in which it was readily 
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soluble, had the same colour even on warming (Found: I, 62-75. 
CsH, l,8e requires I, 63-0%). This di-iodide was practically 
insoluble in water. 

cycloSelenipentane 1 : 1-dihydroxide (V1) was produced when an 
aqueous solution of the corresponding dichloride or dibromide was 
treated with excess of freshly prepared silver oxide. On evapor- 
ation of the filtered solution on the water-bath and finally in a 
vacuum desiccator, colourless, highly hygroscopic crystals were 
obtained. The aqueous solution was practically neutral (py 6-0— 
6-2) and addition of aqueous hydrogen halide regenerated the 
corresponding I : 1-dihalide. 

cycloSelenipentane 1-hydroxy-1-chloride (V). An aqueous solution 
of cycloselenipentane 1 : 1-dichloride was treated with sufficient 
silver oxide to remove only half its chlorine, or equimolecular pro- 
portions of the 1 : 1-dihydroxide and 1 : 1-dichloride were mixed in 
aqueous solution. The resulting liquid was concentrated over 
sulphuric acid and the colourless crystalline hydroxychloride which 
separated was washed with benzene; it decomposed at 110—111° 
(Found: C, 29-6; H, 5-5; Cl, 17-3. C;H,,OCISe requires C, 29-75; 
H, 5-5; Cl, 17-6%). 

cycloSelenipentane 1-chloroplatinate (VII) separated very slowly 
in small yield as a pale yellow, microcrystalline powder from a cold, 
very dilute aqueous solution of cycloselenipentane 1 : 1-dichloride 
and chloroplatinic acid; it decomposed at 216° after shrinking at 
190°. It was almost insoluble in water but dissolved in chloroform 
’ and benzene (Found: Pt, 34:8. C;H,,Cl,SePt requires Pt, 35-0%). 

Bis-1-chlorocycloselenipentane 1-chloroplatinate (VIII). Chloro- 
platinic acid was added to a hot, moderately concentrated solution 
of cycloselenipentane 1 : 1-dichloride; the sparingly soluble, orange 
crystalline salt separated on cooling and was recrystallised from hot 
water (Found: Pt, 24-8; Cl, 36-2. C,H, oCl,Se,Pt requires Pt, 
25-1; Cl, 36-5%). 

This complex salt was insoluble in organic solvents with the 
exception of alcohol, and on heating it decomposed at 160°. 

cycloSelenipentane 1-methiodide (III). When a slight excess of 
methyl iodide was added to cycloselenopentane, heat was generated 
and the solid methiodide was produced; it crystallised from water 
in white needles (Found: I, 43-55. C,gH,,[Se requires I, 43-6%). 
On heating in an open tube, the methiodide slowly sublimed without 
melting at 160°, but in a closed tube it melted to a colourless liquid 
at 165—166°. 

1-8-Bromoethylcycloselenipentane 1-Bromide (IV).—A mixture 
of cycloselenopentane, ethylene dibromide, and water was heated for 
a week in a sealed tube at 100° until no more material dissolved in 





2202 HETEROCYCLIC SYSTEMS CONTAINING SELENIUM. PART II. 


the aqueous layer. The aqueous solution was then evaporated over 
sulphuric acid, the dibromide being obtained as a colourless glass. 
Crystallisation from alcohol-acetone gave the compound in small, 
white, very hygroscopic needles, m. p. 88° (Found: Br, 46:8. 
C,H,,Br,Se requires Br, 47-4%). This complex bromide decomposed 
slowly on keeping. 

Alternative Formation of cycloSelenopentane.—ae-Pentamethylene 
diselenocyanate (IX). Potassium selenocyanate (14-4 g.) and 
pentamethylene dibromide (11-5 g.) were heated in acetone solution 
for several hours. The filtrate from potassium bromide was evapor- 
ated, and water added to the residue; the diselenocyanate then 
separated as a dark oil (yield, almost quantitative). Simce the 
diselenocyanate could not be solidified, and decomposed on distil- 
lation, it was purified by precipitating a benzene solution with 
petroleum (Found: Se, 56-5. C,H,,N,Se, requires Se, 56-5%). 
The viscous diselenocyanate possessed the intense nauseating odour 
characteristic of this group of substances. 

cycloPentamethylene diselenide (cyclodiselenopentane). An alco- 
holic solution of the foregoing diselenocyanate (7 g.) was added 
slowly to 50 c.c. of alcohol containing 3-0 g. of caustie potash. The 
4rown oil which slowly separated was dissolved in benzene, and was 
obtained on evaporation as a yellow uncrystallisable gum (Found : 
C, 26-1; H, 44; Se, 69-2. C,H,,Se, requires C, 26-3; H, 44; 
Se, 69:3). The diselenide was quite stable on keeping. When 
heated strongly, it decomposed, giving cycloselenopentane, identified 
by the formation of cycloselenipentane 1 : l-dibromide. When 
the deep red chloroform solution of cyclopentamethylene diselenide 
(1 mol.) and bromine (2 mols.) was allowed to evaporate freely 
at the ordinary temperature, the residue obtained contained 
cycloselenipentane 1: 1-dibromide, black elemental selenium, and 
tarry material (yield of dibromide, 61% of the theoretical). When 
an excess of bromine was used (4 mols.), a yellowish-orange pre- 
cipitate was obtained, probably: consisting of cyclopentamethylene 
diselenide tetrabromide (XI), but this unstable substance decomposed 
with the production of cycloselenipentane 1 : 1-dibromide. 


CuEMICAL RESEARCH LABORATORY, 
TEDDINGTON, MIDDLESEX. [Received, July 2nd, 1929.] 
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CCLXXXII.—Synthesis of Anthracene Homologues. 
Part I. 2:6- and 2:7-Dimethylanthracenes. 


By Gitpert T. Morean and Epwarp Autry CouLson. 


DuRING a study of the higher aromatic hydrocarbons from low- 
temperature tar certain products were obtained which on oxidation 
yielded two dimethylanthraquinones, and it became desirable to 
prepare for reference purposes 2: 6- and 2 : 7-dimethylanthracenes 
and the corresponding quinones. 

The methods employed in the preparation of the 2 : 7-compounds 
are symbolised in the following diagram : 
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The essential compound in this synthesis, 2 : 4 : 4’-trimethylbenzo- 
phenone (I), is prepared most conveniently by condensing m-xylene 
with p-toluoyl chloride in presence of aluminium chloride, but, as 
the condensation might occur in one or other of three directions, 
the structure of the ketone is proved by treating p-toluonitrile with 
the Grignard compounds of 4-bromo-m-xylene and 4-iodo-m-xylene 
respectively. A ketimine is thus synthesised which is readily 
hydrolysed to 2:4:4’-trimethylbenzophenone, an oily ketone 
characterised by its crystalline oxime. 

When maintained at its boiling point, 2 : 4 : 4'-trimethylbenzo- 
phenone is transformed slowly by loss of water into 2 : 7-dimethyl- 
anthracene (II), which is thus obtained by a synthetic method free 
from the ambiguity attaching to Friedel-Crafts condensations. 

A comparison of the properties of this synthesised hydrocarbon 
with those of other dimethylanthracenes cited in the literature shows 
that it is identical with a hydrocarbon considered by Lavaux to be 
1:6- or 1:7-dimethylanthracene (Ann. Chim., 1910, 20, 433; 
24, 131). 

This discordance, which will be elucidated in the sequel, becomes 
intensified by the circumst@ice that Lavaux described another 
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hydrocarbon as 2 : 7-dimethylanthracene which is identical with the 
hydrocarbon produced by the following syntheses : 
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2:5:4'-Trimethylbenzophenone (V) is prepared in quantity by 
condensing p-xylene and p-toluoyl chloride with aluminium chloride, 


and its constitution is confirmed by synthesis from p-toluonitrile 
and the Grignard compound of 2-iodo-p-xylene. When maintained 
at its boiling point, this ketone loses water to form a hydrocarbon 
which can only be 2 : 6-dimethylanthracene (V1). 

In addition to this rigid proof of chemical constitution a supple: 
mentary synthesis was effected by repeating a condensation due to 
Seer (Monatsh., 1911, 32, 143) in which m-xylene and m-toluoyl 
chloride interact in presence of aluminium chloride to yield 2:4 :3’- 
trimethylbenzophenone (VII). This ketone is also dehydrated on 
boiling and transformed into 2 : 6-dimethylanthracene (VI). Since 
Seer’s condensation could take place in three different ways to yield 
isomeric ketones from which, by dehydration, 1 : 5-, 1: 7- or 2:6 
dimethylanthracene or mixtures of these hydrocarbons might result, 
it follows that these condensations cannot furnish any definite proof 
of the orientation of the two methyl groups. Nevertheless it is 
significant that, apart from actual cae of methyl groups. 
Seer’s condensation could not give rise to 2 : 7-dimethylanthracene. 

On oxidation 2 : 6-dimethylanthracene "yields 2 : 6-dimethy!- 
anthraquinone (m. p. 242°) (VIII), which was also prepared by Seer 
(loc. cit.), who obtained it as the main product of the action of MM (Ansc 
aluminium chloride on m-toluoyl chloride alone at 130—140°. La 

Seer’s synthesis of 2 : 6-dimethylanthraquinone is of significance 
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because it is clear that, apart from possible migrations of methyl 
groups, m-toluoyl chloride alone could not condense to yield 2 : 7- 
dimethylanthraquinone. Our attempt to obtain this quinone by 
the action of aluminium chloride on a mixture of m-toluoyl chloride 
and p-toluoyl chloride led only to a small yield of 2 : 6-dimethyl- 
anthraquinone which was evidently obtained exclusively from 
m-toluoy] chloride, for when the experiment was repeated on p-toluoyl 
chloride alone no dimethylanthraquinone was obtained, although 
theoretically this acid chloride could only furnish the 2 : 6-isomeride. 
These experiments indicate that in the Friedel-Crafts condensations 
under review only those hydrogen atoms which are in the para- 
position with respect to methyl groups are displaceable in the form 
of hydrogen chloride. 

The foregoing syntheses of 2: 6- and. 2 : 7-dimethylanthracenes 
and of their quinones have enabled us to identify two quinones 
present in the oxidation products of the homologues of anthracene 
in low-temperature tar, namely, 2 : 7-dimethylanthraquinoné, m. p. 
170°, and 2 : 6-dimethylanthraquinone, m. p. 242°. Moreover our 
syntheses of the two dimethylanthracenes offer a simpler explanation 
than has hitherto been possible of the conflicting statements in the 
literature regarding the dimethylanthracenes. 

In a series of papers (Compt. rend., 1904, 139, 976; 1905, 140, 
44; 1905, 141, 204, 354; 1906, 143, 687; 1908, 146, 135, 345; 
1911, 152, 1400; Ann. Chim., 1910, 20, 433; 24, 131), Lavaux 
examined critically many previous researches in which dimethyl- 
anthracenes had been obtained. The reactions in question are cited 
below in chronological order :— 


(a) Crude xylyl chloride, CH,°C,H,-CH,Cl, with water under 
pressure (van Dorp, Annalen, 1873, 169, 207) or with aluminium 
chloride (Friedel and Crafts, Bull. Soc. chim., 1882, 37, 530). 

(b) Benzyl chloride and toluene with aluminium chloride (Friedel 
and Crafts, loc. cit.). 

(c) Toluene and chloroform with aluminium chloride (Schwarz, 
Ber., 1881, 144, 1528; Elbs and Wittich, Ber., 1885, 18, 347). 

(¢) Toluene and methylene chloride with aluminium chloride 
(Friedel and Crafts, Bull. Soc chim., 1884, 44, 323; Ann. Chim. 
Phys., 1887, 44, 265). 

(e) Toluene with aluminium chloride (Anschiitz and Immendorf, 
Ber., 1884, 17, 2817). 

(f) Toluene and acetylene tetrabromide with aluminium chloride 
(Anschiitz, Annalen, 1886, 235, 172). 


Lavaux showed that the crude dimethylanthracenes from these 
reactions behaved as a chemical entity with a melting point of 225— 
4P . 
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226°. When, however, this product was washed repeatedly with 
toluene a separation into two isomerides was effected. The residue 
on crystallisation from toluene yielded a single compound, Lavaux’s 
so-called ‘“‘ A’ dimethylanthracene (m. p. 240°), which on oxidation 
furnished a dimethylanthraquinone melting at 169°. This hydro. 
carbon and its quinone are identical respectively with our 2:7 
dimethylanthracene and 2 : 7-dimethylanthraquinone. 

From the toluene extracts Lavaux recovered a more soluble hydro. 
carbon which on oxidation yielded a dimethylanthraquinone melting 
at 236-5°. This quinone on reduction gave a single hydrocarbon, 
Lavaux’s ““B” dimethylanthracene melting at 244:5°. This hydro. 
carbon and its quinone are identical respectively with our 2: 6- 
dimethylanthracene and 2 : 6-dimethylanthraquinone. 

Lavaux identified his B dimethylanthracene with the hydrocarbon 
obtained by the interaction of toluene, ethylidene chloride, and 
aluminium chloride (Anschiitz, Annalen, 1886, 235, 313) and he also 
conjectured that a dimethylanthracene of m. p. 224—225° (quinone, 
m. p. 155°) obtained from a tar oil by Zincke and Wachendorff (Ber., 
1877, 10, 1481) contained both A and B isomerides. 

Lavaux was led to believe that his B hydrocarbon was 2:7 
dimethylanthracene because its quinone was oxidisable to an 
anthraquinonedicarboxylic acid which on prolonged alkali fusion 
was hydrolysed to yield isophthalic and terephthalic acids. From 
this result he deduced that the quinonedicarboxylic acid was either 
the 2 :6- or the 2: 7-derivative. But since the parent hydrocarbon 
differed from that prepared by Dewar and Jones (m. p. 215—216°; 
quinone, m. p. 159—160°), who regarded their product as 2: 6- 
dimethylanthracene (J., 1904, 85, 212), Lavaux assumed by 
exclusion that his B hydrocarbon was 2 : 7-dimethylanthracene. 

Seer (loc. cit.), however, suggested that Dewar and Jones’s hydro- 
carbon was the then unknown 2: 7-isomeride and it now appears 
probable that although impure it consisted mainly of this hydro- 
carbon. The suggestion of Dewar and: Jones that its formation from 
toluene and nickel carbonyl took place through p-tolualdehyde by 
loss of hydrogen peroxide must be rejected, because only the 2 : 6- 
isomeride could be formed in this way. A more probable explanation 
is formulated on p. 2207. 

Lavaux attempted to confirm his view of the 2 : 7-configuration 
of his B hydrocarbon by synthesising it from pp’-ditolylmethane (X) 
and methylene chloride by a condensation with aluminium chloride, 
but he always obtained a mixture of A and B isomerides, either in 
this condensation or by starting with toluene and methylene chloride. 
Migration of methyl groups must have occurred in the first case, 
for otherwise only his A compound (IX) would be obtained. On 

. 
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repeating Lavaux’s preparation with toluene and methylene chloride 
we find in fact that the 2 : 7-isomeride predominates, whereas the 
2: 6-hydrocarbon (Lavaux’s B compound) is present only to a small 
extent. 


M sare 
O + Ni(CO), + CPC) co" 
1. ee 


cis CH CH, 
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Lavaux regarded his A hydrocarbon as either 1:6- or 1:7- 
dimethylanthracene, since on oxidation it gave an anthraquinone- 
dicarboxylic acid which, on prolonged alkali fusion, yielded as 
degradation products phthalic, isophthalic, and terephthalic acids. 
He considered the 1 : 6-configuration to be the more probable, but 
our synthesis of this A hydrocarbon (III) proves that it is really 
2: 7-dimethylanthracene. With this configuration determined, it 
is easy to understand why it is the predominant product (IX) in the 
condensation with pp’-ditolylmethane and methylene chloride 
(above). 

Since the completion of Lavaux’s researches a product (m. p 
225—226°) containing dimethylanthracene has been prepared by 
Frankforter and Kokatnur (J. Amer. Chem. Soc., 1914, 36, 1534), 
who condensed trioxymethylene and toluene with aluminium 
chloride, but these observers, who made no reference to Lavaux’s 
correction, did not separate the two isomerides. Cook and Chambers 
(J. Amer. Chem. Soc., 1921, 43, 338), who obtained the two isomerides, 
together with 6-methylanthracene, by the interaction of acetylene 
and toluene, accepted Lavaux’s view of the constitution of the two 
dimethylanthracenes. The A isomeride was prepared by Bornstein, 
Schliewiensky, and Szczesny-Heyl (Ber., 1926, 59, 2814), who also 
adopted Lavaux’s 1 : 6- or 1 : 7-orientation now shown to be incorrect. 

Seer had assumed (loc. cit.) that his dimethylanthracene from 
2:4: 3'-trimethylbenzophenone was identical with Lavaux’s B 
hydrocarbon and he concluded that the methyl groups were in the 





2208 MORGAN AND COULSON : 


2 : 6-positions. An elegant proof of this 2: 6-orientation has since 
been supplied by Flumiani (Monatsh., 1924, 45, 43), who condensed 
2: 5-dihydroxy-m-toluic acid with concentrated sulphuric acid 
and obtained 1 : 4: 5 : 8-tetrahydroxy- 2 : 6-dimethylanthraquinone 
which on distillation with zinc dust furnished 2 : 6-dimethylanthra- 
cene identical with Seer’s product. 


EXPERIMENTAL. 


4-Iodo-m-xylene (36 g.), prepared from m-xylidine by a modific- 
ation of the method of Willgerodt and Howells (Ber., 1900, 33, 
842), was dissolved in sulphuric acid (60 g. of concentrated acid in 
450 c.c. of water) and diazotised below 5° with sodium nitrite solu- 
tion (21 g.in 60 c.c. of water). The filtered diazo-solution was added 
to aqueous potassium iodide (50 g. in 60 c.c. of water), and after an 
hour at the ordinary temperature the mixture was warmed until 
effervescence ceased, sufficient solid sodium bisulphite being added 
to remove free iodine. The 4-iodo-m-xylene, which had separated 
as a viscid oil, was extracted with ether, washed with 10% caustic 
soda solution, and dried over calcium chloride. After removal of 
ether the residual oil was distilled from solid caustic potash and 
collected at 225—240°, 33 g. of pure iodo-compound, b. p. 231— 
235°, being obtained. 

4-Bromo-m-xylene was prepared by two methods: (#) Direct 
bromination by the method of Cohen and Dakin (J., 1899, 75, 895): 
it was found advantageous to add the bromine more slowly than 
these authors recommended (3 hours instead of 4 hour) and 28 g. 
of pure bromo-compound of b. p. 203—205° were obtained from 
50 g. of m-xylene. (6) From m-xylidine: 60 g. of m-xylidine 
diazotised as previously described were poured into a cold solution 
of cuprous bromide (made with 100 g. of crystallised copper sulphate) 
in fuming hydrobromic acid (170 c.c.). A pasty yellow mass separ- 
ated but began to decompose and to liquefy on warming until 
presently the decomposition became moderately violent with 
generation of heat; the reaction was completed on the steam-bath. 
The oily bromo-compound was taken up in chloroform, washed with 
10% caustic soda solution, dried over calcium chloride, and distilled, 
after removal of the solvent, from solid eaustie soda. The fraction, 
b. p. 200—210°, was redistilled and yielded 20 g., b. p. 203—208°. 

2:4:4'-Trimethylbenzophenone (I).—(a) From m-xylene and 
p-toluoyl chloride: p-Toluoyl chloride was prepared by boiling 
p-toluic acid under reflux with three times its weight of thionyl 
chloride for 6 hours. The excess of thionyl chloride was distilled 
off and the residue, fractionated in a vacuum, yielded the acid 
chloride, b. p. 125°/36 mm., in almost theoretical yield. 
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Equivalent weights of p-toluoyl chloride (89 g.) and m-xylene 
(61 g.) were mixed and dissolved in an equal volume of carbon 
disulphide. The solution was gradually added to powdered 
aluminium chloride (89 g.) covered with carbon disulphide contained 
in a reflux apparatus, Heat was generated, the aluminium chloride 
dissolved to a dark brown solution, and hydrogen chloride was 
evolved. When the reaction had subsided, the solution was 
boiled on the steam-bath for 2 hours; the product was mixed with 
water and the m-xylene and carbon disulphide were distilled in 
steam. The residue was extracted with ether, and the ethereal 
solution after repeated washing with 10% caustic soda solution 
was dried over calcium chloride. After removal of the ether the 
oily ketone was fractionated in a vacuum, 105 g., b. p. 169°/4 mm., 
being obtained (yield, 82%). 

(6) From 4-iodo-m-xylene and p-toluonitrile : 33-0 G. of 4-iodo- 
m-xylene were gradually added to 2-4 g. of magnesium turnings 
covered with dry ether. On warming, the magnesium dissolved. 
p-Toluonitrile (8 g.), dissolved in ether, was added and the solution 
was boiled for an hour and poured into dilute sulphuric acid, more 
ether being added to take up the crude ketone, which was purified 
as already described (yield, 2—3 g.). 

(c) From 4-bromo-m-xylene and p-toluonitrile : The synthesis of 
2:4: 4'-trimethylbenzophenone was carried out with each preparation 
of 4-bromo-m-xylene by exactly the same methods as those employed 
with the iodoxylene. The bromo-compound does not form a mag- 
nesium derivative so readily as the iodo-compound, but the yield 
of ketone finally obtained was a trifle higher (3 g. from 20 g.). 

At the ordinary temperature the ketone remained as @ viscid pale 
yellow oil, b. p. 169°/4 mm., 340° (corr.)/760 mm. (Found : C, 85-4; 
H,7-1. C,,H,,0 requires C, 85:7; H,7-1%). It yielded no phenyl- 
hydrazone on prolonged boiling with phenylhydrazine in alcohol or 
acetic acid, and it did not react with semicarbazide. Its inter- 
action with hydroxylamine took place very slowly. These properties 
may be due to steric hindrance by the ortho-methyl group. 

The elimination of the elements of water took place slowiy when 
the ketone was boiled. The reaction, which appears to be general 
for compounds of this type (compare Elbs and Larsen, Ber., 1884, 
17, 2847; Elbs and Olberg, Ber., 1886, 19, 408; Elbs, J. pr. Chem., 
1886, 33, 185; 1887, 35, 465; 1890, 41, 1, 121; I. G. Farb. A. G., 
Meister, Lucius and Briining, E. P. 251, 270), is not appreciably 
facilitated by the action of water-removing catalysts such as piper- 
idine, acetic anhydride, fused zinc chloride or concentrated sulphuric 
acid. On heating with the last-mentioned reagent the ketone was 
hydrolysed into p-toluic acid and m-xylene. 
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The ketone was not oximated by the action of hydroxylamine 
hydrochloride and anhydrous sodium acetate in boiling aqueous 
alcohol after 2 days. Neither did heating in sealed tubes at 100— 
150° bring about any marked reaction, but shaking for a fortnight 
at the ordinary temperature with a great excess of hydroxylamine 
hydrochloride and anhydrous sodium acetate in aqueous alcohol 
gave an oily product which became partly crystalline after a month. 
On recrystallisation from alcohol it furnished 2: 4 : 4’-trimethy/- 
benzophenoneoxime, CH,°C,H,°C(NOH)-C,H,(CHs),, in large colour- 
less rhombs, m. p. 132° (Found: N, 6-2. C,,H,,ON requires N, 
59%). 

2 : 7-Dimethylanthracene (11) from 2 : 4 : 4'-T'rimethylbenzophenone. 
—The ketone (36-0 g.) made from m-xylene and p-toluoyl chloride 
was boiled beneath an air reflux for 6 hours and cooled; a thick 
crystalline precipitate of crude dimethylanthracene then separated 
which was washed with ether. The ethereal washings were added 
to the filtrate of unchanged ketone, the ether was removed, and the 
boiling continued. It was of considerable advantage to remove the 
dimethylanthracene at intervals, as it underwent decomposition at 
the temperature (350—360°) of its formation. After 19-5 g. of crude 
dimethylanthracene (m. p. 185—195°) had been obtained there 
remained 12 g. of unchanged ketone, which was distilled in a vacuum 
to separate it from charred by-products. 

Pure 2: 7-dimethylanthracene was obtained by subliming the 
crude product and by repeated crystallisation from carbon disulphide 
and from acetic acid. 

This preparation, when repeated with the smaller quantities of 
2:4: 4'-trimethylbenzophenone from 4-iodo- or 4-bromo-m-xylene 
and p-toluonitrile, furnished dimethylanthracene having the same 
m. p. and showing no depression on admixture. 

2 : 7-Dimethylanthracene (II) crystallised from carbon disulphide, 
acetic acid, petroleum (b. p. 60—80° and 80—100°), and other 
organic solvents in very pale yellow, curled, rhombic flakes, m. p. 
241° (corr.), with a purple fluorescence (Found: C, 92-5; H, 68. 
C,,H,, requires C, 93-2; H, 6-8%). 

Lavaux’s observation that this dimethylanthracene formed no 
picrate was confirmed. 

2: 7-Dimethylanthraquinone (III).—Three g. of 2: '7-dimethyl- 
anthracene were dissolved in boiling acetic acid and 4-0 g. of chromic 
anhydride dissolved in a little water were slowly added. The 
solution was boiled till the chromic acid was reduced (4—3? hour), 
and the green solution poured into water, which precipitated the 
crude quinone. This product was boiled with dilute caustic soda 
solution, to remove the small amount of 2-methylanthraquinone-7- 
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carboxylic acid formed as by-product, and filtered hot, because the 
sodium salt of the latter was sparingly soluble in the cold. The 
crude 2 : 7-dimethylanthraquinone (3-5 g.), when purified by recrystal- 
lisation from alcohol, formed colourless needles, m. p. 170° (corr.) 
(Found: C, 80-9; H, 53. C,,H,.0, requires C, 81:3; H, 51%). 
The quinone dissolved in concentrated sulphuric acid to a golden- 
yellow solution ; with zinc dust and ammonia it formed a blood-red 
vat. 

2-Methylanthraquinone-7-carboxylic acid (IV) was obtained by 
boiling 2 : 7-dimethylanthraquinone (2-4 g.) with chromic anhydride 
(2-7 g.) in acetic acid for 3 hours. The product was worked up as 
before, the acid being separated from unoxidised quinone by extrac- 
tion with boiling dilute caustic soda solution and by precipitation 
on acidification of the alkaline solution. When crystallised from 
acetic acid, in which it was fairly readily soluble, the acid separated 
in small clusters of pale yellow needles, m. p. 283° (corr.). The 
sodium salt was sparingly soluble in cold water; with zine dust and 
ammonia it formed a blood-red vat. These properties showed it 
to be the compound regarded as 6-methylanthraquinone-1-carboxylic 
acid by Lavaux. 

Anthraquinone-2 : 7-dicarboxylic acid, produced when 2-methyl- 
anthraquinone-7-carboxylic acid was boiled with excess of chromic 
anhydride in acetic acid, slowly separated and was washed with 
more acetic acid. It formed very pale yellow, rhombic plates, not 
molten at 360° (Found: C, 64:8; H, 2:8. C,,H,O, requires C, 
64:9; H, 2-7%). It gave a deep crimson vat when treated with 
zinc dust and ammonia. 

2-Bromo-p-xylene and 2-iodo-p-xylene were prepared from 
p-xylidine by methods similar to those described for the preparation 
of 4-bromo- and 4-iodo-m-xylene, but as p-xylenediazonium sulphate 
was much less soluble than m-xylenediazonium sulphate it was 
necessary to dissolve the p-xylidine in more diluted sulphuric acid 
(100 g. of concentrated sulphuric acid in 800 c.c. of water for 60 g. 
of the base). From 60 g. of the base there were obtained 12 g. of 
pure 2-bromo-p-xylene, b. p. 205—210°/770 mm., and 24 g. of 2-iodo- 
p-xylene, b. p. 230—235°/770 mm. 

2:5:4'-Trimethylbenzophenone (V).—(a) From p-xylene and 
p-toluoyl chloride: This condensation resembled the preparation 
of the 2 : 4 : 4’-isomeride, 53 g. of p-toluoyl chloride, 40 g. of p-xylene, 
and 58 g. of aluminium chloride being used. The crude product, a 
low-melting solid, yielded after fractional distillation in a vacuum 
68 g. of pure ketone, b. p. 202°/23 mm. (89% of the theoretical). 

(b) From 4-iodo-p-xylene and p-toluonitrile : The synthesis was 
carried out with 22 g. of iodo-compound, 2 g. of magnesium, and 8 ¢g. 
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of p-toluonitrile and a small yield (2 g.) of ketone, b. p. 330—340°/ 
750 mm., was obtained. The corresponding bromo-compound dis. 
solved magnesium very slowly, if at all, and no ketone was obtained 
when it was used in place of the iodo-compound. 

The ketone formed large, colourless, rhombic plates, m. p. 54° 
(corr.), b. p. 202°/23 mm., 337°/760 mm. (Found: C, 85-5; H, 7-35. 
C,,H,,0 requires C, 85-7; H, 7:1%). It showed the same reluct- 
ance to form the usual ketonic derivatives as the 2 : 4 : 4’-isomeride 
and probably for the same reason. 

2:6-Dimethylanthracene (VI) from 2:5: 4'-Trimethylbenzo. 
phenone (V).—By working in exactly the same way as with 2:4: 4’. 
trimethylbenzophenone (above) there were obtained from 30 g. of 
2:5:4'-trimethylbenzophenone (prepared from p-xylene and 
p-toluoyl chloride) 19 g. of crude 2 : 6-dimethylanthracene and 8 g. 
of unchanged ketone. Pure 2 : 6-dimethylanthracene, m. p. 250° 
(corr.), was obtained after one sublimation and two crystallisations 
from carbon disulphide. The smaller preparation of ketone from the 
Grignard synthesis yielded the same dimethylanthracene, thus 
confirming the structure of the ketone prepared from p-xylene and 
p-toluoyl chloride as 2 : 5 : 4’-trimethylbenzophenone, 

2 : 6-Dimethylanthracene is remarkably similar in physical and 
chemical properties to the 2 : 7-isomeride (Found: C, 93:1; H, 6-9. 
C,,H,, requires C, 93-2; H, 68%). The m. p. (250°) of our prepar- 
ation was somewhat higher than that given by Lavaux (244-5°) and 
Seer (243°). 

2 : 6-Dimethylanthraquinone (X), prepared from 16-5 g. of crude 
dimethylanthracene by boiling with 22-0 g. of chromic anhydride in 
acetic acid for 4 hour, was worked up precisely as 2 : 7-dimethy]- 
anthraquinone (above), 13-5 g., m. p. 230°, being obtained. On 
crystallisation from acetic acid the m. p. rose to 242° (corr.), the 
compound forming colourless or pale yellow needles (Found: C, 
80-9; H, 5-1. Cale. for C,,H,.0,: C, 81-3; H, 5-1%). 

Preparation of Lavaux’s A Dimethylanthracene.—The preparation 
of the mixed isomeric A and B dimethylanthracgnes from toluene, 
methylene chloride and aluminium chloride was carried out as 
described by Lavaux (Compt. rend., 1905, 440, 44), but the crude 
product, m. p. 226°, was recrystallised seven times from carbon 
disulphide, as this was found to be a more advantageous method of 
obtaining the A isomeride than by washing with cold toluene. After 
the seventh crystallisation, pure A isomeride,; m. p. 241° (corr.), was 
obtained, which was identical with the 2 : 7-dimethylanthracene 
prepared from 2: 4: 4’-trimethylbenzophenone. 

Separation of Lavauxz’s Isomeric Dimethylanthraquinones.—A 
simple method of separating the isomerides consists in fractional 
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extraction of the mixed A and B dimethylanthraquinones with 
boiling alcohol. 

Fifteen g. of the crude mixture of A and B dimethylanthracene 
prepared as described by Lavaux were oxidised to the mixed 
quinones by chromic anhydride, 11 g., m. p. 167°, being obtained. 
The A (or 2:7-) isomeride rapidly dissolved in boiling alcohol, 
whereas the B (or 2 : 6-) isomeride remained for the most part undis- 
solved, The alcoholic extract on cooling furnished crystals almost 
free from the Bisomeride. After two recrystallisations from alcohol, 
pure A isomeride (8 g.) was obtained, m. p. 168° (corr.). 

The residues after two crystallisations from acetic acid had m. p. 
239° (corr.) and amounted only to 0-6 g., thus indicating that 2 : 7- 
dimethylanthracene greatly predominates in Lavaux’s mixture of 
hydrocarbons. 

Mixed melting point determinations showed that the A and B 
quinones were identical respectively with our 2 : 7- and 2 :; 6-dimethyl- 
anthraquinones. 

It is now possible to assign a probable structure to the dinitro- 
derivative (m. p. 323°) prepared by Lavaux from A dimethyl- 
anthraquinone (the 2: 7-isomeride) (Ann. Chim., 1910, 21, 133). 
Substitution being controlled by the methyl groups as in $-methyl- 
anthraquinone, the product should be 1 : 8-dinitro-2 : 7-dimethy]l- 
anthraquinone, and the corresponding diamine should have the same 
orientation of methyl groups which also obtains in Lavaux’s 
dimethylanthracene 9 : 10-dibromide. 

Preparation of 2 : 6-Dimethylanthracene and 2 : 6-Dumethylanthra- 
quinone by Seer’s Methods.—Condensation of m-xylene and m-toluoyl 
chloride yielded 2 : 4 : 3’-trimethylbenzophenone (VII), an uncrystal- 
lisable oil, b. p. 195°/17 mm., 335°/760 mm. It is, however, advis- 
able not to boil this ketone for the long period recommended by Seer 
in the transformation into dimethylanthracene but to separate the 
reaction product at short intervals and thus avoid charring. The 
ketone can be transformed into 2 : 6-dimethylanthracene as smoothly 
and completely as its 2:5: 4’-isomeride. The product, purified as 
before, was identical with the specimen made from the 2:5: 4’- 
trimethylbenzophenone, and the dimethylanthraquinone obtained by 
oxidation was identical with that obtained by our synthesis. 


Summary. 

(1) 2: 7-Dimethylanthracene (m. p. 241° corr.) has been synthes- 
ised by a method which establishes definitely the orientation of the 
two methyl groups, and the hydrocarbon has been oxidised to 2 : 7- 
dimethylanthraquinone (m. p. 170° corr.). 

(2) These’ 2: 7-dimethyl derivatives are identical respectively 

42 
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with the “A” dimethylanthracene (m. p. 240°) and its quinone 
(m. p. 169°) isolated by Lavaux and considered to have the 1 : 6. 
configuration. This orientation is now shown to be incorrect. 

(3) 2: 6-Dimethylanthracene (m. p. 250° corr.) has been synthes. 
ised definitely and oxidised to 2 : 6-dimethylanthraquinone (m. p. 
242° corr.). 

(4) These 2: 6-dimethyl derivatives are identical respectively 
with “‘ B” dimethylanthracene and its quinone isolated by Lavaux 
and regarded by him as 2 : 7-derivatives, although the correct 2 : 6- 
orientation was suggested subsequently by Seer. 

(5) The heavy neutral oils of low-temperature tar from the carbon- 
isation of bituminous coal contain a mixture of anthracene derivatives 
from which 2:6- and 2: 7-dimethylanthraquinones have been 
obtained by oxidation. 


CHEMICAL RrsEARCH LABORATORY, 
TEDDINGTON, MIDDLESEX. [ Received, July 13th, 1929.] 





CCLXX XIII.—Interactions of Basic Tellurium Chloride 
and the Cresols. 


By Gusert T. Morean and HENRY BURGESS. 


'THIs investigation, which was undertaken with the object of pro- 
ducing organic tellurium compounds suitable for use in chemo- 
therapy, has furnished results comparable with those obtained in 
an earlier study of the interactions of selenium oxychloride and 
phenols (Morgan and Burstall, J., 1928, 3260). The reagent em- 
ployed in our experiments, which is prepared by the action of 
concentrated hydrochloric acid on tellurium oxynitrate, may 
approximate to the hydrochlorides indicated by Ditte (Compt. rend., 
1876, 83, 336), but whatever may be its precise chemical constitu- 
tion the material has a specific reaction on the three cresols different 
from that displayed by either tellurium tetrachloride or tellurium 
dioxide. Accordingly throughout this paper the expression “ basic 
tellurium chloride ” refers to the product prepared as in the opening 
paragraph of the experimental section, although we are aware that 
in the course of a systematic investigation of tellurium compounds 
Lenher was led to the view that anhydrous tellurium oxychloride 
does not exist (J. Amer. Chem. Soc., 1909, 34, 243); more recently 
a similar conclusion has been reached by Parker-and Robinson (J., 
1928, 2854). 

The research was abandoned before a complete proof of the 
orientation of the entrant tellurium atoms had been established; 
from analogy, however, with the corresponding selenium compounds 
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(loc. cit.) it seems highly probable that the derivatives of the three 
cresols have the constitutions indicated below. 

In the condensation with p-cresol, tellurium probably enters the 
aromatic ring in the ortho-position with respect to the hydroxyl 
group, so that in addition to a complex intermediate compound 
there are formed: (1) tri-2-hydroxytri-5-methyltriphenyltelluronium 
chloride (1), a polar compound soluble in aqueous alcohol but almost 
insoluble in non-hydrolysing organic media such as chloroform, 
benzene, and carbon tetrachloride : 


/ OH \ OH \ 


<r TeCl | tech, ty 
\ \ 
\ e 3 \ Me 2 


(2) di-2-hydroxydi-5-methyldiphenyl telluridichloride (I1), a non-polar 
compound soluble in chloroform, acetone, or alcohol. The latter 
derivative, which takes the place of di-2-hydroxydi-5-methyldiphenyl 
selenide in the selenium oxychloride condensation, illustrates the 
greater tendency for tellurium to retain its quadrivalency in such 
condensations. 

In the interaction with o0-cresol a product representing an earlier 
stage in the process can be isolated, namely, 4-hydroxy-3-methyl- 
phenyl tellurium trichloride (111). This phase in the interaction 


Me Me . \ 
(III.) HO TeC, Hog >) TeCl, (IV.) 
\ ‘2 


has not hitherto been observed either with the other cresols or 
with the corresponding condensations between selenium oxychloride 
and the phenols. 

o-Cresol also gives rise to two isomeric di-o-hydroxyditolyl telluri- 
dichlorides A and B, one of which probably has the constitution 
indicated by formula (IV). 

The condensation with m-cresol leads to di-4-hydroxydi-2-methyl- 
diphenyl telluridichloride (V), which undergoes a remarkable change 
either on boiling with aqueous alcohol or when its solution in 
hot aqueous sodium carbonate is acidified, for by elimination of 
one-third of the tellurium from organic combination either of 
these processes leads to tri-4-hydroxytri-2-methyltriphenyltelluronium 
chloride (V1), a polar substance dissolving sparingly in hot water, 
more readily in the alcohols, but only sparingly in non-hydrolysing 
solvents. 

Me Me \ 


/ / 
| 
V.) | Hog > TeCl, — | HO, >| tec) (VE) 
\ i2 \ ‘3 
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On reduction with aqueous alkali metabisulphite the foregoing 
telluridichloride gives di-4-hydroxydi-2-methyldiphenyl telluride, 
which is also obtained in very small yield by the action of this 
reducing agent on the product of the interaction of m-cresol and 
tellurium tetrachloride. The smallness of the yield indicates that 
in all probability the effective agent in this condensation is the 
small amount of basic tellurium chloride produced by the action of 
moisture on the tetrachloride. 


EXPERIMENTAL. 


The basic tellurium chloride employed in the following con- 
densations was prepared by oxidising tellurium with nitric acid 
(d 1-42), excess of this acid being removed by repeated evaporation 
with concentrated hydrochloric acid. After a final distillation on 
the water-bath under reduced pressure the residue, which usually 
retained traces of uncombined hydrogen chloride, was caused to 
interact with the three cresols in the following manner. 

An excess of the cresol (2 to 4 mols.) having been added to the 
tellurium compound suspended in three times its weight of dry 
ether, the solvent was distilled away and the residual mixture 
maintained at 120—130° for o- or m-cresol and at 110—120° for 
p-cresol. 

1. p-Cresol Condensation.—The three products arising from the 
foregoing condensation were extracted from the mixture by success- 
ive treatment with (a) benzene, (b) chloroform, and (c) alcohol, 
the dry solvent being employed in each case. The hot filtered 
benzene extract (a) deposited a pale sage, crystalline powder, 
decomp. 229—230°, which was insoluble in the common organic 
media and was freed from more soluble impurities by several 
extractions with hot benzene (Found: Cl, 15-4, 15-45; Te, 37-25. 
C.,H,,0,Cl,Te, requires Cl, 15-2; Te, 36-5%). These analyses 
indicate a complex tri-2-hydroxytri-5-methyliriphenylielluronium tell- 
urium oxychloride, [(HO-C,H,),Te]TeOCl,, somewhat analogous to 
dimethylpyrone tellurium oxychloride (Morgan and Drew, J., 1924, 
125, 751). 

After its first separation from benzene the complex ditellurium 
compound was no longer soluble either in this solvent or in petrol- 
eum, carbon tetrachloride, or chloroform, Its original solubility 
in benzene was probably promoted by the presence in the crude 
condensation product of much unchanged p-cresol. The alcohols, 
however, decomposed the green substance into insoluble tellurium 
dioxide and a soluble white compound identified subsequently as 
tri-2-hydroxytri-5-methyltriphenyltelluronium chloride (I; see 
below). 
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Di-2-hydroxydi-5-methyldiphenyl telluridichloride (II). When the 
benzene mother-liquors from the foregoing sage-green substance 
were heated under 20 mm. pressure, unchanged p-cresol and solvent 
distilled over, leaving a black viscous tar. This was extracted 
with chloroform and the extract was added to the original chloroform 
extract (b) of the crude condensation product. The combined 
solutions were concentrated until on cooling a pink crystalline 
material separated, which after three crystallisations from chloro- 
form was obtained in colourless compact crystals, decomp. 213—214° 
(Found: C, 40-6; H, 3-4; Cl, 16-7; Te, 31-1. C,,H,,0,Cl,Te 
requires C, 40-7; H, 3-4; Cl, 17-2; Te, 30-9%). This complex 
telluridichloride was slightly more soluble in hot than in cold chloro- 
form and dissolved readily in alcohol or acetone. 

Tri - 2 -hydroxytri -5 -methyliriphenylielluronium chloride (1), 
(HO-C,H,),TeCl,2H,O, was obtained by precipitating with water 
both the original alcoholic extract (c) of the condensation mixture 
and the alcoholic extract of the sage-green complex tellurium 
oxychloride. These precipitates when crystallised from hot dilute 
alcohol were obtained in felted masses of colourless hair-like crystals 
melting somewhat indefinitely at 244—245° (decomp.) (Found: C, 
48-9; H, 4:9; Cl, 6-8; Te, 23-9. C,,H,,0,ClTe,2H,O requires 
C, 48-45; H, 4:85; Cl, 68; Te, 24-59%). The telluronium chloride 
was readily soluble in the hot alcohols but almost insoluble in 
benzene, chloroform, or carbon tetrachloride. 

2. o-Cresol Condensation.—The crude condensation product was 
extracted successively with (a) light petroleum, (b) dry benzene, 
and (c) dry chloroform, the first solvent removing any unchanged 
o-cresol. 

4-H ydroxy-3-methylphenyltellurium trichloride (III). The greyish- 
green insoluble residue from the foregoing extractions, when further 
extracted in a Soxhlet apparatus with dry chloroform containing 
5% of aleohol, yielded olive-green crystals, decomp. 208—209° 
(Found: Cl, 31-0; Te, 36-4. C,;H,OCI,Te requires Cl, 31:2; Te, 
374%). This complex trichloride was insoluble in petroleum, 
benzene, carbon tetrachloride, or dry chloroform, but dissolved in 
the last solvent when containing a little absolute alcohol. It was 
decomposed by water or moist alcohol to products soluble in hot 
water. 

Isomeric di-o-hydroxyditolyl telluridichlorides (IV). Isomeride A. 
The chloroform extract (c) of the crude condensation product on 
concentration and cooling gave a red solid which after repeated 
crystallisations from chloroform was obtained in well-defined, trans- 
parent, colourless, oblique prisms, decomp. 197—198° (Found: Cl, 
17-4; Te, 30-8. C,,H,,0,Cl,Te requires Cl, 17-2; Te, 30-9%). 
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Isomeride B. The benzene extract (b) of the crude condensation 
product when concentrated and cooled yielded a crop of the 
dichloride A, whereas the mother-liquor on addition of light petrol- 
eum gave a light grey solid which after repeated crystallisations 
from benzene separated in nodular, colourless, opaque crystals, 
decomp. 177—178° (mixed m. p. with A, 170—172°) (Found: Cl, 
16-7; Te, 30-2%). This dichloride dissolved sparingly in petroleum 
or carbon tetrachloride, but was about ten times more soluble in 
benzene or chloroform than its isomeride A. It dissolved in water 
to an acid solution from which hydrochloric acid reprecipitated the 
original dichloride. 

Unlike the following m-cresol derivative, these dichlorides are 
not readily transformed into triarylated tellurium chlorides by 
prolonged boiling with 95% alcohol or with aqueous sodium 
carbonate. 

3. m-Cresol Condensation.—The dark semi-solid condensation 
product after extraction with carbon tetrachloride left an insoluble 
green solid, which on crystallisation from absolute alcohol furnished 
primrose-yellow crystals (Found: C, 41-0; H, 3-9; Cl, 17-0; Te, 
30-6. C,,H,,0,Cl,Te requires C, 40-7 ;-H, 3-4; Cl, 17-2; Te, 30-9%). 

Di-4-hydroxydi-2-methyldiphenyl telluridichloride (V) was almost 
insoluble in benzene, chloroform, carbon tetrachloride, or ethyl 
acetate, slightly soluble in acetone, and dissolved readily in hot ec 
absolute alcohol. It readily underwent transformation into tellur- 
onium chloride when treated as follows: (a) On refluxing with 
95% alcohol, tellurium dioxide was precipitated and the tellurium te 














dichloride passed into solution, whereas on boiling with absolute cl 
alcohol more than 90° of unchanged dichloride was recovered. ta 
(6) The dichloride was dissolved in hot aqueous sodium carbonate ; ul 





when the solution was acidified with hydrochloric acid, the tellur- 
onium chloride was precipitated quantitatively. 

Tri - 4 - hydroxytri - 2 -methyltriphenyltelluronium chloride (V1), 
(HO-C,H,),TeCl,2H,O, crystallised from alcohol—petroleum in 
colourless, felted, feathery crystals, m. p. 184—185° (Found: C, C 
49-2; H, 4-8; Cl, 65; Te, 24-2; H,O, 6-5. C,,H,,0,ClTe,2H,0 
requires C, 48-45; H, 4-85; Cl, 68; Te, 24-5; H,O, 69%). This 
telluronium chloride was slightly soluble in hot water to an acid 
solution. It dissolved readily in the alcohols but only sparingly in 
ether, acetone, or chloroform. It was insoluble in carbon tetra- 
chloride, benzene, or petroleum. 





The sodium derivative of tri-4-hydroxytri-2-methyltriphenyltellur- A 
onium hydroxide, (NaO-C;H,),Te-OH, was prepared by dissolving tl 
the telluronium chloride in warm 2N-sodium carbonate or 4N-sodium h 





hydroxide. The colourless crystals which separated on cooling 
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were washed with 50% alcohol (Found: Te, 24-1, 24-05; Na, 
13:2. C,,H,,0,Na,Te requires Te, 24-0; Na, 13-0%). The air-dried 
sodium salt melted sharply at 137—138° and resolidified on further 
heating. It was sparingly soluble in water to an alkaline solution. 
Di-4-hydroxydi-2-methyldiphenyl Telluride.—Ethereal solutions of 










































Cl, m-cresol (6-5 c.c.) and tellurium tetrachloride (5-5 g.) were mixed 
um and subsequently heated for 2 hours on the water-bath. The 
> in resulting greenish-black oil was reduced with an ice-cold solution 
iter of 79% potassium metabisulphite, the product extracted rapidly 
the with chloroform, and the filtered extract concentrated. During 
evaporation the colour of the solution diminished and addition of 
are light petroleum gave felted colourless needles, which were recrystal- 
by lised from carbon tetrachloride, and then melted at 143—144° 
um (Found: C, 49-1; H, 4:2; Te, 36-8. C,,H,,0,Te requires C, 49-2; 
H, 4:1; Te, 37-3%). The telluride, which was thus obtained only 
ion in small yield (0-3 g.), dissolved sparingly in hot water to a faintly 
ble acid solution giving a wine-red coloration with alcoholic ferric 
red chloride. It was readily soluble in chloroform, benzene, acetone, 
Te, or alcohol and sparingly soluble in carbon tetrachloride or petroleum. 
a). On addition of mineral acid to an alkaline solution of this telluride 
ost a purple coloration was developed forthwith and rapidly disappeared, 
ryl the original purple prisms of the precipitated telluride becoming 
ot colourless. This colour change can be repeated indefinitely. 
ur- The small yield of organic telluride obtained in the foregoing 
ith preparation suggested that this condensation was due, not to 
im tellurium tetrachloride, but to a small amount of basic tellurium 
ite chloride formed through hydrolytic change. The reaction is cer- 
dd. tainly not due to tellurium dioxide, for this oxide was recovered 
e; unchanged after prolonged heating with m-cresol at 160—180°. 
r- CHEMICAL RESEARCH LABORATORY, 
TEDDINGTON, MIDDLESEX. [Received, August 22nd, 1929.] 
I), 
in 
0 CCLXXXIV.—Synthetical Experiments in the Chromone 
is Group. Part I. A New Synthesis of 7:8- 
id Dihydroxy-2-methylchromone and 7 : 8-Dihydroxy- 
in flavone. 
. By KrisHNASAMI VENKATARAMAN. 
p> ALTHouGH pyrogallol derivatives are found widespread in nature, 
g there are few known representatives of the benzopyran group with 
n hydroxyl groups in the positions 7 and 8 in the fused benzene 
g nucleus. Daphnetin, hematoxylin, and gossypetin would appear 
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to be the only known examples, and of these the firstis an «-pyrone, 
the second contains a reduced pyran ring, and the third is a deriy. 
ative of tetrahydroxybenzene. True flavones related to pyro. 
gallol in the manner indicated may well occur naturally, but they 
have not yet been isolated. 

It seemed of interest to prepare some members of this group in 
order to examine their dyeing properties, Perkin and Wilkinson (J., 
1902, 81, 590) having clearly indicated the nature of the effects pro. 
duced by vicinal hydroxyl groups in other positions (compare also 
Friedlander and Rudt, Ber., 1896, 29, 878). 

The synthetical method employed is an application of that devised 
by Allan and Robinson (J., 1924, 125, 2192) and by Robinson and 
Venkataraman (J., 1926, 2344). The condensation of gallaceto. 
phenone with acetic anhydride and sodium acetate and hydrolysis 
of the product led to 7 : 8-dihydroxy-2-methylchromone (I), and 
benzoylation of gallacetophenone with subsequent hydrolysis 
yielded 7 : 8-dihydroxyflavone (II). Both these substances have 
been previously synthesised by Kostanecki and his pupils (Ber., 
1903, 36, 2192, 4242), employing a different method, but their 
reactions and dyeing properties have not been fully described. 


HO O HO O 


q). 5 "OY (11) 
O 0 


A series of dye-trials was made on mordanted cotton, silk, and 
wool with the synthetic chromone and flavone and with chrysin 
for comparison. In nearly every case, 7 : 8-dihydroxy-2-methyl- 
chromone gave a darker shade than chrysin, and 7 : 8-dihydroxy- 
flavone a still darker shade. As indicated by Perkin and Wilkinson 
(loc. cit.), wool is undoubtedly better than silk or cotton for dye- 
trials of flavones, and in the present instance the differences between 
the dyeing properties of the substituted chromones were best shown 
by the wool (see Table). 7:8-Dihydroxyflavone appears to 
compare favourably with luteolin, which has two more hydroxyls 
(see Table). . 

EXPERIMENTAL. 

7 : 8-Dihydroxy-2-methylchromone (I).—An intimate mixture of 
gallacetophenone (5-0 g.) and fused sodium acetate (10-0 g.) was 
heated with acetic anhydride (50 g.) at 160—170° for 6 hours. The 
major portion of the acetic anhydride was removed by distillation 
under diminished pressure on the water-bath ; the residue was poured 
into ice-cold, very dilute hydrochloric acid and kept over-night. 
When the precipitate obtained was crystallised from aqueous methyl 
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alcohol (charcoal), yellow needles of a mixture of the dihydroxy- 
chromone and its diacetyl derivative were obtained. This was 
boiled for a few minutes with alcoholic caustic potash (5%; 10 c.c.), 
and the precipitate (2-4 g.) obtained on the addition of dilute hydro- 
chlorie acid crystallised twice from methyl alcohol (charcoal). The 
felted mass of straw-coloured, long, woolly needles had m. p. 241— 
242° (Blumberg and Kostanecki, 243°) (Found: C, 62:3; H, 4-3. 
Cale. for C,,H,O, : C, 62-5; H, 4:2%). 

The substance is insoluble in water, sparingly soluble in cold, 
and moderately readily soluble in boiling ethyl and methyl alcohols, 
in glacial acetic acid, and ethyl acetate, sparingly soluble in boiling 
benzene and chloroform, and insoluble in ether and light petroleum. 
With concentrated sulphuric acid it gives a pale yellow solution with 
a faint green fluorescence. It dissolves in cold sodium hydroxide 
solution with a colour varying from bright yellow to orange-yellow. 
An alcoholic solution gives with ferric chloride a bright malachite- 
green coloration, which is changed to reddish-violet by ammonia 
(pyrocatechol reaction). An alcoholic solution gives no precipitate 
with barium chloride, a yellow colloidal precipitate with lead 
acetate, no colour change with magnesium and hydrochloric acid, 
and a greenish-yellow coloration with sodium amalgam. On 
addition of saturated potassium acetate solution to an alcoholic 
solution of the chromone, a yellow coloration is developed and, on 
standing, a turbidity, but no well-defined potassium derivative 
could be isolated. A few drops of concentrated hydrochloric or 
sulphuric acid added to a solution of the substance in hot glacial 
acetic acid produce a bright yellow colour. 

The diacetyl derivative was prepared by treating the dihydroxy- 
chromone with boiling acetic anhydride and a few drops of pyridine 
during 2 hours. After isolation in the usual way, it crystallised from 
50% alcohol (charcoal) in long white needles, m. p. 189° after 
shrinking at 110° and losing water of crystallisation (Blumberg and 
Kostanecki give m. p. 120°) (Found in material dried at 120°: 
C, 60-9; H, 4:6. Cale. for C,,H,.0,: C, 60-9; H, 4:3%). 

7 : 8-Dihydroxyflavone (II).—To an intimate mixture of gallaceto- 
phenone (5-0 g.), benzoic anhydride (50 g.), and sodium benzoate 
(5-0 g.), heated at 180—185° and mechanically stirred, a further 
5 g. of sodium benzoate were added in the course of an hour. After 
being heated for 6 hours, the mixture was dissolved in boiling 
alcohol (290 c.c.), a solution of caustic potash (32 g. in 30 c.c. of 
water) gradually added, the whole refluxed for 30 minutes, and the 
greater part of the alcohol then distilled off under diminished 
pressure. A filtered aqueous solution of the residue was saturated 
with carbon dioxide and the precipitate obtained was washed and 
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dried (3-1 g.). The substance was dissolved in boiling glacial 
acetic acid, a few drops of concentrated sulphuric acid were added 
(the brown liquid then became intensely red), and the solution was 
treated with an equal volume of boiling water. After boiling for a 
few more minutes (charcoal), the liquid was filtered and cooled, 
depositing a felted mass of short pinkish needles. This was 
recrystallised from alcohol (charcoal) and obtained as cream- 
coloured needles, m. p. 246° (Woker, Kostanecki, and Tambor give 
239°) (Found: C, 70-6; H, 4:2. Cale. for C,;H,,0,: C, 70-9; 
H, 3-9%). 

7 : 8-Dihydroxyflavone is insoluble in water, moderately readily 
soluble in ethyl alcohol, and very readily soluble in boiling benzene ; 
sparingly soluble in ethyl] acetate in the cold and moderately readily 
soluble at the boiling point; moderately soluble in cold glacial 
acetic acid and readily soluble in the hot solvent; very sparingly 
soluble in ether and insoluble in light petroleum. The yellow 
solution in concentrated sulphuric acid exhibits a green fluorescence, 
much stronger than that shown by 7: 8-dihydroxy-2-methy]l- 
chromone. The substance dissolves in cold caustic soda solution 
with an orange-yellow colour. An alcoholic solution gives with 
ferric chloride an intense malachite-green coloration, turning violet 
on addition of ammonia; with magnesium and hydrochloric acid 
an orange coloration; with barium chloride solution a pale yellow 
turbidity, but no precipitate; with lead acetate solution a yellow 
precipitate; with sodium amalgam a slightly greenish, pale orange 
colour; with potassium acetate a yellow colour and, on standing, a 
turbidity. On addition of concentrated hydrochloric or sulphuric 
acid, the colourless solution of the substance in glacial acetic acid 
assumes a bright yellow colour, but, as in the case of the chromone, 
there is no separation of a mineral acid compound on cooling. 

The diacetyl derivative, prepared in the usual manner, crystallised 
from 70% alcohol (charcoal) in long colourless needles, m. p. 194° 
(Woker, Kostanecki, and Tambor give 193°) (Found: C, 67-1; H, 
4-1. Cale. for C,gH,,0,: C, 67-5; H, 4:1%). 

The dye-trials tabulated below were made, under conditions as 
similar as possible, with chrysin, 7 : 8-dihydroxy-2-methylchromone, 
and 7 : 8-dihydroxyflavone. 

Dye. Al. Cr. Fe. Sn. 


Cotton Chrysin. Pale yellowish- Light grey Very dark Light ash- 
brown brown grey 
Chromone. Light snuff Light grey ” Heliotrope 
with a tinge 
of violet 
Flavone. Light greyish- » 
brown but slightly 
heavier 
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Dye. Al. Cr. Fe. Sn. 
Silk Chrysin. Cream Biscuit Chocolate Pale cream 


colour 
Chromone. ‘a Cream re Cream 
Flavone. Creamy-brown Creamy- de Creamy- 
brown slightly brown 
deeper than 
above 
Chrysin. Light yellow Cream Light brown Light buff 
Chromone. Light greyish- Light grey- Dark brown- Pale 
brown ish-brown __ ish-grey coffee 
Flavone. Warm brown Warm brown Chocolate Coffee 
Luteolin. Orange-yellow Brown- Olive-black Bright 
orange yellow 


The author wishes to thank the University of Madras for a 
research fellowship which enabled him to pursue this investigation. 
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CCLXXXV.—The Chemistry of 1:3-Dicarbonyl Com- 
pounds. Part I. The Mechanism of the Cyano- 
acetamide and Cyanoacetic Ester Condensations. 


By JOGENDRA CHANDRA BARDHAN. 


WITHIN recent years a number of experiments have been placed on 
record dealing with the condensation of cyanoacetamide with 
ketonic compounds (Thole and Thorpe, J., 1911, 99, 422; Wood 
and Thorpe, J., 1913, 103, 1586; Kon and Thorpe, J., 1919, 115, 
686). The initial product of the condensation is an unsaturated 
amide (I), which usually reacts with a further molecule of cyano- 
acetamide to form a glutaric acid derivative (II), and this under the 
customary experimental conditions is converted into a cyclic imino- 


compound (III) : 
>~C=0 + CN-CH,-CO-NH, —> >{ —_—_ 
? ’ ———" 
NH,°CO-CH-CN NH,°CO-OH-C:NH 
(IT.) >C > >C NH (IIT.) 
CN-CH-CO-NH, CN-CH-CO 
In extending these investigations to @-diketones it seemed 
probable that new complications might arise owing to the occurrence 
of keto-enolic tautomerism. An unsymmetrical §-diketone, 
X-C(OH):CH-COY, where X is an electronegative group, would give 
rise to two different pyridine derivatives, 
XC—C-CN YC—C-CN 
HC< >CO and HC >CO 
YC—NH XC—NH 
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according as the molecule of cyanoacetamide reacts at the enolic 
double bond or with the carbonyl group. 

The condensation of ethyl acetylpyruvate (IV), benzoylacetone 
(V), «-propionylacetophenone (VI), and propionylacetone (VII) 
with cyanoacetamide has now been studied and the evidence 

(IV.) CO,Et-CO-CH,-CO-CH, C,H,;°CO-CH,°CO-CH, (V-) 

(VI.) C,H,-CO-CH,°CO-C,H, C,H,;-CO-CH,°CO-CH, (V11.) 
obtained strongly suggests that in each case the $-diketone reacts 
mainly in the keto-phase. When, for instance, cyanoacetamide and 
ethyl acetylpyruvate were condensed together under the conditions 
described later, the sole product was a crystalline substance (VIII). 
This was converted in the usual way into 2-chloro-6-methylpyridine- 
4-carboxylic acid (IX), the identity of which was established by 
direct comparison with a specimen prepared by the oxidation of 


‘CH—=CMe CH—CMe 
(VIII.) COE CE >NH CONC ——->N ax.) 
C(CN)-CO Ncu—CCI 


2-chloro-4 : 6-dimethylpyridine (Collie and Aston, J., 1897, 71, 
656). It follows, therefore, that the’ methylene group of cyano- 
acetamide has reacted with the keto-group adjacent to the carb- 
ethoxyl group of the ester. That the condensation product is not 
derived from the enolic form, CO,Et-C(OH):CH-CO-CHsg, through 
the occurrence of Michael’s reaction is evident from the behaviour 
of other negatively substituted 8-diketones. For instance, benzoy]- 
acetone condenses with cyanoacetamide with the production of a 
considerable quantity of 3-cyano-6-phenyl-4-methyl-2-pyridone (X) 
and a small quantity of 3-cyano-4-phenyl-6-methyl-2-pyridone (X1). 
The latter on hydrolysis yields 4-phenyl-6-methyl-2-pyridone (XII), 
the constitution of which is known (Ruhemann, J., 1899, 75, 413). 


CH:CPh CH:CMe CH:CMe 
MeCK \NH PhO \NH —> PhEE SNH 
crnv—o onv—Co CH-CO 

(X.) (XT.) (XII.) 


In the case of propionylacetophenone also the main product (X with 
Et in place of Me) is formed through the action of the methylene group 
of cyanoacetamide on the carbonyl group adjacent to the ethy] group. 
The structure of the pyridine derivative was indirectly ascertained by 
a synthesis of the isomeric compound (XIII), from cyanoacetamide 
and propionylphenylacetylene, which differed markedly from it. 

CPhiC-COEt CH-COEt /HCEt 

sa ae —> Phoge —> PhCQ ODN (XIII) 
aes aaa CN-UH-CO-NH, — CN-C—CO 





Ac 
ac’ 
an 
me 
de 
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coLr 
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In order to establish still further that the enolic forms of £-di- 
ketones do not take part in cyanoacetamide condensations, propionyl- 
acetone (VII) was next studied. A mixture of isomeric pyridine 
derivatives was obtained, in which one largely predominated, 
Were the enolic form of the 8-diketone responsible for the production 
of these substances, they should be obtained in almost equal quanti- 
ties, since there should not be any large difference in the relative 
proportions of the two forms, CH,*C(OH):CH-CO-C,H, and 
CH,*CO-CH‘:C(OH)-C,H,, into which propionylacetone could enolise. 
The principal product (XIV) of the above condensation gave on 
hydrolysis 4-methyl-6-ethyl-2-pyridone (XV). This was converted, 
through the corresponding chloro-compound, into 4-methyl-6-ethyl- 
pyridine, the identity of which was established by the preparation 
of the picrate (Tschitschibabin, J. Russ. Phys. Chem. Soc., 1924, 
54, 607; Eckert and Loria, Monatsh., 1917, 38, 226). 


asian CH=CEt 
NH Me NH (XV.) 
Nc(on)-cO Qc 


It follows from the above that the carbonyl group adjacent to 
the positive alkyl group of the 6-diketone is mainly reponsible for 
the reaction with cyanoacetamide, the actual proportion in which 
the two isomeric pyridine derivatives are produced being, however, 
determined by the relative activity of the two carbonyl groups. 
The behaviour of ethyl acetylpyruvate (IV) is different, but this is 
to be expected, because the presence of a carbethoxyl group adjacent 
to a carbonyl group greatly enhances its ketonic properties (compare 
Stewart, J., 1906, 89, 905; Kohler and Corson, J. Amer. Chem. Soc., 
1923, 45, 1976). 

By condensing ethyl cyanoacetate with acetylacetone in presence 
of diethylamine, Simonsen and Naik (J., 1915, 107, 793) obtained 
ethyl 4 : 6-dimethyl-2-pyridone-3-carboxylate : 


OH-CMe:CH:-COMe -+- CN-CH,°CO,Et —> 


CH(CN)-CO, Et C(CO,Et)-CO 
CMe<cH-CoMe © —> CMe<cH—*—cMe>NH 


(XIV.) MeC 


According to them, the first phase of the reaction consists in the 
action of the cyanoacetic ester on the enolic form of acetylacetone, 
an intermediate compound being produced which then undergoes 
molecular rearrangement with the formation of the pyridone 
derivative. Ingold (J., 1921, 119, 330), who has broadly discussed 
the mechanism of the action of ethyl cyanoacetate on keto-enolic 
compounds, considers that in all cases the unsaturated linking is 
responsible for the initial condensation, and that the elimination of 
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water is a subsequent effect. From this point of view, the experi- 
ment of Simonsen and Naik would seem to contradict the principle 
developed in this paper. The experiments of Kohler and Corson 
(J. Amer. Chem. Soc., 1923, 45, 1975) and of Lapworth and McRae 
(J., 1922, 121, 2741) have, however, shown that Ingold’s interpreta- 
tion of the mechanism of the action of cyanoacetic ester on ketones 
is unnecessary, ketones to which no enolic form can be assigned 
reacting with ethyl cyanoacetate and malonate equally readily. 
Furthermore, a satisfactory explanation of the occurrence of 
®y-unsaturated cyano-esters during the condensation of certain 
ketones with cyanoacetic ester has been advanced as a result of an 
examination of the action of these unsaturated substances on 
potassium cyanide (Kon and collaborators, J., 1923, 123, 1361 and 
subsequent papers). Although the relative ease with which ketones 
react with cyanoacetic ester is dependent on their capacity to pass 
into the enolic form, this does not mean, as Ingold supposes, that the 
reactive feature is the enolic double bond: the great activity of 
keto-enolic compounds may also be attributed to the nascent 
carbonyl group that is generated during each successive phase of the 
tautomeric interchange (compare Stewart and Baly, J., 1906, 89, 
489). 

From the above considerations it appears probable that in the 
experiment of Simonsen and Naik the $-diketone reacted in the 
ketonic form. If so, the condensation of acetylacetone with ethyl 
cyanoacetate would come into line with the reactions forming the 
subject of the present paper. Finally, in support of the mechanism 
suggested above, regarding the action of cyanoacetamide on -di- 
ketones, it may be mentioned that acetylacetone does not condense 
with «-cyanopropionamide, although the latter reacts with «f-un- 
saturated ketones in the expected way (Errera, Ber., 1901, 34, 3691). 


EXPERIMENTAL. 


Condensation of -Diketones with ‘Cyanoacetamide. General 
Method.—The 8-diketone (0-1 g.-mol.) and cyanoacetamide (8-4 g.) 
were dissolved in just sufficient warm alcohol so that cyanoacetamide 
did not crystallise on cooling. When the solution, at 40—50°, was 
treated with diethylamine (4 c.c.), it became distinctly warmer and 
within a few minutes solidified to a crystalline mass. After cooling, 
the crystals were collected and washed with a little cold alcohol. 
A further quantity of diethylamine (2 g.) was added to the filtrate 
and the product was collected after 24 hours. The process was 
repeated until no further solid could be obtained. The yields were 
good, reaching 95% in some cases. 

The cyanoacetamide was prepared by the method of Thole and 
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Thorpe (loc. cit., p. 429) and after crystallising from alcohol was dried 
in the steam-oven for several hours before being used. 

Condensation of Ethyl Acetylpyruvate with Cyanoacetamide : Ethyl 
3-Cyano-6-methyl-2-pyridone-4-carboxylate (VIII).—The ethy] acetyl- 
pyruvate was prepared by the method of Claisen and Stylo’ (Ber., 
1887, 20, 2188), the fraction, b. p. 114—115°/20 mm., being used. 
The sole product of the condensation, m. p. 217—218°, crystallised 
from 80% acetic acid (charcoal) in pale yellow needles, m. p. 219° 
(Found: C, 57-9; H, 5-0; N, 13-7. C,)>H,,O3N, requires C, 58-3 ; 
H, 4-9; N, 13-6%). It was insoluble in water, ethyl acetate, and 
light petroleum, sparingly soluble in chloroform and hot benzene, and 
readily soluble in hot glacial acetic acid and alcohol. It dissolved 
in alkali and in concentrated hydrochloric acid and was precipitated 
unchanged on acidification and on dilution with water, respectively. 

This ester could not be prepared from ethyl acetylpyruvate, 
cyanoacetic ester, and alcoholic ammonia (Guareschi’s method), but 
was obtained in almost quantitative yield when an aqueous solution 
of the ammonium derivative of ethyl acetylpyruvate (Mumm and 
Bergell, Ber., 1912, 45, 3040) and cyanoacetamide were mixed 
together. ' 

Ethyl 5-bromo-3-cyano-6-methyl-2-pyridone-4-carboxylate was 
obtained by treating the preceding ester (0-8 g.) with bromine 
(0-5 c.c.) in acetic acid and diluting the solution with water after 
12 hours. It crystallised from alcohol in prisms, decomp. 
232—233° (Found : Br, 28-4. C,,H,O,N,Br requires Br, 28-1%). 

Methylation. To a solution of sodium (0-23 g.) in methyl alcohol 
(10 c.c.), ethyl 3-cyano-6-methyl-2-pyridone-4-carboxylate (2 g.) 
was added, followed by methyl iodide (2 ¢.c.). After 12 hours, the 
clear solution was evaporated to dryness on the water-bath and the 
viscous product was extracted with chloroform, filtered, dried, and 
evaporated. The oily methylation product solidified when rubbed 
with ether, and on crystallisation from alcohol ethyl 3-cyano-1 : 6-di- 
methyl-2-pyridone-4-carboxylate was obtained in slender yellow 
needles, m. p. 177—179° (Found: N, 13-2. C,,H,,0,N, requires 
N, 12-7%). This dissolved in water and in dilute acids, the solutions 
exhibiting a violet fluorescence. 

6-Methyl-2-pyridone-4-carboxylic acid. The condensation product 
(VIII) (5 g.) was heated with 35 c.c. of concentrated hydrochloric 
acid at 150—160° for 34 hours. The acid produced crystallised from 
much water in minute prisms, m. p. 314° (Found: C, 54:6; H, 4:7; 
N, 9:3. C,H,O,N requires C, 54:9; H, 4:6; N, 92%). It was 
easily soluble in concentrated hydrochloric acid, and gave a faint 
yellow coloration with ferrous sulphate solution. (The elimination 
of the cyano-group from the condensation product under the influence 
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of concentrated hydrochloric acid is typical of the decomposition 
undergone by all the 3-cyanopyridones described in this paper.) 

The methyl ester, obtained by boiling the acid with methyl-alcoholic 
hydrochloric acid for 2 hours, separated from dilute alcohol in tufts 
of colofirless needles, m. p. 228° (Found: C, 56-9; H, 5-5. CsH,O,N 
requires C, 57-4; H, 5-4%). It was easily soluble in hot alcohol, 
sparingly soluble in cold, and fairly readily soluble in chloroform, 
benzene, or ethyl acetate. 

2-Chloro-6-methylpyridine-4-carboxylic acid (IX). Well-dried 
6-methy]-2-pyridone-4-carboxylic acid (5 g.) was moistened with 
freshly distilled phosphoryl chloride and heated to 100°, phosphorus 
pentachloride (15 g.) was then gradually added, and the temperature 
allowed to rise during } hour to 140°. The excess of phosphoryl 
chloride having been distilled off under reduced pressure, the residue 
was digested with water and crystallised from dilute acetic acid, 
2-chloro-6-methylpyridine-4-carboxylic acid being obtained in 
colourless needles, m. p. 212° (Found: Cl, 20:3; N, 84. Cale.: 
Cl, 20:8; N, 8-2%). 

Condensation of Benzoylacetone with Cyanoacetamide ; 3-Cyano- 
6-phenyl-4-methyl-2-pyridone and 3-Cyano-4-phenyl-6-methyl-2-pyri- 
done.—Benzoylacetone was prepared by Claisen’s method (Annalen, 
1898, 291, 51). 

The condensation product, obtained by heating for $ hour on the 
steam-bath, melted at 270—286° and consisted of a mixture of 
isomeric pyridine derivatives, which were separated by fractional 
crystallisation from glacial acetic acid. 3-Cyano-6-phenyl-4-methy]- 
2-pyridone (X), the chief product, was very sparingly soluble and on 
recrystallisation was obtained in nacreous plates, exhibiting a slight 
blue fluorescence, m. p. 310° (decomp.) (Found: C, 74:3; H, 4-9. 
Cale,: C, 74:2; H, 48%) (Issoglio, Atti R. Accad. Sci. Torino, 
1905, 40, 495). The methyl derivative, prepared by heating the 
condensation product with sodium methoxide and methyl iodide at 
100°, separated from glacial acetic acid in plates, m. p. 267° (Found : 
C, 74:7; H, 5:3. C,,H,.ON, requires C, 75-0; H, 5-4%). 

6-Phenyl-4-methyl-2-pyridone. 3-Cyano-6-phenyl-4-methyl- 
2-pyridone was boiled with 80% sulphuric acid for 1 hour, and the 
cooled mixture poured into water. The product slowly separated 
in clusters of long colourless needles, which after recrystallisation 
from alcohol or water melted at 182—183° (Found: OC, 77:5; 
H, 6-2. ©, ,H,,ON requires C, 77-8; H, 5:9%). The pyridone is 
easily soluble in benzene and acetone, moderately soluble in alcohol, 
chloroform, and ether, and sparingly soluble in cold water but 
easily soluble in warm. Ferric chloride imparts to its aqueous 
solution a crimson colour. It also dissolves in alkali. 
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3-Cyano-4-phenyl-6-methyl-2-pyridone (XI). The mother-liquor 
from the crystallisation of the main condensation product (described 
above) on dilution with water yielded an isomeric substance which 
after repeated crystallisation from dilute acetic acid was obtained in 
minute needles, m. p. 249° (Issoglio, loc. cit., gives 266—267°) (Found : 
C, 74-0; H, 48. Cale.: C, 74-2; H, 48%). Its constitution was 
proved by heating it with concentrated hydrochloric acid, removing 
the excess of acid on the water-bath, and nearly neutralising the 
residue with sodium carbonate. The 4-phenyl-6-methyl-2-pyridone 
obtained crystallised from alcohol in colourless needles and was 
identified by its m. p. 209° (Ruhemann, loc. cit.), analysis (Found : 
N, 7:7. Cale.: N, 7-6%), and by comparison with a specimen pre- 
pared by the hydrolysis of ethyl 4-phenyl-6-methyl-2-pyridone- 
5-carboxylate with concentrated hydrochloric acid (compare Ruhe- 
mann, J., 1899, 75, 251). 

Condensation of Propionylacetophenone with Cyanoacetamide : 
3-Cyano-6-phenyl-4-ethyl-2-pyridone.—The condensation was brought 
about as in the case of benzoylacetone. The product after repeated 
crystallisation from acetic acid yielded chiefly 3-cyano-6-phenyl- 
4-ethyl-2-pyridone, m. p. 240° (decomp.) (Found: C, 75:2; H, 5:7; 
N, 12-8. C,,H,,ON, requires C, 75-0; H, 5-4; N, 12-5%), easily 
soluble in chloroform, amyl aicohol, and acetic acid. 

Condensation of Propionylphenylacetylene with Ethyl Malonate 
and with Cyanoacetamide.—(1) Propionylphenylacetylene (Moureu 
and Brachin, Bull. Soc. chim., 1904, 31, 343 ; b. p. 140—142°/20 mm.) 
readily condensed with ethyl malonate (compare Kohler, J. Amer. 
Chem. Soc., 1922, 44, 384) when equimolecular quantities, dissolved 
in a little alcohol, were gently warmed on the steam-bath and treated 
with a few drops of sodium ethoxide solution. After cooling, the 
blood-red solution was acidified with dilute acetic acid and extracted 
with ether. The extract was washed with dilute sodium carbonate 
solution, dried, and evaporated. The residual ethyl 4-phenyl- 
6-ethyl-«-pyrone-3-carboxylate crystallised from dilute alcohol in 
pale yellow needles, m. p. 72—73° (Found: OC, 71:2; H, 5:8 
C,,H,,0, requires C, 70-6; H, 5-9%). 

(2) To the white paste of the sodio-derivative obtained by adding 
0-23 g. of sodium, dissolved in absolute alcohol, to a cooling solution 
of 0-84 g. of cyanoacetamide in 12 c.c. of boiling absolute alcohol, 
' 16 g. of propionylphenylacetylene, dissolved in alcohol, were 
gradually added with vigorous shaking. The mixture, which 
became deep red and then yellow, was left for 12 hours at room 
temperature with occasional shaking. The alcohol was then 
removed, and the condensation product isolated in the usual way. 
3-Cyano-4-phenyl-6-ethyl-2-pyridone separated from dilute acetic 
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acid (charcoal) in plates, m. p. 260° (Found: C, 75:5; H, 5-7. 
C,,H,,.ON, requires C, 75-0; H, 5-4%). 

Condensation of Propionylacetone with Cyanoacetamide : 3-Cyano- 
4-methyl-6-ethyl-2-pyridone (XIV).—Cyanoacetamide and _pro- 
pionylacetone (b. p. 159°/atm.; Morgan and Reeves, J., 1923, 123, 
447) reacted smoothly under the usual conditions, no external heat 
being necessary. The product, after being washed with a little 
alcohol and dried, melted at 210—220°. By repeated crystal- 
lisation from acetic acid, 3-cyano-4-methyl-6-ethyl-2-pyridone was 
obtained in hard oblique prisms, m. p. 240—241°, having a curious 
bluish appearance due to the reflected light. This property becomes 
noticeable after many crystallisations and is apparently a good 
indication of the purity of the specimen (Found : C, 66-4; H, 6-2; 
N, 17-5. CyH, ON, requires C, 66-6; H, 6-2; N, 17:3%). The 
cyanopyridone is almost insoluble in water, acetone, or benzene, 
sparingly soluble in alcohol, and readily soluble in chloroform, 
boiling amy] alcohol, or acetic acid. It has a bitter taste. 

4- Methyl-6-ethyl-2-pyridone (XV). The foregoing cyanopyridone 
(5 g.) was heated with concentrated hydrochloric acid (35 c.c.) at 
140—-150° for 3 hours. The excess of acid was then removed, the 
residue dissolved in water and treated with a solution of sodium 
carbonate, and the liberated base collected in chloroform. The solid 
remaining after evaporation of the chloroform crystallised from 
water in colourless needles, m. p. 144° (Found: C, 69-8; H, 8-0. 
C,H,,ON requires C, 70-1; H, 8-0%), which in aqueous solution 
gave a red colour with ferric chloride. 

2-Chloro-4-methyl-6-ethylpyridine. Phosphorus _ pentachloride 
(15 g.) was gradually added to 4-methyl-6-ethyl-2-pyridone (10 g.) 
at 140°. After 2 hours the excess of phosphoryl chloride was dis- 
tilled off under reduced pressure and the residue was carefully 
decomposed with ice-water, basified with a moderately concentrated 
solution of potash, and distilled in steam. An ethereal extract of 
the distillate, after being dried over caustic potash, gave a colourless, 
refractive oil, b. p. 124°/35 mm. and 224°/765 mm. (Found : Cl, 22-5. 
},H ,9NCl requires Cl, 22.8%). This readily dissolved in strong acids 
on warming and was reprecipitated on dilution. It did not form a 
double salt with platinic chloride. 

4-Methy1-6-ethylpyridine was obtained when a mixture of 2-chloro- 
4-methyl-6-ethylpyridine (5 g.), hydriodic acid (12 c.c.; d 1-94), 
and red phosphorus (1 g.) was heated at 175—180° for 24 hours. 
The product was diluted with water, saturated with caustic potash, 
and extracted ten times with ether. The dried ethereal solution 
on distillation gave 4-methyl-6-ethylpyridine, b. p. 172—173°, as a 
colourless oil having a disagreeable smell recalling that of picoline 
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(Found : C, 78-9; H, 9-2. Cale.: C, 79-3; H,9-1%). The picrate 
formed hard yellow prisms; after being purified from acetone and 
then from alcohol, it melted at 122—123° (Eckert and Loria, loc. cit., 
give m. p. 115—116°; Tschitschibabin, loc. cit., gives m. p. 120— 
121°) (Found: N, 16-2. Calc.: N, 160%). The reduction of the 
chloropyridine can also be effected by passing its vapour in a current 
of hydrogen over a layer of zinc dust heated to dull redness (compare 
Collie, P., 1897, 13, 44). 

Condensation of C-Ethylacetylacetone with Cyanoacetamide : 
3-Cyano-4 : 6-dimethyl-5-ethyl-2-pyridone—The condensation took 
place quite easily and the presence of a secondary carbon atom 
adjacent to the carbonyl group apparently had no marked effect on 
the course of the reaction. When the product was crystallised from 
acetic acid with the addition of a few drops of water, 3-cyano- 
4 : 6-dimethyl-5-ethyl-2-pyridone was obtained in needles, m. p. 
272° (decomp. and previous darkening) (Found: C, 68-1; H, 7-0; 
N, 16-0. C, 9H,,ON, requires C, 68-1; H, 6-8; N, 15-9%). 

4 : 6-Dimethyl-5-ethyl-2-pyridone was obtained when the above 
compound was hydrolysed with concentrated hydrochloric acid in 
the usual way. It crystallised from boiling water in colourless 
needles, m. p. 150° (Found: C, 71-2; H, 8-7. C,H,,O0N requires 
C, 71-5; H, 86%). 

Condensation of Acetylacetone with Cyanoacetamide : 3-Cyano- 
-lutidocarbostyril—The vigorous reaction was moderated by cooling 
inrunning water. The product (yield, almost quantitative) crystal- 
lised from alcohol in soft colourless needles, m. p. 289° (Found : 
C, 64-8; H, 5-5. Cale.: C, 64-9; H, 5-4%) (compare Guareschi, 
Atti R. Accad. Sci. Torino, 1893, 28, 330, 836; Moir, J., 1902, 81, 
105). 

A very good yield of ¥-lutidocarbostyril was obtained by hydro- 
lysing the above cyano-compound with concentrated hydrochloric 
acid in the usual way. It was obtained by sublimation in long 
colourless needles, m. p. 180—181° (Found: N, 11-3. Cale.: 
N, 11-4%). Its identity was also established by the formation of 
the hydrochloride, m. p. 127—128°, and the picrate, m. p. 157° 
(compare Simonsen and Naik, loc. cit.). 

Attempt to condense «-Cyanopropionamide with Acetylacetone.— 
The amide was prepared by the action of concentrated aqueous 
ammonia on ethyl «-cyanopropionate (compare Thole and Thorpe, 
loc. cit.), which was itself prepared by the method of Bone and 
Perkin (J., 1895, 67, 421). The amide separated from alcohol in 
magnificent prismatic needles, m. p. 100—101° (Found: C, 49-0, 
49-0; H, 5-9, 6-1. Cale.: OC, 49-0; H, 61%). Henry (Bull. 
Acad. roy. Belg., 1889, 25, 680) gives m. p. 81°, and Beccari 
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(Atti R. Accad. Sci. Torino, 1903, 38, 548) gives m. p. 105°. It 
could not be induced to react with acetylacetone under the usual 
conditions; even after prolonged heating, it remained practically 
unchanged. 


In conclusion, my best thanks are due to Professor J. F. Thorpe, 
C.B.E., F.R.S., for reading the manuscript and to Professor P. C. 
Mitter, M.A., Ph.D., for the facilities which he placed at my disposal 
at the commencement of this research. My thanks are also due to 
the Trustees of the Palit Fund of the Caleutta University for a 
scholarship which enabled me to undertake this investigation. 


University CoLLEGE oF ScrENCE, CALCUTTA. 
IMPERIAL COLLEGE, Lonpon, 8.W.7. [Received, August 20th, 1928.] 


OCLXXXVI.—The Partial Esterification of Polyhydric 
Alcohols. Part IX. The Discovery of the First 
True B-Ether of Glycerol. 


By ARTHUR FAIRBOURNE. 


CONSIDERABLE importance, regarding the possibilities of migrations 
of radicals in polyhydric compounds, attaches to the following series 
of reactions, by which Gilchrist and Purves (J., 1925, 127, 2735) 
prepared glycerol “ « ’-monomethy] ether. 

CH,Cl CH,Cl CH,"OAc CH,*OMe 

CH:OH —-> CH-OMe —-> CH:OMe —> CH-OH 

OH,Cl CH,Cl CH,°OAc CH,"OH 

(I.) (II.) (ITT.) (IV.) 

As mentioned in Part VIII (this vol., p. 1151), the preparation 
has been repeated, particularly with a view to confirm or disprove 
the supposed “« ” structure of (IV). 

Gilchrist and Purves found (loc. cit,) that sodium methoxide 
reacted with (I) to produce glycerol “«$ ”-dimethyl ether, and 
suggested that the-sample of (I) which they were using might be 
“interchangeable with ” its «6-isomeride. Recent work, however, 
has shown that this was not the case (Part VII, this vol., p. 129), 
and, moreover, tkat the structure of the ‘“‘ «8 ”-dimethyl ether itself 
is unproven (Part VIII, Joc. cit.). 

The only other evidence that these authors put forward in favour 
of the supposed “ « ”-structure of (IV) is its similarity in boiling point 
at reduced pressure, and in its refractive index, to the a-methy! 
ether isolated by Irvine, Macdonald, and Soutar (J., 1915, 107, 
337); this evidence is perhaps strengthened by the recent deter- 
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mination of the corresponding constants (Hill, Whelen, and Hibbert, 
J. Amer. Chem. Soc., 1928, 50, 2235; Hibbert, Whelen, — Carter, 
ibid., 1929, 54, 302) for the 8-isomeride : 


B. p- Np. 
a-Monomethyl ether 110—111°/13 mm. 11-4463; 1-4461 
Monomethyl ether of Gilchrist and 
Purves 110—112°/11 mm. 1-4462 
122—123°/13 mm. 1-4505 


’ 

On the other hand, there are two theoretical reasons, of general 
importance in connexion with the trustworthiness of accepted 
constitutions of polyhydric compounds, for believing that the 
«-ether is a very unlikely product. None of the explanations 
for the migrations of radicals in glycerol derivatives which are 
reviewed in Part VII (loc. cit.) is applicable to the formation of an 
«-methoxy-group in (IV), whereas each of the other cases of 
migration may be conveniently accounted for by one or other of 
two similar explanations considered in that paper: either by the 
formation of an intermediate «-oxide or by that of an intermediate 
«B-oxidic ring. Even the preparations, mentioned in the paper, 
of allyl alcohol and of allyl acetate from (I) can be explained in these 
ways, since epichlorohydrin has been shown (Hiibner and Miiller, 
Z. Chem., 1870, 6, 480; Claus and Stein, Ber., 1877, 10, 556; 
Kischner, J. Russ. Phys. Chem. Soc., 1892, 24, 31) to yield allyl 
alcohol under similar conditions. 

The second reason for believing (LV) to possess the 6-structure 
is that Hibbert, Whelen, and Carter (loc. cit.), in extending the 
suggestions of Irvine, Macdonald, and Soutar (loc. cit.) and of 
Peacock (J., 1915, 107, 815) towards the adoption of ethers as the 
standards of reference in work on the constitution of glycerol com- 
pounds, have drawn the conclusion that there is no case’on record 
of the migration of an alkyl group from the £- to the «-position. 
In the reactions now under consideration, however, since (II) 
retains both chlorine atoms, contains no iodine atom, and is pro- 
duced from (I) in the presence of silver hydroxide and methyl! 
iodide in excess, it is clear that no intermediate «$-oxide (involving 
the elimination and absorption of hydrogen chloride or methyl 
chloride) could occur, and that (II) must therefore have the struc- 
ture assigned to it, a conclusion confirmed by its exhibiting different 
properties from those of the «-methoxy-isomeride (see p. 2234). 
Hence, either Gilchrist and Purves are wrong in assigning the 
«-Structure to (IV), or else a case of the migration of a methoxy- 
group of the type which Hibbert, Whelen, and Carter have been 
unable to discover is clearly established in a series of reactions which 
they quote. 
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The experimental results now recorded confirm decisively. that 
(LV) has the 8-structure, and the following facts therefore emerge 
from this discovery : 

(1) The recent isolation by Hill, Whelen, and Hibbert of the first 
true $-ether of glycerol has been anticipated by Gilchrist and Purves, 
who synthesised the same 8-methyl ether three years earlier (by a 
process, moreover, which is free from the difficulty of fractionating 
similar isomerides), but mistakenly recorded their experiment as a 
failure instead of as a success. 

(2) The conclusion of Hibbert, Whelen, and Carter, that Irvine, 
Macdonald, and Soutar were correct in supposing that methoxy- 
groups would not migrate in glycerol molecules, is confirmed by 
the satisfactory disposal of the only case discovered in the literature 
in which such migration would have had to be admitted. 

(3) All the remaining cases of migrations of radicals reviewed in 
Part VII (loc. cit.) may now be accounted for by a combination of 
two of the explanations discussed in that paper. 

(4) Chlorohydrins, instead of being unsuitable initial materials 
for the syntheses of glycerol ethers (Gilchrist and Purves, loc. cit. ; 
Hill, Whelen, and Hibbert, loc. cit.), can now be made to yield either 
a- or $-ethers at will. In this connexion, the corresponding hydro- 
lysis of methylated «-monochlorohydrin (Blanchard, Bull. Soc. 
chim., 1927, 41, 824) has been investigated with the three-fold object 
(i) of isolating the true glycerol «@-dimethyl ether; (ii) of proving 
the identity of the latter with the product obtainable by the further 
methylation of the 8-monomethy] ether : 


OH,Cl OH,Cl CH,-OH CH,OH 
OH-OH —> CH-OMe —> (CH-OMe <— (H-OMe 
CH,-OH CH,-OMe CH,*OMe CH,-OH 


and (iii) of thus discovering the standard of reference for work on 
the configuration of glycerol derivatives, shown in Part VIII (/oc. 
cit.) to be still unknown. There is also evidence that ethers of the 
unknown type can occur as by-products in preparations from sodium 
glyceroxide by the method previously described (J., 1921, 119, 
1035 ; 1925, 127, 2759). A further communication on this subject 
will be made later. 
EXPERIMENTAL. 

By-Dichloro-«-methoxypropane, CH,Cl-CHCl-CH,-OMe.—Chlorine 
was gradually passed, at laboratory temperature, into a dilute 
ethereal solution of methyl allyl ether, prepared by the method of 
Henry (Ber., 1872, 5, 449), the resulting Sy-dichloro-«-methoxypropaneé 
being isolated by washing with water, drying with calcium chloride, 
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and fractionating at 56°/27 mm.; b. p. 158°, d 1-162, 2 1-443 (Found : 
Cl, 49-5. C,H,OCl, requires Cl, 49-65%). The structure of this 
ether is established by its difference from the following isomeride. 

ay - Dichloro - 8 - methoxypropane, CH,Cl-CH(OMe)-CH,Cl.—The 
sample of this ether used in the investigation was prepared by the 
method of Gilchrist and Purves, but, as already explained, these 
authors were presumably of opinion that the product would be found 
identical with the ether described above. Its properties were satis- 
factorily in accordance with those recorded by Hess and Fink (Ber., 
1915, 48, 1986) and Blanchard (loc. cit.), whose products, however, 
are also dependent upon the doubt expressed by Gilchrist and 
Purves: b. p. 160°, d 1-21, n 1-453. That the ether is a definite 
compound, differing from the «-methoxy-isomeride, is now made 
clear, and is decisively confirmed by its hydrolysis to glycerol 
8-monomethyl ether, as described below. 

Glycerol §-Monomethyl Ether, CH,(OH)-CH(OMe):CH,-OH.— 
Attempts to obtain the supposed “ « ’”’-monomethy] ether of Gilchrist 
and Purves by direct hydrolysis of wy-dichloro-8-methoxypropane 
with aqueous sodium hydroxide were unsuccessful, although analysis 
showed that the chlorine was slowly eliminated. Darkening and a 
loss of organic material occurred. It is suspected that the trouble 
may be due to an escape of the volatile «y-glycide, since no inter- 
mediate formation of epichlorohydrin is possible : 


CH,Cl ron , H, 

CH-OMe —-> CH-OMe —> oC Groat 

CH,Cl CH,Cl H, 
Gilchrist and Purves do not state the proportion of alcohol they 
employed in their indirect hydrolysis. With 25%, two layers 
persisted after many hours’ heating, and in no conditions yet tried 
has anything more than a very small yield been obtained. 

This supposed ‘ « ’’-ether has, however, definitely been shown 
to be the 8-ether by converting it into its di-p-nitrobenzoate, as 
described by Hibbert, Whelen, and Carter (loc. cit.), m. p., alone or 
mixed with an authentic specimen prepared. from the true (-ether, 
155°. A specimen prepared from the true «-ether for comparison 
melted at about 108°. 


The author is indebted to the Chemical Society for a grant which 
has partly met the expenses incurred in this work. 


Krtne’s Cottear, Lonpon. [Received, June 22nd, 1929.] 
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CCLXXXVII.—The Constitution of the Glycero- 
phosphates. 


By Dovetas Wiui14mM Hitt and Frank LEE PyMAn. 


Some years ago King and Pyman (J., 1914, 105, 1238) synthesised 
salts of both «- and 8-glycerophosphoric acids and showed that the 
commercial crystalline sodium salt first introduced by Poulenc 
Fréres was sodium (-glycerophosphate. They synthesised calcium 
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( 
«-glycerophosphate by the action of trisodium phosphate upon é 
«-monochlorohydrin and treatment of the product with calcium c 
chloride and represented the reaction by the scheme (1). ] 
(1) OH-CH,°CH(OH)-CH,Cl ++ (NaO),PO —> t 
OH-CH,-CH(OH)-CH,-0-PO,Ca , 
The calcium salt so prepared was well crystallised, forming square p 
leaflets, containing 0-99% H,O, and had the solubility 1:9% (i.e., ¢] 
grams contained in 100 c.c. of aqueous solution); the corresponding J 
quinine salt became transparent at 153—156°. Later, Bailly ly 
(Compt. rend., 1915, 160, 663) prepared calcium «-glycerophosphate pl 
by oxidising sodium allyl phosphate with potassium permanganate 
and converting the product into the calcium salt; he found the 
solubility to be 4:95% at 15°. Ina later quantitative study (Compt. 
rend., 1915, 161, 677) of the interaction of trisodium phosphate and 
«-monochlorohydrin he found that whilst the reaction proceeds 
rapidly as regards the formation of sodium chloride and the destruc- th 
tion of trisodium phosphate, which are in molecular agreement th 
throughout, the formation of sodium glycerophosphate takes place wif 
much more slowly, and he considered that its formation took place, of 
at least in part, according to equations (2) and (3). tn 
(2) Na,PO, 4+- CH,Cl-CH(OH)-CH,°OH = Jon anl 
Mr Na,HPO, -}+ NaCl + CH,°CH-CH,-OH Ca, 
(3) CH,-CH-CH,-OH -++ Na,HPO, = an 
Na,PO,-O0-CH,°CH(OH)-CH,-OH ne 
He found confirmation of this view in the fact that he was able to calc 
prepare calcium glycerophosphate from glycide and disodium calc 
phosphate, and considered that his results threw doubt on the salt 
structure of King and Pyman’s «-glycerophosphate, since in his view 





the addition of disodium phosphate to glycide might yield either the 
a- or the 8-glycerophosphate. As a matter of fact, he found (Ann. 
Chim., 1916, 6, 123) that the glycerophosphate from glycide and 
disodium phosphate gave the reactions of the «-salt intensively. 
It is conceivable, however, that if the mechanism of the reaction is 
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as Bailly suggests, a small proportion of the $-salt might also be 
formed, and in this case the calcium a-glycerophosphate of King 
and Pyman might not be pure. On the other hand, the calcium 
a-glycerophosphate of King and Pyman is not more, but less soluble 
in water than that of Bailly, and would therefore appear to be the 
purer of the two. It is, moreover, not unlikely that a glycero- 
phosphate formed by oxidising an allyl phosphate with permanganate 
might be contaminated by traces of the corresponding keto-acid or 
other impurities. The matter thus called for further investigation, 
and the present authors have now repeated the preparation of calcium 
a-glycerophosphate by the methods of King and Pyman and of 
Bailly, and in addition have employed a third method, since described 
by Fischer and Pfahler (Ber., 1920, 53, 1606), which is not open to 
the criticisms applicable to the methods of King and Pyman and of 
Bailly. This method comprises the formation of barium isopro- 
pylidene «-glycerophosphate from isopropylideneglycerol (of which 
the constitution was established by Irvine, Macdonald, and Soutar ; 
J., 1915, 107, 337) and phosphorus oxychloride, followed by hydro- 
lysis of the product with the formation of barium «-glycero- 
phosphate : 

(4) OH,-CH-CH,-O-PO,Ba 

Oo O 


“Ye 


The products prepared by the three methods were converted into 
the calcium and quinine salts for comparison and it became apparent 
that the products of King and Pyman and of Fischer and Pfahler 
were identical and different from that of Bailly. The calcium salts 
of King and Pyman and of Fischer and Pfahler were indistinguishable 
in appearance, crystallising in small plates which were almost 
anhydrous (Found respectively : H,O, 0-8 and 0-7; in dried salt, 
Ca, 19-1 and 19-0. Cale.: Ca, 19-1%). The calcium: salt of King 
and Pyman had the solubility 1-8% at 18°, when prepared as 
described by these authors, but when it was prepared from the 
barium salt by treatment with sodium carbonate, followed by 
calcium chloride, the solubility was found to be 2-6% at 18°. The 
calcium salt similarly prepared from Fischer and Pfahler’s barium 
salt had the solubility 2-5% at 18°. When mixed with quinine 
hydrochloride, both salts gave a crystalline precipitate of quinine 
«-glycerophosphate of m. p. 152—153°, which readily gave pure 
quinine «-glycerophosphate of m. p. 153—154° on crystallisation. 
The preparation of quinine «-glycerophosphate, m. p. 155°, from 
Fischer and Pfahler’s barium «-glycerophosphate has already been 
recorded by Karrer and Benz (Helv. Chim. Acta, 1926, 9, 23). 

4G 


—+ CH,(OH)-CH(OH)-CH,O-PO,Ba 
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Bailly has stated that when calcium «-glycerophosphate is prepared 
by the method of King and Pyman, but is precipitated by alcohol 
instead of by heating an aqueous solution; the product has a ‘solu- 
bility of 4.6%. We are unable to confirm this result, the procedure 
in our hands leading to a calcium «-glycerophosphate containing 
1-7% H,0 and of solubility 2-0% at 18°. 

The calcium salt prepared by Bailly’s method, namely, by the 
oxidation of sodium allyl phosphate and conversion into the calcium 
salt, was-a white powder of doubtfully crystalline structure. It 
contained 1 molecule of water of crystallisation (Found : H,0, 7-0; 
in dried salt, Ca, 19-1. Cale.: Ca, 19-1%), and its solubility in 
water was 40%. On crystallisation from water it gave a salt of 
more definitely crystalline structure and of lower solubility. When 
mixed with quinine hydrochloride, it gave a crystalline deposit of 
quinine glycerophosphate melting over a wide range, about 135— 
145°.. This salt was difficult to purify, but after several crystal- 
lisations from 20% alcohol it gave in 10% yield a quinine salt of 
m. p. 153—154°. The calcium salt was prepared from the purified 
quinine salt by adding sodium hydroxide, extracting quinine by 
means of ether, and adding calcium chloride. It resembled King and 
Pyman’s salt in its solubility (1-8%) and was definitely crystalline, 
but it contained considerably more water of crystallisation (H,O, 
6-0%). It has been recorded earlier that Bailly was able to prepare 
a calcium glycerophosphate from the products of interaction of 
glycide and disodium phosphate. This contained 1H,O and its 
solubility was 4-7% at 15°. 

It appears to us that the conclusions to be drawn from these 
results are that pure a-glycerophusphates can be prepared by the 
methods of King and Pyman and of Fischer and Pfahler, and that 
the characteristics of calcium «-glycerophosphate described by King 
and Pyman are those of the pure salt. The calcium «-glycero- 
phosphate prepared through the barium salt by the methods of 
King and Pyman and of Fischer and: Pfahler, having a greater 
solubility (2-6%) than that of King and Pyman, also appears to be 
a pure salt, judging from its crystalline form and conversion into a 
homogeneous quinine salt, and we regard it as another modification. 
For Bailly’s calcium «-glycerophosphate containing 1H,O and of 
much greater solubility (4-95°%) there remain the two possibilities 
(1) that it is a third form of pure calcium «-glycerophosphate, and 
(2) that it is impure. The character of the quinine salt prepared 
from it strongly bears out the latter alternative. 


Research LasoraTories, Messrs. Boots Pure Drue Co., Lrp., 
NOTTINGHAM. [Received, September 5th, 1929.] 
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CCLX XX VIII.—Synthesis of Glucosides. Part III. 
Synthesis of Glucosides of Hydroxyxanthones. — 


By ALEXANDER RoBertson and Roy Basi Waters. 


THE preparation of the glucosides described in this communication 
was undertaken as a preliminary step in the investigation of the 
naturally occurring hydroxyxanthone derivatives euxanthic acid, 
gentiin (Tanret, Compt. rend., 1905, 141, 207), and mangiferin 
(Boorsma, Bull. Dep. Agric. Ind. Néerl., 1908, 16). The O-tetra- 
acetyl 8-glucosides of 2- and 4-hydroxyxanthone (Ullmann and 
Zlokasoff, Ber., 1905, 38, 2111) and of euxanthone (Ullmann and 
Panchaud, Annalen, 1906, 350, 108) have been prepared. Removal 
of the acetyl groups was best effected by means of warm methyl- 
alcoholic potassium hydroxide solution and 2- and 4-8-glucosidoxy- 
xanthone and 7-$-glucosidoxy-1-hydroxyxanthone, which corresponds 
to the naturally occurring glycuronate euxanthic acid, were thus 
obtained. These glucosides are readily hydrolysed by emulsin as 
well as by mineral acids. 

Since euxanthone when methylated with methyl iodide and alkali 
(von Kostanecki, Ber., 1894, 27, 1992) gives rise to the 7-methyl 
ether, it appeared likely that the glucose residue of (V) was also 
attached at the same position. 1-Hydroxyxanthone (Dimroth, 
Annalen, 1925, 446, 97) and 1-hydroxythioxanthones (Roberts and 
Smiles, this vol., p. 1322) form boroacetates, and hence it seemed 
probable that a substance of formula (V) would yield a derivative 
on treatment with boroacetic anhydride. Although the pale yellow 
solution of either euxanthone glucoside or its acetyl derivative in 
acetic anhydride assumed a deep orange colour on the addition of 
boroacetic anhydride, a solid boroacetate could not be isolated ; 
the deep orange-coloured solutions became pale yellow on the 
addition of water. Euxanthone itself on treatment with this 
reagent undergoes simultaneous acetylation with the formation of 
the diacetoborate of acetyl euxanthone (I). This substance un- 
doubtedly possesses a chelate structure (compare Dimroth, loc. cit. ; 
Smiles and Roberts, loc. cit.). 

The boroacetate is readily decomposed by warm water and is thus 
a convenient source of pure 1-hydroxy-7-acetoxyxanthone (II). 
Methylation of (Il) by means of methyl iodide and silver oxide 
afforded the methyl ether (III), which on hydrolysis gave 7- hydroxy- 
l-methoxyxanthone (IV). The latter, unlike the isomeric ether 
described by von Kostanecki (loc. cit.), is readily soluble in dilute 
aqueous alkali. Attempts to methylate (II) in ethereal solution 
with diazomethane failed, but the reaction proceeded in the normal 





2240 ROBERTSON AND WATERS: SYNTHESIS OF GLUCOSIDES. 


manner when a mixture of nitrobenzene and ether was used as the 
solvent. The crude product on deacetylation gave the methy] 
ether (IV). The isolation of the substance (IV) as a product of 
the hydrolysis of the ether (VI), obtained by methylation of the 
glucoside (V), finally afforded conclusive proof of the structure 
of (V). 

O 


O Oo 
wh) “a * Ac 
C | O OH O OMe 
i) oO Oo 


(II.) (III.) 


7 
B(OAc), 
O 


O 
O OH Oo O OMe 
(V.) IV.) 


(VI) 
[X = C,H,0(OAc),"] 


As the glucosides were not sufficiently soluble in ordinary solvents 
at room temperature,their specific rotations could not be determined ; 


the constants of the acetyl derivatives in acetone are recorded. 

As the yields in the synthesis of euxanthone by Ullmann’s method 
are somewhat disappointing, this substance was also obtained by 
the hydrolysis of euxanthic acid, for which a convenient method 
(avoiding the use of a sealed tube) is described. 


EXPERIMENTAL. 


2-0-T etra-acetyl-8-glucosidoxyxanthone.—To a solution of 2-hydr- 
oxyxanthone (3-5 g.) in a mixture of acetone (90 c.c.) and 0-7% 
aqueous sodium hydroxide solution (85 c.c.) cooled to 10°, O-tetra- 
acetyl-«-glucosidyl bromide (5 g.) was added in one portion. The 
solution was maintained at 10—12° for 8 hours and then 6% sodium 
hydroxide solution (7-5 c.c.) and a further quantity of the bromide 
(4 g.) were added with vigorous agitation for } hour. After 12 hours 
at room temperature, the glucoside, mixed with unchanged 2-hydroxy- 
xanthone, had separated. The mixture was acidified with dilute 
acetic acid and the solid was collected, washed with water, and 
recrystallised from methyl alcohol, from which 2-O-tetra-acetyl-j- 
glucosidoxyxanthone (3-5 g.) separated in colourless needles, m. p. 
173°, [«]§° — 36-4° in acetone (Found: C, 59-7; H, 4-8. C©,,H,,0,. 
requires C, 59-8; H, 48%). This substance is moderately easily 
soluble in alcohol and insoluble in ether. 
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Unchanged 2-hydroxyxanthone was recovered from the reaction 
mixture after separation of the glucoside and removal of the acetone. 
2-8-Glucosidoxyxanthone.—The tetra-acetyl glucoside (2 g.), sus- 
pended in methyl alcohol (10 c.c.), was treated with 5% methyl- 
alcoholic sodium hydroxide solution (40 c.c.) at 60° for 5 minutes. 
The cooled mixture after acidification with glacial acetic acid was 
kept at room temperature for 48 hours; 2-8-glucosidoxyxanthone 
(1-4 g.) then separated as a solid. Recrystallised from methyl 
alcohol, it formed colourless needles, m. p. 237° (Found in material 
dried at 110°: C, 60-9; H, 4-8. C,,H,O, requires C, 61-0; H, 
4:8%). On acetylation with acetic anhydride and sodium acetate 
the glucoside was quantitatively converted into the tetra-acetyl 
derivative, m. p. and mixed m. p. 173°. It is readily hydrolysed by 
warm 15% hydrochloric acid and by emulsin in aqueous solution at 
37—38° to 2-hydroxyxanthone and glucose. 
4-0-Tetra-acetyl-8-glucosidoxyxanthone.—This was prepared in the 
same way as the 2-isomeride and separated gradually when the 
homogeneous solution was kept at 10—12° for 24 hours. After 
acidification with dilute acetic acid the solid (4 g.) was collected, 
washed with water, and crystallised from warm methyl alcohol, 
from which it separated in colourless elongated prisms, m. p. 199— 
200°, [«]%” — 31-8° in acetone (Found: C, 59-8; H, 48%). The 
substance is slightly soluble in alcohol and in ether. Unchanged 
4-hydroxyxanthone was recovered from the acetone—water residues. 
4-8-Glucosidoxyxanthone.—The tetra-acetyl glucoside was de- 
acetylated, and the product isolated, in the way described above. 
The 4-8-glucosidoxyxanthone obtained crystallised from 60% acetic 
acid in colourless needles (4 g.), m. p. 274° (decomp.) (Found : 
C, 60-9; H, 48%). This substance is slightly soluble in cold 
alcohol and readily soluble in warm alcohol or water. It is hydro- 
lysed by warm 15% hydrochloric acid and by emulsin in aqueous 
solution at 37—38° to 4-hydroxyxanthone and glucose. Acetylation 
gave the tetra-acetyl derivative, m. p. and mixed m. p. 199—200°. 
Hydrolysis of Euxanthic Acid.—The acid (10 g.), suspended in 
25° sulphuric acid, was heated under reflux for 5 hours.. The 
mixture was then kept in the ice-chest for 24 hours; after the 
addition of ice-water (200 c.c.), the euxanthone was collected and 
recrystallised from toluene, forming orange needles (5 g.), m. p. 240°. 
7-0-T etra-acetyl--glucosidoxy-1-hydroxyxanthone (V).—O-Tetra- 
acetyl-«-glucosidyl bromide (5 g.) was added to a solution of 
euxanthone (3-5 g.) in a mixture of acetone (75 ¢.c.) and 1:3% 
aqueous sodium hydroxide (50 c.c.) cooled to 12°. After 48 hours, 
6° aqueous sodium hydroxide (7 c.c.) and a further quantity of 
the bromide (3-5 g.) were added to the reaction mixture (agitation), 
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which was then kept at room temperature for 24 hours. The 
tetra-acetyl glucoside (V) separated and, on recrystallisation from 
alcohol, formed pale yellow, elongated prisms, m. p. 176—177°, 
[a}i’ — 33-4° in acetone (Found: C, 58-0; H, 4-7. €©,,H,,0,, 
requires C, 58-1; Hj 4:7%). This tetra-acetyl derivative on acetyl- 
ation with acetic anhydride and sodium acetate gave 7-O-tetra- 
acetyl-8-glucosidoxy-l-acetoxyxanthone, which separated from warm 
80%, acetic acid in colourless slender needies, m. p. 211°, [a]i 
— 34-2° in acetone (Found: C, 58-0; H, 4-7. C,,H,,0,, requires 
C, 580; H, 47%). When synthetic euxanthone (Ulhnann and 
Panchaud, loc. cit.) was used, the same tetra-acetyl glucoside was 
obtained, m. p. 176—177°, which on acetylation gave the penta- 
acetyl derivative, m. p. 211°. 

Unchanged euxanthone was recovered from the acetone—water 
residues. 

7-B-Glucosidoxy-|-hydroxyxanthone.—De-acetylation was effected 
by the addition of warm 10% methyl-alcoholic sodium hydroxide 
(20 c.c.) to a suspension of the tetra-acetyl derivative (2 g.)in warm 
methyl alcohol (10 ¢.c.). The solid rapidly dissolved and the bright 
orange solution was maintained at 60° for 5 minutes. After 
acidification with glacial acetic acid and addition of water (30 c.c.) 
the solution slowly deposited 7-8-glucosidoaxy-1-hydroxyxanthone as 
a solid, which separated from warm methy] alcohol in yellow needles, 
m. p. 218—219° (Found: C, 58-5; H, 47. C,,H,,0, requires C, 
58-5; H, 46%). This glucoside is readily soluble in hot alcohol 
and in warm water. Acetylation with acetic anhydride and sodium 
acetate gave the penta-acetyl derivative, m. p. 211°. It is hydro- 
lysed by warm 15% hydrochloric acid and by emulsin in aqueous 
solution at 37—38° to glucose and euxanthone. 

1-Hydroxy-7-acetoxyxanthone Diacetoborate (I).—A mixture of 
euxanthone (2 g.) and boroacetic anhydride (3 g.) in acetic anhydride 
(10 c.c.) was heated under reflux for 5 minutes, and on cooling the 
diacetoborate of 7-acetyl euxanthone (1) separated in golden needles, 
which were collected, washed with anhydrous ether, and dried over 
sulphuric acid for 2 hours. The substance was decomposed by 
boiling water, yielding 1-hydroxy-T-acetoxyxanthone (II), which 
crystallised from warm alcohol in elongated yellow prisms, m. p. 160° 
(Found: C, 66-7; H, 3-8. C,;H,,0; requires C, 66-8; H, 3-7%). 
Analysis of the diacetoborate was made by decomposing it with 
warm water and weighing the acetyl euxanthone [Found : C,;H,,0;, 
67-5. C,;H,O;-B(O-CO-CH,), requires C,;H,,0;, 67-7%]. 

7-Hydroxy-1-methoxyxanthone (IV).—(A) A suspension of 1-hydr- 
oxy-T-acetoxyxanthone (1 g.) and active silver oxide (2 g.) in a 
mixture of acetone (15 c.c.) and methyl iodide (2 g.) was heated 
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under reflux for 12 hours. After filtration the residue was extracted 
with warm acetone (15 c.c.), and on addition of ice-water (200 c.c.) 
to the combined filtrates 7-acetoxry-1-methoxyxanthone (III) separated. 
Crystallisation, from 50° methyl aleohol gave the substance (1 g.) 
in almost colourless plates, m. p. 176° (Found: C, 67-7; H, 4-3. 
Ci6H;.0, requires C, 67-6; H, 42%). A solution of this acetyl 
derivative (1 g.) in 10% methyl-alcoholic potassium hydroxide was 
kept at room temperature during 3 hours and then acidified with 
glacial acetic acid. Water (150 c.c.) was added and 7-hydroxy- 
1-methoxyxanthone (IV) (0-8 g.) separated, which on recrystallisation 
from 50% methyl alcohol and then from benzene was obtained in 
pale straw-coloured, rectangular plates, m. p. 235° (Found : C, 69-4; 
H, 4:4. ©,,H,.0, requires C, 69-4; H, 4:1%). This ether is 
readily soluble in aqueous alkali, forming an orange solution. 

(B) To a solution of 1-hydroxy-7-acetoxyxanthone (0-5 g.) in 
pure anhydrous nitrobenzene (30 ¢.c.), diazomethane (0-2 g.) in 
ether (15 c.c.) was added; a brisk evolution of nitrogen followed. 
After 12 hours, the ether and nitrobenzene were removed in a 
current of steam, the solid residue was dissolved in 10% methyl- 
alcoholic potassium hydroxide (20 c.c.), and the solution kept at 
room temperature for 3 hours. On acidification with glacial acetic 
acid and addition of water (150 c.c.) 7-hydroxy-1-methoxyxanthone 
(IV) separated, which on crystallisation from 50% methyl] alcohol 
and then from benzene was obtained in pale straw-coloured plates, 
m. p. and mixed m. p. 235°. 

7-O-Tetra-acetyl - 8 -glucosidoxy-1-methoxyxanthone (V1).—Silver 
oxide (0-5 g.) and methyl iodide (0-5 g.) were added to a solution 
of 7-0-tetra-acetyl-8-glucosidoxy-l-hydroxyxanthone (V) (0-7 g.) 
in acetone (20 c.c.), and the mixture heated under reflux for 12 hours. 
After separation from silver salts (washing with acetone) the solvent 
was removed by distillation, and the residue triturated with water. 
The solid obtained, on crystallisation from warm 60% methyl 
alcohol, gave the methyl ether (VI) (0-7 g.) in colourless plates, 
m. p. 166—168° (Found: C, 58-8; H, 5-0. C,,H,,0,, requires 
C, 58:7; H, 4:9%). A solution of this substance (0-6 g.) in a 
mixture of methyl alcohol (10 c.c.) and concentrated hydrochloric 
acid (10 c.c.) was heated under reflux for 3 hours. Water (150 c.c.) 
was added to the cooled solution and 7-hydroxy-1-methoxyxanthone 
(IV) gradually separated, m. p. 235° after crystallisation from benzene. 


The authors wish to express their thanks to the Chemical Society 
for grants which have partly defrayed the cost of this investigation. 


East Lonpon COLLEGE, 
UnIvERSITY OF LONDON. [Received, August 13th, 1929.] 
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CCLXXXIX.—Studies in the Sterol Group. Part V. 
The Constitution of Cholesterilene. 


By Atut CHanpra BosE and Witiiam Doran. 


It was pointed out by Heilbron, Morton, and Sexton (J., 1928, 47) 
that the absorption spectrum of cholesterilene closely resembles 
that of ergosterol, and it was inferred that, of the three double bonds 
in the latter compound, two occupy the same positions as in choles- 
terilene. This inference has since been supported by Rosenheim 
(Biochem. J., 1929, 23, 50). Is was also shown (Heilbron and Sexton, 
J., 1928, 347) that one of the ethenoid linkages in cholesterilene must 
occupy the same position as in y¥-cholestene (I) (see also Rosenheim, 
loc. cit.). 
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A review of the literature of cholesterilene reveals, as shown in 
Table I, a considerable divergence between the data recorded by 


various investigators. 


(The product obtained in the experiments 


of Tschugaev and Fomin consisted of 66% of «- and 33% of 


8-cholesterylene.) 


Author. 
Mauthner & Suida (Mon- 
aish., 1896, 17, 29). 
Mauthner & Suida (Mon- 
atsh., 1903, 24, 660). 


> 99 ”? 


Bloch (Bull. Soc. 
1904, 31, 73). 
Tschugaev & Gasteff (Ber., 

1909, 42, 4631). 
Tschugaev & Fomin (An- 
nalen, 1910, 375, 288). 


chim., 


Steinkopf & Bliimner (J. 
pr. Chem., 1911, 84, 
466). 

Steinkopf (J. pr. Chem., 
1920, 100, 70). 


9? 9? 9? 


Fantl (Monatsh., 1926, 47, 
251). 


TABLE I, 


Reaction. 


Cholesterol + anhydrous 
CuSO, at 200°. 
Cholesteryl chloride 
heated with lime. 
Cholesteryl chloride 
heated with quinoline. 
Cholesteryl phenyl- 
urethane heated. 
Methyl] cholestery]- 
xanthate heated. 
Methy! cholesteryl- 
xanthate heated in a 
vacuum at 200°. 
Cholesteryl chloride + 
potassium cholesterol- 
ate heated with Zn dust. 
Cholesterol + kieselguhr 
heated in a vacuum at 
300°. 
Cholesteryl chloride dis- 
tilled at 200°. 
Cholesterol + Zn dust 
distilled at 10 mm. 
pressure. 


a-Cholesterilene. 
M. p. [a],. 
78° — 81-63° 


79 — 61-55 
77 — 86-09 
75 — 
77 —107 


—109-3 (a) 
— 76-68 (8) 


—116-2 


— 46-6 


— 47-04 
— 4-49 
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Some of these discrepancies may, as suggested by Mauthner and 
Suida (loc. cit.), be explained by stereochemical considerations such 
as racemisation of one or more of the asymmetric carbon atoms in 
the molecule, and yet a further complication arises through the 
well-known tendency of compounds in the sterol group to form 
“mixed crystals’ containing in various proportions isomerides of 
different rotatory. powers. The chemistry of cholesterilene also 
becomes involved for other reasons: for instance, it would appear 
that the so-called «- and 8-cholesterylenes of Tschugaev and Fomin 
(loc. cit.), to which the formule (II) and (III) were ascribed, are 
structurally different from the cholesterilene of Mauthner and Suida, 
since they are stated to yield only cholestane upon hydrogenation, 
whereas Windaus and Seng (Z. physiol. Chem., 1921, 117, 158) have 
shown that cholesterilene prepared according to Mauthner and 
Suida’s copper sulphate method yields both cholestane and 
4-cholestane. 


C,7H32 
een 


CH CH 


H, , H, “ (III.) 
C|H 

HO. CH O04 
CH CH 


Apart, therefore, from any question of stereoisomerism, the 
evidence to be adduced from the foregoing suggests the existence 
of three structurally different cholesterilenes. 

Before accepting these conclusions, the authors deemed it advis- 
able to re-examine the whole question, particularly from the 
standpoint of hydrogenation. The experiments of Tschugaev and 
Fomin have been repeated and extended and it has been found that 
the so-called ‘‘ 8-cholesterylene ”’ is not a definite compound and 
when care is taken to eliminate every trace of sulphur from the 
reaction product, only the hydrocarbon of m. p. 79—80° can be 
isolated. ; 

The experiments described in this paper also place beyond all 
doubt the identity of the hydrocarbons prepared by Mauthner’s 
and by Tschugaev’s process, for when hydrogenated under precisely 
similar conditions each yielded a mixture of cholestane and ¥-chole- 
stane. The name “ cholesterylene’’’ should therefore be deleted 
from the literature, and since it has been shown that only one 
hydrocarbon C,,H,, (m. p. 79—80°, levorotatory) containing two 
ethenoid linkages has up to the present been obtained from chole- 
sterol by any of the simple reactions outlined above (Table I), this 
hydrocarbon should be designated cholesterilene without qualification. 

4qa2 ‘ 
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Assuming, as seems probable, that during the reactions involved 
no change takes place in the position of the double bond originally 
present at 6:7, there are two possible structures for cholesterilene 
(IV and V), either of which is in agreement with the production, on 
hydrogenation, of . the stereoisomeric saturated hydrocarbons 
cholestane and y¥-cholestane. 


EXPERIMENTAL. 


Action of Dehydrating Agents upon Cholesterol—Attempts were 
made to ascertain whether reagents other than anhydrous copper 
sulphate could be successfully employed for the preparation of 
cholesterilene. Anhydrous sodium sulphate did not appear to 
dehydrate cholesterol after 15 minutes’ heating at 210—215°, and 
anhydrous potassium sulphate under the same conditions afforded 
dicholestery] ether in high yield. 

Cholesterilene was satisfactorily prepared by the method of 
Mauthner and Suida (Sitzungsber. Akad. Wiss. Wien, 1896, 104, 
822), bat a cleaner product. was obtained by heating the reactants 
at 200° under reduced pressure (5 mm.). 

Methyl Cholesterylzanthate.—F ollowing the directions of Tschugaev 
and Gasteff (loc. cit.), low yields of ester (5—10%) were repeatedly 
obtained and cholesterol was always recovered. The initial reaction 
between potassium amyloxide and cholesterol was defective whether 
heating was carried out for long or short periods. Methyl amyl ether 
was invariably detected in the course of working up the final product, 
pointing to methylation of potassium amyloxide in the second stage 
of the process. The following technique avoids the use of amyl 
alcohol, considerably shortens the duration of the reaction, and 
ensures high yields (90%) of pure colourless ester. 

A solution of cholesterol (20 g.) in hot benzene (30 g.) was added in 
one portion with shaking to “‘ emulsified’ potassium (1-9 g.) in 
sodium-dried . benzene (30 g.). The mixture was heated on the 
water-bath for 15 minutes to complete the formation of potassium 
cholesteryloxide, and cooled quickly to 40°, dry carbon disulphide 
(15 g.) was slowly added with shaking, and the pink reaction mass 
refluxed for 3 hours with methyl iodide (20 g.). Ether (200 c.e.) was 
added to the cooled product, the deposited potassium iodide washed 


‘ 
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away with water, and the dried ethereal layer distilled under reduced 
pressure to half its bulk; on addition of absolute alcohol, colourless 
needles (16 g.) of the ester, m. p. 127°, [«}% —51-1°in toluene (c = 
6-4), were deposited (Found: S, 13-2. Cale. for C,,H,,08,: 
8, 13-4%). 

Preparation of ‘ 8-Cholesterylene.’”,—When methyl] cholesteryl- 
xanthate was heated at about 200° in a vacuum (compare Tschugaev 
and Fomin, loc. cit.), the product obtained contained both «- and 
8-cholesterylene. The proportion of the supposed {-isomeride 
varied with thetemperature ofdecomposition: at 155°,equal amounts 
of the two isomerides were obtained ; at 185°, the ratio of « to 8 was 
2:1, and at 205° it became 3 : 1. 

When the 8-compound, m. p. 58°, was kept at 200° under reduced 
pressure for } hour, or heated with animal charcoal in benzene, it 
was apparently partly converted into the higher-melting «-choles- 
terylene. 

Removal of Sulphur from “ 8-Cholesterylene.”—Tschugaev and 
Fomin (loc. cit.) used alkali-containing alcohol to precipitate the 
hydrocarbons from an ethereal solution of the reaction mixture, 
presumably in order to remove sulphur-containing impurities. We 
have found that this treatment is of primary importance and that 
only after repeated precipitation with concentrated alcoholic potash 
is all sulphur removed from the more soluble hydrocarbon fractions 
(so-called $-cholesterylene). 

(i) Supposed pure 6-cholesterylene, m. p. 59° [Found : § (micro), 
1-2%] was dissolved in the minimum quantity of ether and treated 
with concentrated alcoholic potash solution. Two crops of needles 
of a-cholesterylene, m. p.'78°, were separated and the mother-liquor 
gave a small amount of low-melting material. 

(ii) @-Cholesterylene, m. p. 59°, was dissolved in heptane and 
shaken with sodium—potassium liquid amalgam. Rapid tarnishing 
of the metal was observed. When, after 15 minutes, the heptane 
layer was filtered and allowed to evaporate, sulphur-free «-choles- 
terylene (needles, m. p. 78°). was. obtained; no £-cholesterylene 
remained in the mother-liquor. 

Catalytic Hydrogenation of Cholesterilene and «-Cholesterylene.— 
Cholesterilene (5 g.; m. p. 79°) in ether (80 c.c.) in the presence of 
palladium-black (0-6 g.) was hydrogenated for 27 hours under 1} 
atmospheres pressure. On crystallisation, cholestane appeared 
first as plates, m. p. 80° (Found: C, 87-0; H, 13-1. Cale. for 
C.,Hy,: C; 87-1; H, 12-9%), and then, after successive cropping, 
long needles of ¥-cholestane, m. p. 70—71°, separated (Found : 
C, 86-9; H, 12-9%). 

Under precisely similar conditions, «-cholesterylene, m. p. 79-5°, 
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prepared by the modification of Tschugaev’s process ‘here given, 
yielded a mixture of cholestane, m. p. 79—80° (Found: C, 87-2; 
H, 13:2%), and ¢-cholestane, m. p. 70—71° (Found: C, 87-2; 
H, 12-8%). 

The identity of the saturated hydrocarbons in each case was 
confirmed by the fact that they showed no alteration of melting 
point in admixture respectively with cholestane and ¥-cholestane 
obtained by hydrogenation of cholestene and y¥-cholestene, both of 
authentic origin. 


We desire to express our thanks to Professor I. M. Heilbron, 
D.S.0., D.Se., for his advice and criticism during the course of this 
investigation. 

THE UNIVERSITY OF LIVERPOOL. [Received, July 9th, 1929.] 





CCXC.—Studies in the Sterol Group. Part VI. Di- 
hydroergosterol and the Formation of Isomerides. 


By Istpor Morris HEILBRON, FRANK JOHNSTONE, and 
Frank Stuart SPRING. 


Ir has been shown by Windaus and Briinken (Annalen, 1928, 460, 
232) that the reduction of ergosterol by means of sodium and 
ethyl alcohol gives rise to a dihydroergosterol, m. p. 173—174° 
(regarding the acetate, see experimental portion); the same com- 
pound has also been obtained by the partial hydrogenation of 
certain specimens of ergosterol itself (Heilbron, Sexton, and Spring, 
this vol., p. 926). 

Windaus and Briinken noted that, unlike the parent sterol, 
dihydroergosterol gives no positive colour reaction with antimony 
trichloride. We have confirmed this statement, and find further 
that the compound fails to give a coloration with Rosenheim’s 
trichloroacetic acid reagent (Biochem. J., 1929, 23, 47), which fact 
leads us to the conclusion that in the conversion of ergosterol into 
the dihydro-derivative the ethenoid linkage between carbon atoms 
1 and 13 (or 1 and 2) (formula I) must become saturated. If this 
be the case, two stereoisomeric dihydroergosterols should exist, 
corresponding to the formation of coprostane and cholestane from 
#-cholestene (Windaus, Nachr. Ges. Wiss. Géttingen, Jan., 1926). 
Although, despite repeated attempts, we have failed to obtain 
dihydroergosterol by Windaus and Briinken’s method (loc. cit.), 
we have found that the reduction of ergosterol by means of sodium 
in boiling amyl alcohol gives rise both to this compound and to a 
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smal] quantity of an isomeride, y-dihydroergosterol, m. p. 205—206°. 
The latter compound is‘also produced in small quantity by the action 
of sodium amyloxide on ordinary dikydroergosterol («-dihydro- 
ergosterol). The hydrogenation of «-dihydroergosterol acetate in 
glacial acetic acid at 70° in presence of a platinum catalyst yields, 
according to Windaus and Briinken (Annalen, 1928, 460, 235), 
allo--ergostanol acetate. If, however, the hydrogenation is carried 
out in ethereal solution, a palladium catalyst being used, the reaction 
ceases when two atoms of hydrogen are absorbed, «-ergostenol acetate 
being produced. As this compound cannot be further directly hydro- 
genated (Reindel and Walter, Annalen, 1928, 460, 212), it follows 
that «-ergostenol cannot be a direct 
intermediate in the reduction © of Fre. 1. 
ergosterol or «-dihydroergosterol to alio- 
a-ergostanol. 

8-Dihydroergosterol.—Reindel, Walter, 
and Rauch (Annalen, 1927, 452, 34) 
found that «-ergostenol acetate could be 
isomerised by means of dry hydrogen 
chloride to the structurally isomeric 
8-ergostenol acetate. «-Dihydroergo- 
sterol acetate behaves similarly, yielding 
an isomeride, m. p. 108°, which on 
hydrolysis gives -dihydroergosterol, 
m. p. 124°. Hydrogenation of this 
isomeride in ether also leads to the 
production of «-ergostenol, and con- 
sequently its formation could not have 
involved the inert ethenoid linkage 
present in ergosterol (10—19 in formula I), but must have been 
occasioned by a shift of the 6.:7 double bond. In order to account 
for this change, we assume in the first place that the isomerisation is 
preceded by the addition of hydrogen chloride at positions 6 : 7, 
followed by its elimination from a different part of the molecule. 
As shown in Fig. 1, the addition of hydrogen chloride (chlorine on 
C,) and its elimination from positions 2 : 7 would give rise to a new 
ethenoid linkage, either between carbon atoms 1 and 2 (production 
of y-cholestene from cholestene and of allo-cholesterol from choles- 
terol; see also Windaus, loc. cit.) or between carbons 2 and 3. We 
suggest it is the latter change which is involved in the conversion of 
x- into §-dihydroergosterol, since the 6-compound fails to give any 
coloration either with antimony trichloride or with the Rosenheim 
reagent, and consequently cannot have a A1:?-linkage. Assuming 
that the structure of ergosterol is represented as in (I) (Heilbron and 
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Sexton, this vol., p. 921), the nuclear changes on hydrogenation and 
isomerisation may be represented as follows : 


owes 
| 
Vi 
(II.) (III.) 
Dehydrogenation of «-Dihydroergosterol—Windaus has shown 
(Annalen, 1928, 465, 148) that treatment of ergosterol with mercuric 
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acetate yields dehydroergosterol. We have applied this reaction 
to «-dihydroergosterol, and find that here also two hydrogen atoms 
are eliminated with formation of a new isomeride * of ergosterol. 
The compound melts at 167°, but whereas ergosterol is strongly 
levorotatory, the new sterol has [«}}%, + 17-8°. We have also 
determined its absorption spectrum, and find that it is characterised 
by three bands at 235 uy, 243 uy, and 252 wy (y-curve, Fig. 2), 

* Since this work was completed, a description of this compound (ergosta- 
trienol D) has appeared in a paper published by Windaus and Auhagen 
(Annalen, 1929, 472, 185). The properties given by them closely agree with 
our findings except as regards the absorption spectrum, in which they have 
failed to observe the band at 235 yz. In order to avoid unnecessary con- 
fusion we meanwhile accept their arbitrary nomenclature for the various 
isomeric ergosterols. In strict accordance with this, ergosta-trienol D should 


be simply ergosterol D. 
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resembling in its banded structure ergosterol A («-curve). We have 
also re-examined the absorption spectrum of dehydroergosterol 
(6-curve) and find, in contradistinction to Windaus and Linsert’s 
observation (Annalen, 1928, 465, 148), who only record a single 
broad band at 320 uy, that this substance also possesses a fine 
structure with three definite bands. It will be noted that the 
extinction coefficients of all three substances are remarkably similar. 

8-Dihydroergosterol also is converted by mercuric acetate into 
an alcohol, m. p. 124°, isomeric with ergosterol. For this we ten- 
tatively suggest the name ergosterol E, pending further work on its 
hydrogenation products and absorption spectrum. 

As the various changes undergone by ergosterol are exceedingly 
complex, we append herewith a scheme summarising the more 
important of these : bd 


Dehydroergosterol 
ane | H, at 70° in acetic acid 
isoErgosterol<- 


(Ergostero] B) Ergosterol E 
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allo-a-Ergostanol 
(Hexahydro- 
ergosterol) 





Formation of «-Ergosta-dienone.—This compound (m. p. 182— 
183°) is readily obtained as main product on oxidation of «-di- 
hydroergosterol with chromic anhydride. It can also be readily 
prepared in good yield by distilling «-dihydroergosterol with copper- 
bronze according to Sexton’s method (J., 1928, 2825), and Windaus 
and Auhagen (loc. cit.) have recently described its formation by the 
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action of nickel on ergosterol. On hydrogenation the ketone 
yields «-ergostenol. When «-ergosta-dienone is treated with 
hydrogen chloride in chloroform solution it is converted into 8- 
ergosta-dienone, m. p. 125°, which can also be prepared by direct 
oxidation of §-dihydroergosterol. Hydrogenation of the ketone 
also results in the formation of «-ergostenol, a reaction in complete 
agreement with our suggested formulation of the isomeric 
dihydroergosterols. 
EXPERIMENTAL. 

«-Dihydroergosterol was prepared by the partial hydrogenation 
of ergosterol according to Heilbron and Sexton’s method (loc. cit.). 
It could readily be freed from traces of ergosterol by boiling the 
erude product (4 g.) in acetone solution with potassium perman- 
ganate (0-4 g.) for 1 hour (compare Bills, Honeywell, and McNair, 
J. Biol. Chem., 1928,'76,; 251). After the removal of manganese di- 
oxide the filtrate was concentrated ; almost pure «-dihydroergosterol 
then crystallised in large plates from the cold solution. Traces of 
ergosterol still remaining, indicated by the coloration with antimony 
trichloride, were removed by a further crystallisation from acetone 
in presence of blood charcoal. ; 

a-Dihydroergosterol Acetate—Windaus and Briinken (loc. cit.) 
prepared this compound (m. p. 181—182°) by treating «-dihydro- 
ergosterol with acetic anhydride. We have now ascertained that, 
as in the case of ergosterol 8-acetate (Heilbron, Sexton, and Spring, 
this vol., p. 926), the melting point and specific rotation of the 


acetate depend upon the duration of the acetylation process as shown 
below : 


Period of treatment (mins.). M. p. [a] 
10 179—180° — 25-3° 
30 175—176 —27:3 
55 173 — 30-3 


Neither pure «-dihydroergosterol nor its acetate shows selective 
absorption. ’ 

y-Dihydroergosterol.—Ergosterol (10 g.) was dissolved in hot amyl 
alcohol (100 c.c.), and sodium (80 g.) added in small pieces during 
1 hour. The solution was gently boiled under reflux for a further 
4 hours and then poured into a large volume of hot water. The 
amyl alcohol layer was repeatedly washed with water, and the 
aleohol removed. by steam-distillation. The residual solid was 
fractionally crystallised from boiling absolute alcohol. The first 
crop (0-8 g.; m. p. 201—203°) was repeatedly crystallised from 
alcohol, from which y-dihydroergosterol separated in long needles, 
m. p. 205—206°, [«]%;, —10° (c = 1 in chloroform) {Found (micro.) : 
C, 841; H, 11:5.. C,,H,,O requires C, 84-3; H, 116%]. y-Di- 
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hydroergosterol gives no colour either with antimony trichloride 
or with the Rosenheim reagent; it forms an insoluble digitonide. 
The acetate melts at 179°. The subsequent crops from the original 
alcoholic solution consisted of «-dihydroergosterol. 

y-Dihydroergosterol was also prepared by refluxing its «-isomeride 
(1 g.) with a solution of sodium amyloxide (12 g. of sodium in 
200 c.c. of amyl alcohol) for 4 hours. When the product was worked 
up as described above, y-dihydroergosterol was isolated in small 
amount. , 

8-Dthydroergosterol—A solution of «-dihydroergosterol acetate 
(1-5 g.) in chloroform (20 c.c.) was subjected to a rapid stream of dry 
hydrogen chloride for 1 hour; the solution then acquired a faint 
violet colour. The residue obtained after removal of the solvent 
was crystallised from alcohol and from benzene-alcohol, from which 
8-dihydroergosterol acetate separated in plates, m. p. 108—109°, 
[a], —25-2° (c = 1-07 in chloroform) (Found: C, 81-4; H, 10-8. 
Cy,H,,0, requires C, 81-7; H; 10:8%).* §-Dihydroergosterol 
was obtained by hydrolysis of the acetate with alcoholic potash and 
precipitation with water; it crystallised from absolute alcohol in 
flat plates containing water of crystallisation, m. p. 124°, [«]}%, 
—7-0° (¢ = 1 in chloroform). It gives no colour with antimony 
trichloride and shows only general absorption. 

Ergosterol D.—x-Dihydroergosterol (5 g.), dissolved in boiling 
alcohol (250 c.c.), was refluxed for 40 minutes with a solution of mer- 
curic acetate (11-5 g.) in a mixture of glacial acetic acid (20 c.c.) and 
alcohol (10 c.c.). After removal of mercurous acetate, the yellow 
solution was evaporated under reduced pressure. The product was 
separated from further traces of inorganic matter by extraction 
with boiling chloroform and crystallised from benzene-alcohol, 
flat plates of ergosterol D being obtained (yield, about 40%). ‘The 
sterol gives a yellow coloration with antimony trichloride and a 
faint pink colour with the Rosenheim reagent. The acetate melts 
at 172° and has [«]%;, +15-9° (c = 1-32 in chloroform) [Found 
(micro.): C, 81-7; H, 10-9. C,,H,,O, requires C, 82-1; H, 10-4%]. 

Ergosterol E.—This was prepared from §-dihydroergosterol in 
a similar manner to ergosterol D. The product separated from 
methyl alcohol-ethyl acetate in colourless plates, containing water 
of crystallisation, m. p. 124—125°, [a]}§, —22-9° (ce = 1-09 in 
chloroform). It develops a yellow colour with antimony trichloride 
and a pale pink with Rosenheim’s reagent. The acetate has m. p. 
119—120°, and [«}!§,; —38-0° (¢ = 1-03 in chloroform) [Found 
(micro.): C, 82-1; H, 10-3. C,9H,,O, requires C, 82-1; H, 104%]. 

* As in nearly all cases the free sterols contain indefinite solvent addenda, 
analyses of the solvent-free acetates have been made. 
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«-Ergosta-dienone.—A solution of «-dihydroergosterol (5 g.) in 
glacial acetic acid was oxidised with chromic anhydride (5 g. in 
1 c.c. of water and 14 c.c. of glacial acetic acid) at 70°. . The reagent 
was added during 1 hour, the whole being mechanically stirred. 
After a further hour the product was precipitated with water, 
collected, and dissolved in ether, and the solution shaken with 
dilute alkali. The ethereal solution was dried, concentrated to 
small bulk, and mixed with an equal volume of absolute alcohol ; 
crude «-ergosta-dienone then separated. The pure ketone was 
obtained after repeated crystallisation from alcohol in colourless 
plates, m. p. 182—183°. It gives no coloration with antimony tri- 
chloride and shows no selective absorption [Found (micro.): 
C, 85-0; H, 11-2. C,,H,,0 requires C, 84:8; H, 110%]. From the 
alkaline extract an oily acid was obtained, but the quantity was too 
small to allow of further work being carried out. 

The semicarbazone, prepared in the usual manner, separated 
from methyl alcohol, in which it was very sparingly soluble, in 
colourless crystals, m. p. 254° (decomp.) (Found : N, 9-5. .C,,H,,ON, 
requires N, 9-6%). 

Catalytic Oxidation of «-Dihydroergosterol.—a«-Dihydroergosterol 
was distilled at 2 mm. pressure in presence of an equal weight of 
copper-bronze. The main fraction was collected between 250° 
and 270° and consisted of a bright yellow oil which solidified on 
cooling. Crystallisation of this product from absolute alcohol 
yielded «-ergosta-dienone identical with the product obtained by 
oxidation of the alcohol. with chromic anhydride. 

Hydrogenation of .«-Ergosta-dienone.—The ketone (1 g.) in ether 
(100 c.c.) was shaken with hydrogen in presence of palladium-black. 
The absorption of the hydrogen ceased after 80 minutes, four atoms 
having been absorbed. The product, after two recrystallisations 
from ether—methyl alcohol, had m. p. 130—131° and gave. no 
depression in melting point in admixture with an authentic sample 
of «-ergostenol. 

§-Ergosta-dienone.—This comianiad was obtained by the oxidation 
of 8-dihydroergosterol with chromic anhydride in exactly the same 
manner as that of «-dihydroergosterol. The pure ketone separated 
from glacial acetic acid in long needles, m. p. 125°. 8-Ergosta- 
dienone was also obtained by passing a rapid stream of dry hydrogen 
chloride for 1 hour into a chloroform solution of the «-ketone. The 
oil remaining after removal of the solvent was taken up in alcohol, 
and the separated solid recrystallised from glacial acetic acid (Found : 
C, 84:5; H, 11-2. C,,H,.O requires C, 84-8; H, 11-0%). 

The semicarbazone separated from methyl alcohol in needles, 
m. p. 266° (Found: N, 9-7. C,,H,,ON, requires N, 9-6%). 
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Hydrogenation of 8-Ergosta-dienone.—The ketone (1 g.) was 
hydrogenated as described under the «-isomeride (volume of 
hydrogen absorbed. —.108 c.c.; 2 mols. Hj require 112 ¢.c.). The 
product melted at 131° and proved to be «-ergostenol. 


Our thanks are due to Dr. R. A. Morton for help in the spectro- 
graphic portion of this work, to Dr. W. A. Sexton for the preparation 
of y-dihydroergosterol, and to the Council of the Department of 
Scientific and Industrial Research for a grant.to one of us (F. J.). 


THe University, LIVERPOOL. [Received, August 31st, 1929.] 


CCXCI.—Studies in the Sterol Group. Part VII. 
Preliminary Note on the Isolation of Zymosterol. 


By Istpor Morris HEmsron and WILFRED ARCHIBALD 
SEXTON. 





THE discovery of a dextrorotatory sterol, to which the name zymo- 
sterol has been given, in yeast is due to Smedley-Maclean (Biochem. 
J., 1928, 22, 22), who concluded from the results of analysis and the 
iodine values that the sterol has the formula, C,,H,,O|¥ and is thus 
an isomeride of ergosterol. 

More recently (Chem. and Ind., 1929, 48, 295) the same author 
has announced that at least two dextrorotatory sterols, (@) zymo- 
sterol, m. p. 110—116°, and (6) a sterol melting at 120—124°, are 
present in yeast. 

The yeast sterols have also been investigated by Wieland and 
Asano (Annalen, 1929, 473, 300), who, by fractional crystallisation 
of the mixed benzoates, have succeeded in isolating, in addition to 
ergosterol, the following four individuals ; (a4) Neosterol, C,,H,,O}>, 
m. p. 164—165°, [«], —105°; (6) faecosterol, C,,H,,O|-, m. p. 161— 
163°, [a]p +42-1°; (c) ascosterol, C,,H,,O|-, m. p. 141—142°, 
[a}» +45°; and (d) zymosterol, C,,H,,O/F, m. p. 108—110°, [a]p 
+47-3°. 

According to these authors, zymosterol contains, contrary to 
Smedley-Maclean’s contention, two more hydrogen atoms than 
ergosterol. 

We also have been engaged in this laboratory with the examin- 
ation of the yeast sterols, a detailed account of which will be given 
later. In the meantime we desire to record the isolation of a sterol 
agreeing closely in properties with the zymosterol of Wieland and 
Asano (loc. cit.). Our attack on the problem has been through the 
bromine addition compounds, and we have found that, if the crude 
sterol mixture, after removal of the greater part of the ergosterol, is 
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treated in ethereal solution with bromine in glacial acetic acid, 
insoluble bromides are precipitated which can be separated by 
fractional crystallisation. Of these the least soluble, m. p. 168°, 
yields on debromination a sterol, m. p. 108—110°, giving an acetate, 
m. p. 106—107°; these values are identical with those recorded by 
Wieland and Asano (loc. cit.) for zymosterol. In agreement with 
these authors we find that the sterol itself crystallises from methyl 
alcohol in a hydrated form; we have consequently analysed the 
anhydrous acetate and obtained figures in excellent agreement with 
the formula C,,H,,"OH|>. 

On hydrogenation of the sterol in ethereal solution absorption of 
hydrogen ceases after one ethenoid linkage is saturated, dihydro- 
zymosterol, m. p..115—116°, being formed which, as shown by the 
Liebermann—Burchard reaction, is still unsaturated. The hydrogen- 
ation of zymosterol is thus similar to that of «-dihydroergosterol 
(preceding paper), which, despite the presence of two ethenoid 
linkages in the molecule, takes up only two atoms of hydrogen in 
presence of palladium at room temperature. 


EXPERIMENTAL. 


The crude sterol mixture employed in these experiments contained 
the yeast sterols left after separation of ergosterol; it was obtained 


from Boots Pure Drug Co., Ltd., to whom we desire to express 
our thanks.* 5 G. were dissolved in dry ether (100 ¢c.c.) and to 
the ice-cold solution a solution of bromine in glacial acetic acid 
(30 c.c. of 10%) was added. After 10 minutes the precipitate was 
collected and quickly washed with ether—acetic acid. The crude 
bromide (1-5 g.) was repeatedly crystallised from chloroform-— 
ethyl alcohol (1:3), from which the pure compound separated in 
eolourless crystals, m. p. 168°. 

Isolation of Zymosterol.—A solution of the bromide (1-5 g.) in hot 
absolute alcohol (150 c.¢.) was treated with zinc dust (2 g., carefully 
freed from oxide), and the whole boiléd for 10 minutes. After 
removal of inorganic material, the filtrate was diluted with water 
until faintly cloudy ; the sterol, which then separated in quantitative 
yield, was obtained after three crystallisations from methyl alcohol, 
in flaky plates, m. p. 108—110°, [«]%, +38-6° (c = 0-8 in chloro- 
form), a value somewhat lower than that given by Wieland and 
Asano (loc. cit.). 

The acetate, which was prepared by boiling the sterol with acetic 
anhydride for 15 minutes, separated after repeated crystallisation 

* We are also examining a sterol mixture, kindly given us by Messrs. 


Béehringer und Séhne, which appears to react similarly. This is probably 
the same as that employed by Wieland and Asano (loc. cit.). 
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from ethyl alcohol in transparent leaflets, m. p. 106—107° (Wieland 
and Asano give m. p. 104—-106°) (Found: C, 81-7, 81-6; H, 11-1, 
11-2; M, 399. Calc. for CygH,,0,|/5 : C, 81-6; H, 109%; M, 426. 
Cale. for C,,H,,0,|/F: C, 82-0; H, 10-45%; M, 424). 

Both zymosterol and its acetate give a green coloration with 
bromine (Tortelli-Jaffe reaction, Chem.-Ztg., 1915, 39, 14). 

Dihydrozymosterol.—Zymosterol was hydrogenated in ethereal 
solution in the presence of twice its weight of palladium until all 
absorption of hydrogen’ had’ ceased. The ethereal solution was 
filtered, concentrated to small bulk, and, after the addition of methyl 
alcohol, left to crystallise; pure dihydrozymosterol then separated in 
long white plates, m. p. 115—116°; [aJB;, -+- 28-9° (c = 1-8 in chloro- 
form). The sterol gives negative reactions both with antimony 
trichloride and with the Rosenheim reagent, but a green colour is 
produced with the Tortelli-Jaffe reagent and a deep purple in the 
Liebermann-Burchard reaction (Found: H,O, 4-4.. C,,H,,0,H,O 
requires H,O, 45%. The water-free sterol gives C, 84-0, 83-9; 
H, 12-2, 12-1. _C,,H,,O|> requires C, 83-9; H, 119%. C,,H,,O|F 
requires C, 84-3; H, 11-5%). 

The acetate separates from ether-methyl alcohol in glistening 
leaflets, m. p. 83—84° (Found: C, 81-5, 81-4; H, 11-5, 11-5. 
CygH,g0. requires C, 81-3; H, 11-2%). 


In conclusion we desire to thank Mr. F. 8S. Spring for his help 
with this investigation. <2 


THE UNIVERSITY, LIVERPOOL. [Received, September 3rd, 1929.] 





CCXCII.—The Nature of the Alternating Effect in 
Carbon Chains. Part XXXI. The Directive 
Influence of -Acid Systems in Aromatic Sub- 
stitution. Nitration of y-Acidic Phenylnitro- 
methanes and their Salts. 


By JoHn WILLIAM Baker. 


As a result of previous work on the genesis of orienting effects in 
aromatic substitution the broader features of directive action by 
ionic and neutral substituents are now known, but several points 
still require elucidation with regard to direction by ionogenic 
systems, that is, substituents which tend to acquire a charge by 
interaction with the medium under the conditions employed for 
further substitution of the aromatic nucleus. The simple case 
presented by phenols and amines in which charges may be generated. 
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on the atom adjacent to the nucleus by ion-formation under the 
conditions of substitution has frequently been discussed, and the 
major phenomena do not present theoretical difficulty. A more 
complex case arises when ion-formation may create a charge at a 
distance from the nucleus, and the side chain has a structure which 
admits of the transference of this charge by tautomeric change to 
the atom adjoining the nucleus—in which position, of course, its 
influence on orientation will be paramount. This phenomenon 
should appear in compounds in which phenyl is attached to the 
“* pseudo-position ”’ either of a 4-acidic or of a y-basic group (Baker, 
J., 1928, 1281; Ingold, Ann. Reports, 1928, 140), and the present 
paper relates to the former of these examples. 

According to the general theory of tautomerism advocated from 
these laboratories, the production of ionisation by either a positive 
or a negative charge in any substance containing a formal tautomeric 
system is followed instantly and automatically by the distribution 
of this chargé between all the positions in the structure to which 
tautomeric electron displacements can give it access. Thus in the 
anion of ¥-acidic phenylnitromethane derivatives, the free access of 

8 
the anionic charge to the-«-carbon atom, CeHCRNO-O, as and 


when the substituting agent demands available electrons in the 
aromatic nucleus, should lead to op-orientation, despite the contrary 
influence of the more distant dipole in the nitro-group and the 
possible contrary influence of R (compare loc. cit.). 

Evidence on this matter should be obtainable from a compar- 
ative study of the substitution of y-acidic phenylnitromethanes and 
their salts. Fliirscheim and Holmes record (J., 1928, 453) that the 
sodium salt of phenyleyanonitromethane’ yields op-products on 
nitration,* but the metal-free parent y-acid is insufficiently stable 
to be nitrated, and a direct comparison of results is consequently 
impossible. Ethyl «-nitrophenylacetate, C,H,-CH(CO,Et)-NO,, 
was, however, nitrated smoothly, and its lithiwm salt proved to be a 
tractable, readily purified substance. Evidence of the expected 


* Fliirscheim and Holmes state that more than 99% of op-nitro-products are 
formed, but in the author’s hands (see p. 2264) the nitration was far from being 
the smooth reaction suggested by the data they record (loc. cit.). A circum- 
stance which, however, has defeated the exact repetition of Fliirscheim and 
Holmes’s work on this substance is that in four of their five experiments the 
weights of the separated products, given in the experimental portion of their 
paper, when converted into molecular percentages and summed, indicate 
quantitative recovery (more than 99-5%), whilst the present author finds 
it difficult to maintain an average recovery of much more than 90% even for 
nitrations that proceed smoothly, and in the instance now considered the 
formation of unidentified matter impairs the yield still further. 





aoe,” OD ere RAOaOoOor Ff Oo Oo 


syr oOo 8 PB 


@ 


oe 


IN CARBON CHAINS. PART XXXI. 2259 


effect was most strikingly revealed in the observations that on 
nitration with nitric acid (di 1-497) at — 15° the free y-acid gave a 
mononitration product containing 84% of m-derivative, whereas the 
mononitro-derivatives obtained from the salt contained only 29%, 
of the m-isomeride. 

Interesting results were obtained: on studying, side by side, the 
effect of changing the concentration of the nitric acid on the pro- 
portions of the isomerides formed by nitration of the ¥-acid and its 
salts. An increase in the strength of the acid from di’ 1-497 to 
di 1-529 had no perceptible effect on the proportions of the iso- 
merides obtained from the free y-acid, the amount of m-derivative 
remaining at 84—85%. On the other hand, the proportions of 
m-isomeride obtained from the salt rose over the same range of acid 
concentrations from 29% to 78—82%, the limits arising from the 
circumstance that the lithium salt separates from ethyl alcohol 
with one molecule of solvent and that the solvated and solvent-free 
salts, which were both studied, behave slightly differently in acid 
of high concentration. The general result, the essential numerical 
data for which are in the following table, suggested that the speed 
of conversion of the liberated anion into the molecular ¥-acid is 
greatly increased with increasing strength of the acid medium, and 
that therefore the lowest m-proportion actually realised in the 
nitration of the salt (29%) is higher than that which would be 
observed if the anion could be “ caught ” by the reagent before any 
conversion into the ¥-acid had occurred. 


Nitration of Ethyl «-Nitrophenylacetate. 


Composition of product Composition of 
(noi %). mononitration 

HNO,, ~ product (mols. %). 
ais (10 Time “Unsub- —Eee 
. parts). Temp. (hrs.). stituted. op-Nitro-. m-Nitro-. op-. m-. 
1-497 —I12° 1-25 3-5 15-4 81-1 15-9 84-1 
1-529 —12 1-50 5-2 13-8 81-0 14-6 85-4 
1-529 1-75 3-8 15-7 80-5 16-4 83-6 

sone 0- 08 





Mean 15°6 84-4 


Nitration of Lithium Salt of Ethyl «-Nitrophenylacetate. 


1-497 —I12 1-25 . 28-7 12-0 70:5 

1:517., —12. 1: 35 7 24-7 57-1 30-2 

1-529 —12 , 20-7 72-4 22-2 

1517 —12 1- , 18-8 67-6 21-7 

1529 f—5 5 . 17-1 77-6 18-0 
e . 

1-529 i. ; 5 16-8 79-1 175 
room 0- 


* Salt with LEtOH. 
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Similar results have been obtained for the nitration of pheny}- 
nitromethane and its potassium and sodium salts. The proportion 
of m-isomeride in the mononitration product of the free ¢-acid is 
67% independently of the concentration of the nitric acid between 
d* 1-483 and 1-529. The proportion of m-isomeride formed by 
nitration of the salts rises from 42% in acid dj 1-497 to 67% in 
acid di 1-529. This change (42°%-—>-67%,) is less marked than the 
corresponding change shown by the carbethoxy-derivative (29%— 
80%) over the same range of acid concentration; and this is a 
result which might have been expected, because the absence of the 
electron-attracting carbethoxyl group will reduce the stability of 
the anion relatively to that of the molecular ¥-acid, so that under 
given conditions a smaller proportion of the anion will undergo 
nitration prior to its conversion into the y¥-acid. 


Nitration of Phenylnitromethane.* 

Comp. of 
mononitration 

Composition of product product 

HNO,, (mols. %). 

ad (10 Time - 
parts). Temp. (hrs.). Unsubd. op-Nitro-. m-Nitro-. 

1-483 —12° 1-75 7-0 30-0 63-0 

1-529 —12 3-00 0-0 34-2 65-8 
Mean 





Nitration of Salts of Phenylnitromethane. 


12(K) 1483 —15 1-00 96-3 2-3 14 

13(K) 1-497 —12 1-50 64-2 20-6 15-2 

¢14 (Na) 1-529 f —10 2-75 11-8 30-2 58-0 
(room) 0-50 

15 (Na) 1-529 —15 3-50 24-0 24-0 52-0 

16 (Na) 1:529 —15 3-50 12-3 27-6 60-1 


* Compare Baker and Ingold, this vol., p. 423, footnote. 
+ Prepared from unpurified phenylnitromethane. 


The experimental data on which the figures in the last five 
columns of the above tables are based are recorded on p. 2263. 


ExPERIMENTAL. 


Preparation of Materials —1. Ethyl «-nitrophenylacetate was 
prepared by Wislicenus and Ender’s method (Ber., 1902, 35, 1707). 
These investigators describe it as an oil which cannot be purified 
by distillation. It can, however, be readily purified through its 
crystalline lithium compound. 

Condensation of ethyl phenylacetate (33 g.) and ethyl nitrate 
(18-2 g.) in ether (100 c.c.) with sodium wire (4-6 g.) proceeded 
smoothly, a white sodium compound separating. This was filtered 
off and well washed with ether containing a little alcohol. The 
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filtrate and washings were extracted with water, the aqueous 
solution was. acidified with hydrochloric acid and extracted with 
ether, and the ethereal solution was repeatedly extracted with 
potassium hydrogen carbonate solution to remove phenylacetic acid. 
The residue (10 g.) from the dried ethereal solution was a yellow 
oil consisting of crude ethyl «-nitrophenylacetate. This was added 
with cooling to alcoholic lithium ethoxide prepared from lithium 
(0:35 g.) and absolute alcohol (20—30 c.c.). After a few minutes 
the mass became almost solid owing to separation of the lithium 
salt. This, after being collected and washed with a 50% alcohol- 
ether mixture and finally with dry ether, crystallised well from hot 
absolute alcohol in clusters of fine needles containing 1 mol. of 
alcohol, which was lost by heating to 150°; the solvent-free salt 
had m. p. 200° (Found : Li, 2-6; C,H,-OH, by loss of weight at 150°, 
17-8. C,9H,90,NLi,C,H,-OH requires Li, 2-7; C,H,-OH, 17-6%). 

The sodium salt which separated during the original condensation 
did not appear to be a salt of ethyl «-nitrophenylacetate. Acidified 
with ice-cold dilute sulphuric acid and extracted with ether, it 
yielded a yellow syrup, which immediately began to evolve nitrous 
fumes when the last traces of ether were removed on a steam-bath. 
The product, on treatment with alcoholic lithium ethoxide, yielded 
a relatively small amount of a solid derivative only after several 
days. This substance, containing lithium and nitrogen, crystallised 
from ether-ligroin, but was not further investigated. After some 
weeks, the original syrup yielded a small amount of crystalline 
material which consisted of a mixture of two substances readily 
separated by fractional crystallisation from ethyl acetate—ligroin, 
colourless needles, m. p. 162—163°, separating first, and the mother- 
liquor yielding yellow crystals, m. p. 133—134°. These have not 
yet been investigated. 

Pure ethyl «-nitrophenylacetate (Found : C, 57-4; H, 5-2. Cale. 
for C,9H,,0,N: C, 57-4; H, 53%) was obtained in the usual 
manner from the purified lithium salt. 

2. Phenylnitromethane was prepared by Holleman’s method 
(Rec. trav. chim., 1894, 13, 405). The sodium salt was obtained by 
the action of the theoretical quantity of alcoholic sodium ethoxide 
on pure phenylnitromethane. It could not be crystallised and was 
purified by precipitation with ether from its solution in alcohol 
(Found: Na, 13-2. Cale.: Na, 14.4%). The potassium salt, 
obtained similarly, could be crystallised from absolute alcohol 
(compare Wislicenus and Grunthner, Ber., 1907, 42, 1932). 

3. The sodium salt of phenylcyanonitromethane was prepared by 
Wislicenus and Ender’s method (loc. cit.) and purified by crystal- 
lisation from absolute alcohol. 
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Nitration. General Procedure.—The phenylnitromethane deriv. 
ative was added slowly (from a dropping-funnel if a liquid) with 
mechanical stirring to 10 parts of the nitric acid cooled to the 
requisite temperature in a freezing mixture. The nitration: mixture 
was poured on crushed ice and neutralised with precipitated calcium 
carbonate and the neutral portion was extracted with ether. The 
density of the nitric acid was determined in a 5 c.c. pyknometer in 
the usual manner. The particular conditions are specified_in the 
tables on p. 2259, the, composition of the product there recorded 
being the proportions of the total recovered material. In the table 
on p. 2263, the actual weights of material used and recovered are 
given, the percentages recorded in the previous tables being calcu- 
lated from these figures.. In all cases 90-—98°% of the material was 
accounted for after nitration either as un- nitented substance or as 
neutral mononitrated product. 

Details relating to Special Casés.—Eaperiment No. 2. The nitra- 
tion product partly crystallised and an attempt was, made to 
separate one of the isomerides by crystallisation. The product 
(0-6670 g.) was washed with ice-cold ether, in which the oil was more 
readily soluble, 0-5990 g. passing into solution. The residual solid, 
crystallised from absolute alcohol, yielded 0-0291 g. (4:4%) of a 
substance, m. p. 187°, which was probably ethyl «p-dinitropheny]l- 
acetate, but it was not obtained in sufficient quantity for investig- 
ation. An attempt to prepare this isomeride by condensing ethyl 
p-nitrophenylacetate and ethyl nitrate in presence of sodium was 
not successful. 

Experiment No. 10. In this case a portion of the nitration pro- 
duct was oxidised directly with boiling 3%, potassium permanganate 
solution, and the remainder by Fliirscheim and Holmes’s method C, 
in order to determine whether an appreciable amount of re-arrange- 
ment oceurs by use of the former method. The proportions of 
op- and m-nitro-products found were, respectively, 39-4 and 60-6% 
by the direct method and 32-2 and 67-8% by the latter method, 
indicating that a slight amount of re-arrangement renders the direct 
method less trustworthy in the case of phenylnitromethane deriv- 
atives. In Experiment No. 6 a similar comparison was made with 
similar results, the proportions of op- and m-nitro-products found 
being, respectively, 24-5 and 75-5% and 22-3 and 77-7%. 

Experiment No.11. The partly solid nitration product (0-5459 g.) 
was crystallised from 6 c.c. of pure ether. The first crop of crystals 
(0-2135 g.) had m. p. 95—96° and consisted of pure m-nitrophenyl- 
nitromethane. (39-1%). -From the mother-liquor and washings 4 
further 0-1005 g. (18-4%) of a less pure product, m. p..70°, was 
obtained. 


Composition of the Nitration Products. 
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Experiments Nos. 17 and 18. In these experiments, details of 
which are not recorded in the tables given in the introduction, the 
conditions of nitration were as follows: No. 17. Nitration was 
effected with nitric acid dj? 1-529 (8 parts) at — 10° for 1-8 hours, 
and the nitration mixture was kept at room temperature for 0-25 
hour before being worked up in the usual manner. In No. 18, 
Fliirscheim and Holmes’s conditions (loc. cit.) were used, nitration 
being effected with nitric acid dj 1-481 (13 parts) at 15° for 1 hour. 


The author wishes to thank the Chemical Society for a grant in 
aid of this work. 
THE UNIVERSITY, LEEDS. [Received, July 8th, 1929.] 





CCXCIII.—The Reduction of Nitro-compounds in 
Pyridine Solution. 
By Oscar L. Brapy, Jamzs N. E. Day, and Cepric V. REYNOLDs. 
Tue reduction of solid nitro-compounds with hydrogen sulphide or 
ammonium sulphide is generally carried out in alcoholic or aqueous- 


alcoholic solution; when, however, the nitro-compound is very 
sparingly soluble in these solvents the method is often unsatisfactory. 


This was found to be so with 2 : 4-dinitromethylaniline and as we 
required a considerable quantity of 4-nitro-2-aminomethylaniline in 
connexion with other work we investigated the reduction in other 
solvents. The most suitable was pyridine. A solution of the nitro- 
compound in this solvent with hydrogen sulphide in the presence or 
absence of ammonia or piperidine gave excellent yields of the 
reduction products. 
EXPERIMENTAL. 


Five methods were tried : (1) The action of hydrogen sulphide on a 
solution of the nitro-compound in pyridine containing a little water 
at 100°; (2) similar to (1), except that slightly more than the cal- 
culated amount of concentrated aqueous ammonia was added to the 
pyridine; (3) as in (2), the ammonia being replaced by an equivalent 
amount of piperidine; (4) the action of the theoretical amount of 
ammonium sulphide in the cold on a solution or suspension of the 
nitro-compound in cold pyridine; (5) as in (4), the ammonia being 
replaced by piperidine. The best method was found to depend on 
the particular nitro-compound. 

2 : 4-Dinitromethylaniline—Kehrmann and Messinger (J. pr. 
Chem., 1892, 46, 573) and Pinnow and Koch (Ber., 1897, 30, 2851) 
deseribe the reduction with alcoholic ammonium sulphide at 50°. 





NITRO-COMPOUNDS IN PYRIDINE SOLUTION. 2265 


Methods (2) and (3) gave a better yield and a cleaner product than 
method (1), and methods (4) and (5) were unsatisfactory. The 
dinitromethylaniline (5 g.) was added to a mixture of pyridine 
(50 c.c.) and aqueous ammonia (5 c.c.; d 0-880) and the suspension 
was saturated with hydrogen sulphide and then warmed to 100°, a 
slow current of the gas being passed for 2 hours; a deep red solution 
was then obtained. As much of the pyridine as possible was re- 
moved on the water-bath under reduced pressure, and the residue 
shaken with water (100 c.c.). After some time the red solid obtained 
was washed with water and extracted repeatedly with small quantities 
of boiling 2N-hydrochloric acid; the extracts were concentrated to 
100 c.c., cooled to 0°, and made alkaline with ammonia. The pre- 
cipitated base after crystallisation from hot water gave a 60%, yield 
of 4-nitro-2-aminomethylaniline. 

2 : 5-Dinitroaniline, 2: 5-Dinitro-p-toluidine, and 3: 5-Dinitro- 
p-toluidine.—The reduction of these compounds by method (2) gave 
good yields of 4-nitro-m-phenylenediamine and 5-nitro-2 : 4-tolyl- 
enediamine, previously prepared by the nitration, followed by 
hydrolysis, of diacetyl-m-phenylenediamine (Barbaglia, Ber., 1874, 
7, 1259) and of diacetyl-2 : 4-tolylenediamine (Ladenberg, .Ber., 
1875, 8, 211); and of 5-nitro-3:4-tolylenediamine, previously 
obtained by reduction of 3: 5-dinitro-p-toluidine with alcoholic 
sodium sulphide (Lindemann and Krause, J. pr. Chem., 1927, 115, 
256). 

4:6-Dinitromethyl-m-toluidine.—Attempts to reduce thiscompound 
with alcoholic ammonium sulphide gave poor yields. Methods 
(1), (2), and (3) were unsatisfactory, but good results were obtained 
by methods (4) and (5). A slight excess of the calculated amount of 
concentrated aqueous ammonia (5c.c.) was added to pyridine(35c.c.), 
half the mixture was saturated with hydrogen sulphide, and the 
other half added. This solution was at once added to a solution of 
4 : 6-dinitromethyl-m-toluidine (3 g.) in pyridine (20 c.c.), and the 
mixture immediately cooled in ice and vigorously stirred. After an 
hour the pyridine was removed in a vacuum at as low a temperature 
as possible, and the base purified through the hydrochloride as with 
4-nitro-2-aminomethylaniline. After crystallising from hot water 
or dilute alcohol, 6-nitro-4-aminomethyl-m-toluidine was obtained 
in dark red needles, m. p. 180° (Found: N, 23:3. C,H,,O,N, 
requires N, 23-2%). ‘The amino-group must be in the ortho-position 
to the methylamino-group, since on treatment with nitrous acid the- 
compound gave 5-nitro-1 : 6-dimethyl-1 : 2 : 3-benztriazole, which. 
separated from alcohol in light brown needles, m. p. 203° (Found : 
N, 29-3. C,H,O,N, requires N, 29-2%). 

m-Dinitrobenzene and «-Nitronaphthalene.—Method (1) was used. 
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A solution of m-dinitrobenzene (5 g.) in pyridine (48 ¢.c.) and water 
(2 ¢.c.) was heated on the water-bath and hydrogen sulphide slowly 
passed through during 4 hours. Removalof the pyridine as before, 
extraction with hydrochloric acid, neutralisation with ammonia, and 
extraction with ether gave, after crystallisation, a 67% yield of 
m-nitroaniline. «-Naphthylamine was obtained in a similar way from 
a-nitronaphthalene, but method (2) gave a better yield (76%). 

2:4: 6-T'rinitrotoluene.—The reduction of 2 : 4 : 6-trinitrotoluene 
with hydrogen sulphide presents special difficulties owing to. side 
reactions occurring between the trinitrotoluene and the alcohol, used 
as solvent, in the presence of alkalis. Under various conditions the 
following reduction products have been obtained: 6-nitro-2 ; 4-di- 
aminotoluene (Tiemann, Ber., 1870, 3, 217), 2 : 6-dinitro-4-amino- 
toluene (Holleman and Béeseken, Rec. trav. chim., 1897, 16, 425), 
2 : 4-dinitro-6-aminotoluene and 2: 6-dinitro-4-hydroxylamino- 
toluene (Anschiitz and Zimmermann, Ber., 1915, 48, 152; Cohen 
and Dakin, J.; 1905, 87, 1257). It was hoped that the use of pyridine 
would prevent the side reactions, but this was only partly achieved. 

Hydrogen sulphide was passed through a hot mixture of pyridine 
(25.c.c.) and piperidine (2 ¢.c.), and trinitrotoluene (5 g.) in pyridine 
(25 c.c.) added during an hour. The heating was continued, 
hydrogen sulphide still being passed, for a further 14 hours. Re- 
moval of the solvent under reduced pressure, extraction with hydro- 
chloric acid, and neutralisation of the extracts gave an orange pre- 
cipitate which, after crystallisation from benzene and light petroleum, 
was found to be 6-nitro-2 : 4-diaminotoluene, m. p. 130—131° 
(Found: N, 25:2. Cale.: N, 25-1%). A further quantity was 
obtained by extracting the neutralised solution with ether. 

A solution of piperidine (5-6 g.) in pyridine (25 c.c.) was saturated 
with hydrogen sulphide, cooled to 0°, and added slowly to a well- 
cooled solution of trinitrotoluene (5 g.) in pyridine (25 ¢.c.). After 
the mixture had been kept for 30 minutes at 0°, the product was 
poured into water, and the black tarry mass extracted repeatedly 
with boiling 2N-hydrochloric acid. When the extracts were made 
alkaline with ammonia, a precipitate was obtained which, after 
crystallising from benzene and light petroleum, consisted of 2 : 6-di- 
nitro-4-aminotoluene, m. p. 171°, as shown by comparison with an 
authentic specimen. The yield was poor (about 20%), but was 
somewhat better than that obtained by the use of alcoholic am- 
monium sulphide. 


THe Rawr Forster LABORATORIES OF ORGANIC CHEMISTRY, 
University CoLLeGEe, Lonpon. (Received, July 4th, 1929.] 
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CCXCIV.—T he Isomerism of the Oximes.., Part XXXV. 
The Amidoximes. 


By Oscar L. Brapy and Frank HERBERT PEAKIN. 


AMIDOXIMES are produced in a number of ways, by the action of 
hydroxylamine on nitriles (Lossen and Schifferdecker, Annalen, 
1873, 166, 295; Tiemann, Ber., 1884, 17, 128), on benzamidines 
(Pinner, Ber., 1884, 17, 185), on benziminoethyl ethers (Lossen, 
Ber., 1884, 17, 1588), on thioamides (Tiemann, Ber., 1886, 19, 
1668), and on imidochlorides (Ley, Ber., 1898, 34, 240); by the 
action of ammonia on ethylbenzhydroxamic acids (Lossen, loc. cit.) 
and on hydroxamyl chlorides (Werner, Ber., 1894, 27, 2197); and 
by the reduction of nitrosolic acids and of hydroxyamidoximes 
(Wieland and Bauer, Ber., 1906, 39, 1485). These methods of 
preparation generally leave the choice open between the following 
structures : 
R—C—NH, R—C—NH 
NOH NH-OH 
Amidoxime Hydroxyamidine 

This is, perhaps, best brought out by their formation from hydrox- 
amy] chlorides and ammonia, R-CCl-NOH + NH,—>R-C(NH,):NOH, 
and from imidochlorides and hydroxylamine, R-CCI-(NH + NH,-OH 
—> R-C-NH(OH)(°NH). The reactions and general properties of the 
compounds are, however, best explained by the amidoxime struc- 
ture; they form salts with alkalis like the oximes and do not reduce 
Fehling’s solution at all readily as do the N-substituted hydroxyl- 
amines. The numerous ring closures the amidoximes undergo are 
also best represented by means of the amidoxime structure (com- 
pare, for example, Tiemann and Kriiger, Ber., 1884, 17, 1696; 
Werner and Herberger, Ber., 1899, 32, 2691). 

In view, however, of the possibility of tautomeric change, it is 
not surprising that stereoisomeric forms of the amidoximes have 
not been obtained. An attempt has now been made to prepare 
such compounds by blocking the tautomerie system. For this 
purpose m-nitrobenzodimethylamidoxime, NO,°C,H,°C(-NOH)-NMe,, 
has been investigated. This compound was prepared by the action 
of dimethylamine on m-nitrobenzhydroxamyl] chloride. Only one 
isomeride was formed and all attempts to bring about stereoisomeric 
change were unsuccessful. With hydrogen chloride it yielded a 
monohydrochloride which regenerated. the original amidoxime with 
alkalis, ultra-violet light was without action upon it (compare 
Brady and McHugh, J., 1924, 125, 547), and the oxime was 
recovered unchanged by hydrolysis of its benzoyl derivative (com- 





2268 BRADY AND PEAKIN : THE ISOMERISM OF THE OXIMES. 


pare Brady and Thomas, J., 1922, 121, 2099; Brady and Grayson, 
J., 1924, 125, 1418). 

A possible explanation of the failure to obtain a second isomeride 
is that the amidoxime has a betaine-like structure, 


R-C—NH(CH,), R-C—NH(CH,), 
(I.) {| or I : (II.) 
—0 


Although there is evidence for the existence of trans-betaines 
(Pfeiffer and Haefelin, Ber., 1922, 55, 1769), the occurrence of the 
compound of structure (II) would probably be enough to stabilise 
one stereoisomeric form. That inner salt formation occurs seems 
likely in view of the facts that the substance has a pronounced 
yellow colour, yields colourless solutions with acids, and has very 
feeble acidic properties, the alkali salts being almost completely 
hydrolysed by water. Moreover, if the hydroxyl group was intact, 
one would expect it to be methylated fairly readily, but attempts 
to prepare the O-methyl ether were unsuccessful, either no reaction 
taking place or decomposition oceurring with the formation of 
m-nitrobenzodimethylamide and N-methylhydroxylamine; the latter 
reaction was probably due to the formation of an N-ether which 
hydrolyses with great ease : 


NO,-C,H,-CO-NMe, + NHMe-OH. 


An attempt to prepare the required O-methyl ether from m-nitro- 
benzmethoxamyl chloride and dimethylamine gave, rather unex- 
pectedly, only m-nitrobenzoic acid. 

As it was impossible to obtain the O-ether for study, the carb- 
ethoxy-derivative (III) of m-nitrobenzodimethylamidoxime and the 
carbomethoxy-derivative (IV) of m-nitrobenzomethylethylamidoxime 
were prepared. 

NO,°C,H,’C-NMe, NO,°C,H es 8 esc NO,°C,H,'C-NMeEt 
O-CO,Et 0-CO O-CO,Me 
(III.) (V.) (IV.) 
These were, however, found to be distinct compounds and did not 
pass into one another (V) under the usual conditions of betaine 
change. The failure of this experiment and the fact that m-nitro- 
benzodimethylamidoxime, unlike benzamidoxime (Tiemann, Ber., 
1891, 24, 4164; Pinnow, ibid., p. 4171), does not undergo a Beck- 
mann change make it impossible to suggest a configuration for the 
compound. 
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ExPERIMENTAL. 


m-Nitrobenzodimethylamidoxime.—A_ solution of dimethylamine 
in alcohol was prepared by adding sodium ethoxide solution (from 
sodium, 6 g., and absolute alcohol, 100 ¢.c.) to a solution of dimethyl- 
amine hydrochloride (21 g.) in absolute alcohol (50 c.c.) cooled in 
ice; the precipitated sodium chloride was removed, and the filtrate 
added gradually to an ice-cooled solution of m-nitrobenzhydroxamyl 
chloride (24 g.), prepared by Werner’s method (Ber., 1894, 27, 
2846), in absolute alcohol (50 c.c.). Heat was evolved, the liquid 
became deep yellow, and a pale yellow precipitate was formed. 
After 12 hours, the precipitated mm’-dinitrodiphenylfuroxan (7 g.) 
was removed, and the alcohol evaporated from the mother-liquor 
on the water-bath as far as possible. On cooling, a mass of crystals 
(12 g.) separated and was collected. The residual solution was 
treated with concentrated hydrochloric acid (20 c.c.), extracted 
with chloroform to remove non-basic impurities, and made alkaline 
with ammonia. The yellow crystalline precipitate (1-7 g.) was 
added to the 12 g. previously obtained and crystallised three times 
from dilute alcohol or from benzene and light petroleum, giving 
m-nitrobenzodimethylamidoxime in yellow prisms, m. p. 160° (Found : 
N, 20-3. C,H,,O,N, requires N, 20-1°%). The compound is spar- 
ingly soluble in water and in light petroleum, but readily soluble in 
alcohol, benzene, and chloroform. It dissolves in dilute acids to 
colourless solutions, but is insoluble in 2N-sodium hydroxide. 
Sodium ethoxide in alcohol gives a deep red coloration, which is 
destroyed by the addition of water. 

Two reactions occur when dimethylamine acts upon the hydrox- 
amyl chloride, leading to the production of the amidoxime and the 
diphenylfuroxan : 


R-CCLNOH -+- 2NHMe, —-> R-C(NMe,):NOH -++- NHMe,,HCI. 


: RC—CR 
2R-CCLNOH + 2NHMe, —> NO-NO + 2NHMe,,HCl. 

Addition of the solution of the hydroxamyl chloride to that of the 
amine reduces the yield of the dimethylamidoxime. 

m-Nitrobenzodimethylamidoxime, apart from some slight but pro- 
found decomposition, is unchanged by exposure in benzene solution 
in a silica vessel for 48 hours to the light of a quartz mercury- 
vapour lamp. It is unaffected by shaking with excess of methyl 
sulphate and sodium hydroxide solution. A quantity (2 g.) in 
benzene (30 c.c.) was boiled under reflux for 3 hours with dry silver 
oxide (2-3 g.) and methyl iodide (3-3 g.). After the solid had been 
separated and washed with hot benzene, the solution and washings 

4H 
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were evaporated and the residual oil was induced to crystallise by 
cooling in 4 freezing mixture and scratching. The crystals were 
pressed on a porous tile and crystallised from alcohol and then 
from light petroleum, m-nitrobenzodimethylamide being obtained in 
colourless prisms, m. p. 81° (Found: N, 14-7. C,H, ,0,N, requires 
N, 14:-4%). This compound was identified by comparison with a 
specimen prepared by adding m-nitrobenzoyl chloride (5 g.) in 
ether (15 c.c.) to a mixture of dimethylamine hydrochloride (2-2 g.) 
and 2N-sodium hydroxide (27 c.c.), cooling the whole in ice, and 
shaking it. After 12 hours, the ether and the solid were separated 
from the water and the latter was extracted with benzene. The 
solid and the ethereal and benzene solutions were heated to remove 
the solvents and the solid obtained on cooling was crystallised as 
before. 

The usual reagents do not bring about the Beckmann change of 
m-nitrobenzodimethylamidoxime. Phosphorus’ pentachloride in 
ether and concentrated sulphuric acid at 130° were without action 
and benzenesulphonyl chloride and dry sodium carbonate in chloro- 
form gave benzenesulphonyl-m-nitrobenzodimethylamidoxime, which 
separated from alcohol in colourless crystals, m. p. 138° (Found : 
N, 12-5. C,,;H,;0,;N,S requires N, 12-0%). With benzoyl chloride 
and 2N-sodium hydroxide, benzoyl-m-nitrobenzodimethylamidoxime 
was formed, which crystallised from dilute alcohol in yellow prisms, 
m, p. 152° (Found: N, 13-6. C,,H,,0,N, requires N, 13-4%). 

O- Methyl-m-nitrobenzamidoxime.—m-Nitrobenzamidoxime (16 g.), 
prepared by Schépff’s method (Ber., 1885, 18, 1063), was dissolved 
in sodium hydroxide solution (3-5 g. in 75 c.c. of water) and shaken 
with methyl sulphate (15 g.); after 30 minutes an additional 5 g. 
of methyl sulphate was added. The dark oil producéd was ex- 
tracted with benzene; after removal of the solvent it slowly solidi- 
fied. After four crystallisations from alcohol O-methyl-m-nitrobenz- 
amidoxime was obtained in bright yellow needles, m. p. 75° (Found : 
N, 21-5. C,H,O,N, requires N, 21-5%). No stereoisomeric change 
occurs when this compound is exposed in benzene to ultra-violet 
light. 

m-Nitrobenzmethoxamyl Chloride.—When a solution of the above 
O-ether (9 g.) in concentrated hydrochloric acid (8 c.c.), cooled in 
ice, was treated with a concentrated solution of sodium nitrite 
(4 g.), @ vigorous reaction occurred with the evolution of nitrogen 
and separation of a red oil. On distillation in steam and crystallis- 
ation from dilute alcohol, m-nitrobenzmethoxamyl chloride was 
obtained in pale yellow needles, m. p. 51° (Found: N, 13-5. 
C,H,0,N,Cl requires N, 13-1%). 

Cartcthoxy - m - nitrobenzodimethylamidoxime. — m - Nitrobenzoci- 
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methylamidoxime (4 g.) was suspended in dry chloroform (15 c.c.) 
and treated with ethyl chloroformate (0-9 c.c.) in chloroform (5 c.c.). 
After some hours the mixture was shaken with water (30 c.c.) and 
the chloroform layer was dried over sodium sulphate and evaporated ; 
the oil obtained solidified when kept for some days in a desiccator 
and on crystallising twice from benzene and light petroleum gave 
carbethoxy-m-nitrobenzodimethylamidoxime in very pale yellow 
prisms, m. p. 94° (Found: N, 14-9. ©,,H,,0,N, requires N, 14-9%). 
When it was heated at 180° for 5 minutes, some decomposition 
occurred, but most of the original compound could be recovered 
by crystallisation. 

Carbomethoxy - m - nitrobenzomethylethylamidoxime.—m - Nitrobenz - 
hydroxamyl] chloride (24 g.) in alcohol (50 c.c.) was treated with 
methylethylamine solution obtained from the hydrochloride (23 g.) 
and sodium ethoxide in alcohol (150 c.c.), the reaction mixture 
being cooled in ice. After 12 hours, concentrated hydrochloric acid 
(12 ¢.c.) was added, and the alcohol evaporated on the water-bath. 
Water (100 c.c.) was added :to the residue and: the solution was 
decanted from a red resin, which was further extracted with dilute 
acid. The united extracts were washed with chloroform to remove 
resin and the aqueous layer was made alkaline with sodium hydr- 
oxide. The precipitated oil soon solidified and crystallisation from 
alcohol gave m-nitrobenzomethylethylamidoxime in pale yellow 
prisms, m. p. 123° (Found: N, 18-9. C,)H,,;0,N, requires N, 
18-8%). This compound closely resembles in its properties the 
dimethyl analogue. Treated with methyl chloroformate in the 
way that substance was with ethyl chloroformate, it gave carbo- 
methoxy-m-nitrobenzomethylethylamidoxime, which crystallised from 
benzene and light petroleum in colourless prisms, m. p. 87° (Found : 
N, 14-9. C,,H,;0;N, requires N, 14-99%). A mixture of equal 
quantities of this compound and carbethoxy-m-nitrobenzodimethyl- 
amidoxime (m. p. 94°) melted at about 65°. It underwent no 
appreciable change on being heated at 160° for 5 minutes. 


THe Raps Forster LABORATORIES OF ORGANIC CHEMISTRY, 
Unrversity CoLLeGe, Lonpon. [ Received, July 4th, 1929.] 





CCXCV.—T he Isomerism of the Oximes. Part XXXVI. 
The Methylation of Aldoximes and Ketoximes. 
By Oscar L. Brapy and NavnirtaL MOHANLAL CHOKSEHI. 


THE work of Brady and Goldstein (J., 1926, 2403) on the quantit- 
ative methylation of aldoximes has been continued and extended 
to the ketoximes. The conclusion previously reached was that the 
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O-ether was formed by an ionic, and the N-ether by a molecular, 
reaction, the a-aldoxime by reason of its higher dissociation constant 
giving less of the N-ether than the §-aldoxime; for example, 
a-m-nitrobenzaldoxime (K, = 7-1 x 10“) gave 22% of N-ether, 
. and §-m-nitrobenzaldoxime (K, = 1-8 x 10°") more than 62% of 
N-ether. 

The oximes previously studied showed a marked difference 
between the dissociation constants of the two isomerides. A 
strong confirmation of the views expressed would be forthcoming 
if, from two isomeric oximes differing but slightly in their dis. 
sociation constants, approximately the same amounts of O- and 
N-ether were formed on alkylation. This has been found to occur, 
and Table I gives the results of the quantitative methylation of 
three such pairs of oximes. 

TABLE I. 
N-Ether/O-Ether. K,x 10". 

: 0-95 . 

: 0-85 . 
a-p-Nitrobenzophenoneoxime 21-15 
B-p-Nitrobenzophenoneoxime : 2-55 
a-Phenyl-p-tolylketoxime ; : 2-97 
8-Phenyl-p-tolylketoxime : 2-16 

Attempts have been made to measure the dissociation constants 
of «- and $-phenyl-p-tolylketoximes without success (Brady and 
Chokshi, this vol., p. 946), but from qualitative experience there is 
every reason to suppose that both isomerides have dissociation 
constants of about the same order. 

«-Furfuraldoxime is of interest, as it gives more N- than O-ether 
on methylation, and the qualitative observation that «-2-methoxy-|- 
naphthaldoxime gives more N- than O-ether (Brady and Goldstein, 
J., 1927, 1960) has been confirmed quantitatively, the ratio being 
1: 0-96. These are the first examples of «-aldoximes giving more 
N- than O-ether and demonstrate still further the unsoundness of 
drawing inferences of the constitution of parent substances from 
the structure of their methylation products. 

Acetophenoneoxime (K, = 0-33 x 10) and benzophenoneoxime 
(Kq = 0-50 x 10-4) give 1: 1-43 and 1: 1-16 of N- and O-ethers, 
respectively. The amount of N-ether formed is less than would be 
expected from the low dissociation constants of these oximes, but 
the quantity found must be regarded as a minimum. The N-ethers 
of the ketoximes are much more readily hydrolysed in alkaline 
solution than those of the aldoximes and are consequently decom- 
posed to some extent during the methylation process, with the 
formation of ketone and N-methylhydroxylamine; chloroform 
would remove the former with N-ether and O-ether, but not the 





pART XXXVI. METHYLATION OF ALDOXIMES AND KETOXIMES: 2273 


latter. Loss of N-methylhydroxylamine would decrease the 
amount of N-ether found, and the presence of ketone increase the 
0-ether. In addition the oximes, being feeble acids, would be 
partly extracted by the chloroform from the alkaline solution, again 
increasing the apparent amount of O-ether formed. The amount 
of N-ether formed from the phenyl-p-tolylketoximes (Table I) is 
probably also too small for the same reasons. 


ExPERIMENTAL. 


Quantitative Methylation —The method employed was similar to 
that of Brady and Goldstein (loc. cit.). The strength of the sodium 
oximate solution was 2, a slight excess of sodium hydroxide was 
present (0-032 mol. to 0-030 mol. of oxime), and one molecular 
equivalent of methyl sulphate was used. The methylation was 
carried out at room temperature. 

The following points call for special mention. The sodium salts 
of a-2-methoxy-l-naphthaldoxime, «-p-nitrobenzophenoneoxime, 
and «- and §-phenyl-p-tolylketoximes were sparingly soluble in 
water and in such cases from 25% to 50% of the water was replaced 
by methyl alcohol to ensure complete solution; the effect of this 
upon the ionisation of the salt was not considered to be sufficiently 
great to vitiate the comparisons (compare Brady and Goldstein, 
loc. cit.).. Owing to decomposition of the N-ether at the higher 
temperature, benzophenoneoxime was methylated at 0° for 2 hours 
with mechanical stirring. The results are in Table II, where W = 
weight of oxime used, w = weight of oxime unacted upon, VY = 
weight. of N-ether formed, 7’ = total weight of O- and N-ethers 
formed, all in grams, and N : (7’ — N) is the ratio of N- to O-ether. 


TABLE II. 


Oxime. WwW. w. 
a-Furfuraldoxime (1) 3:30 0-19 
(2) 3-41 0-29 

8-Furfuraldoxime (1) 3-12 0-18 
(2) 3-40 

a-2-Methoxy-l-naphthald- (1) 3-20 
oxime (2) 2-62 
a-p-Nitrobenzophenoneoxime 2-62 
8-p-Nitrobenzophenone- (1) 3-01 
oxime (2) 2-11 
a-Phenyl-p-tolylketoxime (1) 1-77 
(2) 1-34 

8-Phenyl-p-tolylketoxime (1) 0-80 
(2) 1-74 

Acetophenoneoxime 1-75 
Benzophenoneoxime 4-65 


Action of Ultra-violet Light on «-p-Nitrobenzophenoneoxime.—W hen 
the oxime (2 g.) in benzene (50 c.c.) was exposed in a quartz flask 
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to the light of a quartz mercury lamp for 72 hours, some p-nitro. 
benzophenone was formed, but most of the oxime was recovered 
unchanged. It seems that this method, often useful for obtaining 
8-aldoximes (Brady and McHugh, J., 1924, 125, 547), is not applic- 
able for preparing unstable ketoximes. 


THe Rawtrex Forster LABORATORIES OF ORGANIC CHEMISTRY, 
University COLLEGE, Lonpon. [ Received, July 4th, 1929.]} 





CCXCVI.—Optical Activity and the Polarity of Sub- 
stituent Groups. Part XI. sec.-8-Octyl Esters of 
Benzoic Acids containing Basic and Acidic 
Substituents. 


By H. Gorpon Rute, Jonn BraMwet Migs, and (in part) 
W. EocuHan MacGIxivray. 


Durtne the investigation of a number of /-menthyl esters of amino- 
and dimethylamino-benzoic acids (this vol., p. 401), great difficulty 
was experienced in isolating the pure compounds in good yield 
either by way of the acid chloride or by esterification in the presence 
of hydrogen chloride. Their preparation was ultimately achieved 
only by the sacrifice of an unduly large amount of menthol, and 
before undertaking the examination of similar esters of sec.-6-octy! 
alcohol, the optically active forms of which are much less accessible 
than menthol, it was considered advisable to discover a better means 
of approaching these compounds. 

Experiment showed that the alternative method previously 
employed for the preparation of /-menthy] o-dimethylaminobenzoate 
(loc. cit.) gave satisfactory results. The majority of the esters now 
described were therefore obtained from the methyl esters (purchased 
as such, or readily prepared from the free acids), which were added 
to d- or l-octyl alcohol (1 mol.) in which had been dissolved a small 
amount (0-05 atom) of metallic sodium. The mixture was main- 
tained at 130—140° in a small distilling flask, and a slow current 
of dry air was drawn through it for 3—4 hours. A distillate con- 
sisting chiefly of methyl and octyl alcohols was carried over, and 
the residue in the flask, after being washed, dried, and fractionated, 
gave the optically pure octyl esters in yields varying from 20 to 
40%, calculated on the methyl ester. The process is rapidly carried 
out, requires little attention, and the bulk of unused octyl alcohol 
is recoverable. The absence of racemisation during the reaction 
has been proved by hydrolysis, whereby the pure optically active 
alcohol was regenerated, and also in the case of /-menthyl esters by 
preparing the compounds by other methods. 
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The rotatory powers [M],;,,, observed for the various esters at 
about 16—17°, in the un-ionised state and also in the form of their 
hydrochlorides or alkali salts, are given below. Values for other 
wave-lengths of light will be found in the experimental section. 


d-sec.-8-Octyl o-substituted benzoates. 
Subst. Solvent. c. [M] )seer- Subst. Solvent. 
o-NH, EtOH o-CO,H Homog. (90°)* 
EtOH * 
o-NMe, »  Nasalt 


” ” 
” ” 


H,0, Na salt 


” ” 


+ 
te 
_ 
i] 

° 


ERRSSSBSERSE 
eo COOCrHsT.-« 


Homog. 

EtOH 
+ NaOEt 
+ KOEt 


” ” 


ne 


°°” ” 


Lit+++4+4+4+4++ 


d-sec.-8-Octyl m- and p-substituted benzoates. 

EtoH 6 +121 p-NMe, Homog. 
6 EtOH 

4 


» + 1HCl +119 
EtOH +163 + 1HCl 
» + 1HCl 


+109 p-CO,H EtOH * 
>» Na salt 
H,0, Na salt 


* See J., 1928, 178. ” ” 


CUO eC oron 


— 


In the above tables rotations are given as for d-octyl esters in 
order to facilitate comparison, although in some cases the measure- 
ments were actually carried out on the /-isomeride. For d-octyl 
benzoate (homog.) Pickard and Kenyon record [M/]%,, + 91-9° (J., 
1915, 107,115). 

Dispersion.—The dispersion of the octyl esters under discussion 
is not only considerably more complex than that of the correspond- 
ing /-menthyl esters, but becomes definitely anomalous in the cases 
of the o-amino- and o-dimethylamino-derivatives in alcoholic solu- 
tion. These basic esters exhibit a strong fluorescence and selective 
absorption in the violet region. For both compounds the dispersion 
of the hydrochloride is much less complex than that of the free 
base. d-Octyl salicylate, on the other hand, has a slightly complex 
dispersion in the homogeneous state®r in alcohol, and this becomes 
highly complex in alcohol containing a molecular equivalent of 
potassium ethoxide, the rotations in the latter case being negative 
in sign. The p-amino- and p-dimethylamino-benzoic esters have 
abnormally high rotations, and whether in the free state or in the 
form of the hydrochlorides are normal and approximately simple in 
their dispersion. Dispersion ratios «45,,/«;g9, are given on p. 2280, 


o-Substituted Benzoic Esters. 


Among these compounds, as among other optically active esters 
of o-substituted benzoic acids, the presence of a substituent of 
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0,p-directive type leads to a fall in rotatory power, which is very 
pronounced in the amino- and dimethylamino-derivatives. The 
effect of the hydroxyl group.is small, probably owing to its existing 
largely in the form of a chelate ring. It has previously been observed 
(loc. cit.) that both l-menthy] salicylate and /-menthy]l anthranilate 
have higher rotatory powers than the unsubstituted benzoate, and 
the abnormal influence of the o,p-directive grouping in these com- 
pounds has been ascribed to chelation. If this view is correct, the 
marked depression caused by the amino-group in the octyl series, 
coupled with the slight fall due to the hydroxyl, implies, first, that 
these octyl esters are less completely chelated than the correspond- 
ing menthyl compounds (a not improbable consequence of the 
greater intramolecular vibration due to the open octyl chain as 
compared with the rigid menthyl ring), and secondly, that the 
amino-group is less prone to enter into the chelate state than the 
hydroxyl group. The latter conclusion is in agreement with the 
chemical evidence. Sidgwick (“‘ The Electronic Theory of Valency,” 
p. 117) has expressed the opinion that “ with hydrogen, co-ordination 
only occurs readily if it is in a hydroxyl group, . . . when the 
hydrogen is attached to nitrogen, as in the amines, it can occur, 
but much less readily.” 

The relative changes produced by substituents when introduced 


into the o-position in octyl benzoate (I) and menthyl benzoate (II) 
can now be written as follows (° denotes in alcoholic solution) : 


I. NO.>CO,H>H,OH>Me>Br>Cl>I>OMe>NMe,>NH,°® 
II. NO,>CO,H>NH?>0H>H>I>Me>Br>NMe,> Cl> OMe 


It is evident that the differences between the two series are mainly 
due to the different positions taken up by the basic groups. 

Influence of Ionisation.—As in the case of the menthy] derivatives, 
the conversion of the basic esters into their hydrochlorides (form- 
ation of a positive pole) results in an increased rotatory power, 
although in the octyl compounds the values do not rise above that 
for the unsubstituted benzoates The transformation of octyl salicyl- 
ate into its potassium compound (formation of a negative pole) 
lowers the rotatory power to such an extent that the sign is inverted. 
This change is much greater than that undergone by menthyl 
salicylate under similar conditions. 

An interesting case is that of d-octyl hydrogen phthalate, in 
which the substituent in the ortho-position is m-directive in type. 
This ester, in the homogeneous state or in alcoholic solution, has a 
considerably higher rotatory power than the benzoate. In the 
form of the sodium salt, however, the value is diminished and falls 
rapidly with increasing concentration, a minimum ([M}’; = + 43°) 
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occurring in alcoholic solution at a concentration of c = ca. 18. In 
aqueous solution the rotatory power falls even more rapidly and 
becomes negative in sign at concentrations above c = 13. 

All the foregoing changes on ionisation are in the direction 
anticipated from the known orientation effects of positive and 
negative poles in benzene substitution, and may be summarised in 
the statement that an ortho-substituent of m-directive type tends 
to raise the rotatory powers of menthyl and sec.-8-octyl benzoates, 
whereas one of 0,p-directive type tends to diminish the values. 


p- and m-Substituted Esters. 


An amino- or a dimethylamino-group introduced into the 
p-position brings about an abnormal increase in the rotatory power 
of octyl benzoate. _Whereas the values of [M/],,,, for the p-toluic 
and the p-chloro-, -bromo-, -methoxy-, -nitro-, and -carboxy-esters 
all lie within the range 123—145°, the p-amino- and p-dimethy]l- 
amino-compounds possess the unexpectedly high rotations of 163° 
and 213°, respectively. The high rotatory powers are only a 
characteristic of the free basic esters, as the values for the hydro- 
chlorides are of normal magnitude. 

In the case of octyl hydrogen terephthalate the ionisation of the 
carboxyl group is almost without effect, resulting only in a rise of 
2—3°. Sodium octyl terephthalate also differs from the ortho- 
isomeride in having a rotatory power which is practically inde- 
pendent of the concentration. 

Octyl m-aminobenzoate was the only meta-derivative prepared, 
and the properties of this compound lie between those of the ortho- 
and para-isomerides. Attempts to isolate octyl hydrogen isophthal- 
ate and the m- and p-hydroxybenzoic esters were unsuccessful. 

The influence of substituents in the para-position does not appear 
to conform rigidly to any simple generalisation, although the sug- 

-gestion made in an earlier communication (J., 1928, 181) that it is 
of the general polar type covers the majority of cases. A com- 
parison of the rotatory powers of various p-substituted octyl 
benzoates gives the following sequence : 


NMe,H. NO,.* CO,H. Brt OMe. Cl Me H. 
[MYR see 147. 1452 145° «140° «1362124123598 


* By interpolation (J., 1926, 2116). + Rule and Paul, unpublished result. 


It will be observed that the esters having the highest rotations 
are those in which a positive pole or other group with a powerful 
attraction for electrons is directly attached to the para carbon 
atom : the lowest values are for the esters of the less acidic toluic 
and benzoic acids. The order of these groups agrees approximately 

4H2 
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with the series, NO,, CO,H, Cl, Br, OMe, H, Me, deduced from the 
rate of hydrolysis of p-substituted benzyl chlorides (Olivier) and 
the esterification of substituted benzoic anhydrides (Rule and Pater- 
son, J., 1924, 125, 2155). The direction of the change in rotation 
also corresponds with the influence of these groups in the mono- 
substituted acetic esters (J., 1925, 127, 2188; 1926, 3202). There 
is thus some evidence in support of the view that the general polar 
influence is the main effect operating among the p-substituted 
benzoic esters of octyl alcohol. 

On this supposition, however, exceptional values of [M];,,, are 
given by the p-dimethylamino- (213°) and the p-amino-ester (un- 
ionised, 163°; ionised, 102°). The abnormally high rotations of 
the basic esters are accompanied by high boiling points (p-NH,, 
200°/8 mm.; p-NMe,, 180°/1-8 mm.) as compared with a normal 
ester (e.g., p-OMe, 189°/13 mm.), and were thought to indicate 
molecular association. Molecular-weight determinations in benzene 
solution gave normal values (272, 276; calc., 278), and hence 
negative the idea of intermolecular association, although there 
remains the possibility that the optical properties are a result of 
interaction between the two groups in the para-position. The 
unusual physical properties of isomeric benzene derivatives con- 
taining an amino- or a dimethylamino-group and an ester group 
have been commented upon by Sidgwick (J., 1920, 117, 392). 

Another rotatory power which is not in agreement with the 
general polar hypothesis is that of sodium octyl terephthalate, 
which tends to be higher than for the free acid ester. In this 
connexion it is well known that carboxylic acids form definite 
complexes with esters (Kendall and Booge, J. Amer. Chem. Soc., 
1916, 38, 1712), hence the molecular rotation calculated for the 
acid ester (containing both carboxyl and ester groups) may not 
represent that of the simple p-carboxy-compound. In addition, 
the influence of the negative pole in the salt would be expected to: 
be considerably diminished owing to the intervention of a carbon 
atom between it and the benzene nucleus. 


EXPERIMENTAL. 


The following esters were prepared by the method already 
described from methyl esters which had been purified by recrystal- 
lisation or fractional distillation. For further experimental details, 
see previous communications. 

]-sec.-8-Octyl anthranilate was obtained as an odourless, pale yellow 
oil, b. p. 183°/10 mm., having a pronounced violet fluorescence 
(Found: N, 5-8. C,;H,,0,N requires N, 5-6%). After determin- 
ation of the rotatory power, the remaining ester was hydrolysed; 
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the liberated alcohol after a single distillation had «1% = — 8-08° 
(|= 1) (for original alcohol, «jf = — 8-12°). Owing to the small 
amount available, further fractionation was not attempted, but it 
is evident that the optical activity had not been affected appreciably 
(see also Pickard and Kenyon, on the action of alkalis on esters of 
optically active secondary alcohols, J., 1911, 99, 62). 

1-8-Octyl p-aminobenzoate, b. p. 200°/10 mm., formed a white 
solid on cooling. After recrystallisation from light petroleum it 
melted at 69—70°. Gentle warming with excess of aqueous hydro- 
chlorie acid, followed by evaporation in a vacuum, gave the solid 
hydrochloride, m. p. 131—133°; yield of optically pure ester, 21% 
of the theoretical (Found, by ter Meulen’s catalytic method: N, 
56. C,;H,,0,N requires N, 5-6%). 

d-B-Octyl o-dimethylaminobenzoate, b. p. 126°/0-2 mm., was ob- 
tained (yield, 22%) as an odourless and almost colourless liquid. 
It has a violet fluorescence and is soluble in dilute acids (Found : 
N, 5:2. C,,H,,O,N requires N, 5-1%). 

d-8-Octyl p-dimethylaminobenzoate, b. p. 180°/1-8 mm. (yield 40%), 
is a colourless oil with a violet fluorescence. Unlike the menthyl 
ester, it is soluble in dilute acids. Considerable difficulty was 
encountered in attempting to analyse this ester for nitrogen by the 
Dumas method, variable amounts of an inflammable gas (probably 
methane or ethane) escaping oxidation and being collected with 
the nitrogen. Analysis was readily effected by ter Meulen’s hydro- 
genation method, nickel being used as catalyst (Found: N, 5-0. 
C,7H,70,N requires N, 5-05%). 

d-6-Octyl salicylate, b. p. 170°/10 mm., distilled as a colourless 
oil (yield, 39%), miscible with organic liquids (Found: C, 71-9; 
H, 9-0. C,;H,.O, requires C, 71-9; H, 8-8%). 

The alkyloxide method gave unsatisfactory results in the case of 
the m-aminobenzoate, of which only a 10% yield of crude ester 
‘fwas obtained. This compound was therefore prepared by reducing 
the optically pure l-octyl m-nitrobenzoate (Rule and Numbers, J., 
1926, 2116) with aluminium amalgam as recommended by Auwers 
and Rohrig (Ber., 1897, 30, 989), double the amount of amalgam 
employed by these authors being used. The pale yellow 1-octyl 
m-aminobenzoate was collected at 195—198°/18 mm., but as slight 
decomposition appeared to occur it was not further fractionated 
(yield, 20%). Attempts were made to discover a solid derivative 
by which purification could be effected, but without success, and 
the ester was then analysed and examined in the crude state (Found, 
by ter Meulen’s method : N, 5-3. C,;H,,0,N requires N, 5-6%). 

No yield of octyl ester was obtained by the alkyloxide method 
from methyl m- or p-hydroxybenzoate, probably owing to the 
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insolubility of the sodium derivative under the conditions of experi. 
ment; nor was it practicable to convert the free m- or p-hydroxy. 
acid into the octyl ester, either by direct esterification or by the 
use of thionyl chloride (compare menthy] esters, this vol., p. 403). 

The rotatory powers of sodium d-octyl phthalate and terephthalate 
were determined in 5% aqueous and alcoholic solutions. As the 
rotatory power of the phthalate was found to vary markedly with 
the concentration, the determinations with both isomerides were 
extended up to the neighbourhood of the saturation points. The 
terephthalate required for this purpose was prepared by the half 
hydrolysis of di-d-octyl terephthalate dissolved in pure d-octy] 
alcohol (J., 1928, 178). Di-d-octyl isophthalate was also prepared 
as an oil which could not be distilled without decomposition, but 
an attempt to convert this into the octyl hydrogen isophthalate by 
the same method led only to the isolation of potassium phthalate 
and unchanged ester. 


Measurements of Rotatory Power. 


The following measurements were made at room temperature 
(15—17°) in a 2-dem. tube, except in cases marked * for which 
1=1. References to hydrogen chloride and sodium or potassium 
ethoxide denote molecular equivalents. Rotations for. 5461 have 
already been given (p. 2275). 


Solvent. c. [Mgsss- 4358/2580: 


[Meros- ([M]ssss- 
1-8-Octyl anthranilate. 


*EtOH 
EtOH + HCl 


*EtOH 
*EtOH + HCl 


*EtOH 
*EtOH + HCl 


Homog. 
EtOH 
*MeOH 


6-033 
5-517 


— 25° 


— 41:8 


— 23° 
— 547 


1-8-Octyl m-aminobenzoate. 


6-391 
6-160 


— 92-8 


— 77:3 


— 108 
— 102 


1-8-Octyl p-aminobenzoate. 


4-317 
4-051 


(dy 0-9772) 
5-112 
4-714 


—107 


— 843 
d-B-Octyl o-dimethylaminobenzoate. 


+ 23-2 
+ 24-1 


* —134 
— 96-0 


+ 281 
+ 29-6 


+ 67° 
— 97-9 


—226 
[—204] ? 


0-41 


4-975 + 47-9 + 57-9 2-06 
d-B-Octyl p-dimethylaminobenzoate. 


Homog. (di? 0-9897) +1141 +156-4 
EtOH 5-069 +131 4174 
EtOH + HCl 5-009 + 897 +123-0 


1 These figures are approximate only; owing to the strong absorption of 
violet light they were determined in a 0-5-dem. tube. 


*EtOH + 1HCl 


[+372]? 2-38 
+431 2-48 
+271 2-21 
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Solvent. Cc. [M]ezos- [M1 ]ss93- [M]js53-  %4353/45s03- 
d-B-Octyl salicylate. 


*Homog. (di 1-009) + 592 + 782 +1415 1-81 
EtOH 5-023 + 670 + 93-1 +155 1-67 
EtOH + KOEt 5546 — 45 — 133 —139 10-42 


(With W. E. MacGriuivray.) 
Sodium d-B-octyl phthalate. 


+205 
+162 
+ 81-8 
+ 100°5 
+238 
+ 68-3 
— 415 
— 98-4 


bo bo bo 
o2nn 


11+ +++ 
vo | meow | 
= 
eae 
ada 
—bdo > 


to 


SSe” oor 
Gh woe 


Sodium d-B-octyl terephthalate. 
0-9932 * —_ — +256 
H,O 10152 +104 +137 +318 
5-009 +104 +143 +318 
14-54 +103 +140 +305 
1 In a 4-dem. tube. 
2 In a 4-dem. tube. The salt is very sparingly soluble in alcohol. 


Summary. 


The examination of optically active sec.-8-octyl esters of benzoic 


acids containing ionisable substituents shows that the relative 
changes in rotatory power due to different ortho-substituents are as 
follows : 


NO,>CO,H>H,OH>Me>Br>Cl>I>OMe>NMe,>NH,. 


Ionisation of the carboxyl or hydroxyl group strongly depresses 
the rotatory power, and in both cases the sign of the rotation may 
be inverted. Ionisation of the basic groupings leads to a consider- 
able increase in rotatory power. The free basic esters exhibit 
anomalous dispersion. 

Among the para-compounds, the dimethylamino- and amino- 
esters have abnormally high rotations, which fall to a normal level 
on ionisation. The ionisation of a p-carboxyl group produces no 
appreciable change. 

The o- and p-amino- and -dimethylamino-esters and octyl] salicyl- 
ate are readily prepared in the optically pure state by heating the 
corresponding methyl esters with octyl alcohol in which a small 
amount of metallic sodium has been dissolved. 


UnIvERSITY OF EDINBURGH. [Received, September 2nd, 1929.] 
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CCXCVII.—The Solubility of Sodiwm Thiocyanate in 
Water and in Organic Solvents. 


By Owen Lewis HucHEs and Tuomas Hopson MEap. 


TuHIs investigation deals with the determination of the solubility 
of sodium thiocyanate in water, acetone, ethyl alcohol, methy| 
alcohol, and nitromethane, for which no data are at present available, 
The method, due to Hartley and Thomas (J., 1906, 89, 1013), 
consists in heating the solid thiocyanate with the solvent in a 
sealed tube until one or two small crystals remain; two temper. 
atures are then noted such that at one the sharpness of the crystal 
edges indicates that they are growing, and at the other their round- 
ness shows that they are dissolving. Since these two temperatures 
never differed by more than 0-5°, their mean may be taken as the 
temperature of saturation. This method is very convenient for 
volatile organic solvents, and is particularly suited to the case of 
sodium thiocyanate, which is both hygroscopic and extremely 
soluble. 

Sodium thiocyanate was prepared by heating A. R. ammonium 
thiocyanate with an equimolecular proportion of caustic soda in 
aqueous solution until no more ammonia was evolved. The solution 
was then evaporated until sodium thiocyanate crystallised. The 
product was crystallised once from ethyl alcohol, once from acetone, 
and finally from ethyl alcohol, the centrifuge being used to remove 
the last traces of mother-liquor. 

Owing to the extreme deliquescence of sodium thiocyanate, the 
following method of introducing the salt into the tubes was adopted. 
The tube was weighed with a rubber cap and transferred to an oven 
at 130°. The thiocyanate was kept in the same oven, and intro- 
duced into the tube while still hot. The tube was then quickly 
constricted in a flame, allowed to cool in a desiccator, and weighed 
with the cap on. The solvent was then introduced by means of a 
roughly calibrated pipette, the constriction sealed up, and the tube 
and cap weighed again. 

The thermometer, graduated in 0-2°, was standardised at 
the melting point of ice, the transition point of the system 
Na,SO,,10H,O—=Na,SO,+10H,O, and in steam. In each case 
there was a correction of — 0-2°. 

In the tables, s denotes grams of sodium thiocyanate (NaCNS) 
dissolved by 100 g. of solvent. 

Water —Conductivity water was used. There is a sharp break 
in the curve at about 30°. This transition point was also deter- 
mined by the thermometric method, and two independent experi- 
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ments with different samples gave transition temperatures of 30-5° 
and 30-3°. The composition of the hydrated salt was found to 
correspond to the monohydrate (Found: H,0, 20-0, 20-6. Cale. 
for NaCNS,H,O: H,0, 20-4%). 
Fie. 1. 
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0 mS 
0° 20° 40° 60° 80° 100° 
Temperature. 
I. Solubility curves for NaCNS,H,O and NaCNS in H,0. 
II. Solubility curve for NaCNS in MeOH. 


III. Ee ve ,, NaCNS in EtOH. 
IV. Ss ss ,, NaCNS,C,H,O in acetone. 


NaCNS, H,0O, Equil. NaCNS, H.,0O, Equil. 

g.- g- 8. temp. g- g- 8. temp. 

0:3870 03436 112-7 10-7° 0-6866 0-3856 178-0 46-1° 
0-7354 0-5768 127-5 17°3 0-8364 0-4414 189-5 65:8 
0-4484 00-3224 139-3 21-3 0:9310 0-4744 196-2 73°8 
0-4720 0-8790 167-5 29-2 0-9346 0-4626 202-0 81-8 
0-8258 0-4790 172-4 33°8 09050 00-4012 225-6 101-4 


Methyl Alcohol.—Conductivity methy] alcohol was used (Hartley 
and Raikes, J., 1925, 127, 524). For the tube which came to 
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equilibrium below room temperature, a device described by Ham. 
mick and Mullaly (J., 1921, 119, 1802) was employed, a pocket 
being blown in the side of the tube by means of which some crystals 
could be kept out of the solution until the tube was put into the bath. 
NaCNS, MeOH, Equil. NaCNS, MeOH, Equil. 
g- g- &. temp. g- g- 8. temp. 
0:2510 0-7166 35-00 15-8° 0-35 0-6866 50-98 48-0° 
0-1859 00-4643 40-04 24-7 0-2208 00-4285 51-5 48-9 
0-2290 05072 45-14 34-6 0-6505 11-2151 53-54 52-3 
Ethyl Alcohol_—Conductivity aleohol was used (Woolcock and 
Hartley, Phil. Mag., 1928, 5, 1133). 
NaCNS, EtOH, Equil. NaCNS, EtOH, Equil. 
g- g. 8. temp. g- g- 8. temp. 
0-1382 00-7521 18-37 18-8° 0-1475 0-6645 22-20 59-6° 
0-2580 1-3544 19-05 35-8 0-1382 0-6124 22-60 61-8 
0-1820 00-9410 19-34 39-6 0-1165 0-4770 24-43 70-9 
0-1438 06832 21-05 52-8 
Acetone.—Poulenc’s best acetone was dried over anhydrous 
potassium carbonate, fractionated twice, and finally distilled in a 
current of pure dry air: this purification was carried out by Mr. 
Ross Kane for conductivity measurements, and he will publish 
details shortly. It was suspected that the sodium thiocyanate 
formed a compound with acetone, so crystals from this solvent 
were centrifuged, weighed, heated to about 130°, and weighed 


again. As the results were discordant, a specimen of the compound 
was kept for a day over anhydrous sodium thiocyanate in a desic- 
cator to remove any excess of acetone. The analysis corresponds 
to an equimolecular compound (Found: C,H,O, 45-3, 45-8. 
NaCNS,C,H,O requires C,H,O, 45-0%). 


NaCNS, C,H,0, Equil. | NaCNS, C,H,0O, Equil. 
g. g- 8. temp. g. g- 8. temp. 
0-1040 = 1-5192 6-85 18-8° 0-2608 1-4016 18-61 51-0° 
0-1965 2-0691 9-50 29-2 0-1996 0-9332 21-40 56-0 
0-3812 2-7066 14-08 41-9 
Nitromethane.—Solubility measurements by the sealed tube method 
proved impossible, since the concentration of the saturated solution 
was only about 0-02M. 
The solubilities in the various solvents have been plotted in the 
accompanying diagram. 


The authors desire to thank Sir Harold Hartley, F.R.S., for his 
advice during the course of this investigation. 
' Prysicat CHEMISTRY LABORATORY, 


BaLuio~n COLLEGE AND TRINITY COLLEGE, 
OXFORD. [Received, August 20th, 1929.] 
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CCOXCVIII.—The Effect of Proteins on the Coagulation 
of Bentonite Suspensions by Electrolytes. 


By BuurenpRA Natu GuHoss. 


It is well known that when a hydrophilic colloid such as gelatin is 
added in sufficiently high concentration to a hydrophobic one, it 
protects it against coagulation by electrolytes. At low concen- 
trations, however, it often produces the reverse effect, either 
coagulating the hydrophobic sol or making it sensitive to the action 
of electrolytes. The sensitising action of albumin on ferric hydr- 
oxide sol, discovered by Pauli and Flecker (Biochem. Z., 1912, 41, 
470), was investigated by Brossa and Freundlich (Z. physikal. 
Chem., 1915, 89, 306), who found that addition of pure electro- 
dialysed albumin diminishes the cataphoretic velocity of the ferric 
hydroxide sol and greatly facilitates its coagulation by electrolytes. 
Similar results have been obtained with other pairs of hydrophilic 
and hydrophobic colloids (compare Freundlich, ‘‘ Colloid and Capil- 
lary Chemistry,” pp. 582—589). Low concentrations of gelatin 
coagulate Carey Lea’s silver sol, but high concentrations protect it. 

In many cases, the hydrogen-ion concentration of the sol (or, 
more correctly, that of the final mixture) has been found to be an 
important factor. Thus, gelatin coagulates a negative gold sol if 
it is feebly acidic, but protects it if slightly alkaline. Freundlich 
(op. cit.) at first attributed the sensitising action of the hydrophilic 
sols to their capacity to form colloid ions bearing a charge opposite 
to that of the hydrophobic colloid.. Later investigations have, 
however, shown that this simple explanation does not cover all the 
known facts. Kruyt and co-workers (Z. physikal. Chem., 1922, 
100, 250; Kolloid-Z., 1922, 31, 338) have observed that tannin 
transforms many hydrophilic into hydrophobic colloids, 1.e., it 
sensitises them, and Brossa (Kolloid-Z., 1923, 32, 107) has shown 
that it makes both positive and negative dye sols sensitive to the 
action of electrolytes. Tannin is only slightly dissociated in solu- 
tion and is not amphoteric like the proteins; hence its sensitising 
action cannot be due to the formation of colloid ions. Kruyt (loc. 
cit.) therefore suggests that tannin molecules can be considered as 
polar, and when they come into contact with agar or gelatin particles 
they orient themselves in such a way that their hydrophobic ends 
project into the solution. It may be mentioned that non-colloidal 
non-electrolytes, such as amyl alcohol, phenol, thymol, etc. (com- 
pare Kruyt and van Duin, Koll.-Chem. Beih., 1914, 5, 269; Freund- 
lich and Rona, Biochem. Z., 1917, 81, 1871), also sensitise the hydro- 
phobic colloids. The phenomenon is therefore very complicated. 
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This has been clearly recognised by Freundlich, who says (Bogue, 
“‘ Colloidal Behaviour,’’ Vol. I, p. 313) : qin any case, we have the 
following choice in dealing with this problem. If we desire a 
general solution, the influence of colloidal ions is certainly not 
sufficient and it is necessary to test the hypothesis employed in the 
case of tannin to determine if it is generally valid. Or we may 
abandon the hope of a general solution and assume that the increased 
sensitivity is due to different factors in different cases.’’ The present 
work was undertaken with a view to determine the effect of protein 
sols in the coagulation of bentonite suspensions by electrolytes at 
different py. 

The proteins used were gelatin, casein, and egg albumin. The 
first two were purified by repeated washing with Uilute acetic acid 
solution and then with distilled water, as suggested by Loeb (J. 
Gen. Physiol., 1918, 1, 45). The ash content of gelatin was 0-2°%,, 
and that of casein 1-2%. The egg albumin sol was prepared from 
commercial dried material without purification. The suspension 
was prepared by shaking finely powdered bentonite with distilled 
water in a Pyrex-glass bottle for about 4 hours, and diluting it till 
it contained 1 g. of bentonite per 100 c.c. of sol. Every time 
before use the bottle containing the suspension was vigorously 
shaken. On the alkaline side of the isoelectric points of the proteins 
the order in which the constituents were added was: bentonite 
suspension, protein sol, water, and finally electrolyte. The volume 
of water added was so adjusted that in every case the final volume 
of the mixture was 50 c.c. The coagulation experiments were 
carried out in tall measuring cylinders. When the fine particles of 
bentonite aggregate and begin to settle, a sharp boundary is generally 
formed at the top of the suspension, and the rate of fall of the 
coagulated particles can therefore be determined by measuring the 
rate at which this boundary settles. The results are given in 
Table I. The py of the bentonite suspension was 8-2, that of the 
2% gelatin sol 8—8-2, and the final py 8—8-2. 

It will be seen from the above data that even at py 8—8-2 the 
rate of coagulation of the bentonite suspension by sodium or barium 
chloride is accelerated by the addition of small quantities of gelatin, 
but further quantities retard the coagulation and finally the sus- 
pension is protected. The data in Table I further show that for 
the same amount of sodium chloride the rate of coagulation of the 
suspension is greater the lower its concentration: for 15 c.c. of 
12% sodium chloride the 0-5% suspension settles only 2 mm. in 
34 hours, whereas the 0-1% suspension settles 4-0 mm. per hour. 
Further, it appears that, other factors remaining constant, the 
protective action exerted by a given amount of gelatin is the greater 
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TABLE I, 
(a) Electrolyte, NaCl. 


Volume of 1% bentonite suspension used = 25 ¢.c. 


Vol. of 12% NaCl added, ec.c. ... 0 0 1 8615 15 15 15 
Vol. of 2% gelatin added, c.c. ... 0 5 0 0-1 0-5 2-5 5-0 
Boundary fall, mm./3} hours ... 0 0 2 45 30 24 15 


(In the last solution, the liquid at the top was turbid, showing that pro- 
tection had begun.) 


Volume of 1% bentonite suspension used = 5 c.c. 


Vol. of 12% NaCl added, c.c. ......... 0 0 15 
Vol. of 2% gelatin added, c.c. ......... 0 10 60 


Fall of boundary, mm. per{ 


7 mins. 0 0 0 
1 hour 0 4- 


(6) Electrolyte, BaCl,. 
Volume of 1% bentonite suspension used 


Vol. of 0-1N-BaCl, added, c.c. ......... 0 
Vol. of 2% gelatin added, c.c. ......... 0 
4mins. 0 


Fall of boundary, mm. per wen 6 


the less concentrated the suspension, for in presence of 5 c.c. of 2% 
gelatin and 15 c.c. of 12% sodium chloride the rate of clearance of 
a 0-5% suspension is 15 mm. in 3} hours or 4-3 mm. per hour, 
whereas under the same conditions in the case of the 0-1% sol it is 
only 2 mm. per hour. 

Some experiments were carried out in which 1 c.c. of 0-1N-sodium 
hydroxide was added to 10 c.c. of 1% bentonite suspension, and the 
effect of gelatin on its rate of coagulation by sodium chloride was 
determined. The results are given below, the final volume being 
50 c.c. and the final py 10-8—11-2. 


Vol. of 12% NaCl added, c.c. ......... 0 
Vol. of 2% gelatin added, c.c. ......... 0 


15 mins. 0 
Fall of boundary, mm. per{ 37 aiiied: @ i 1 


The above data show clearly that even at py 11 gelatin sensitises 
the bentonite suspension. It should also be noticed that within 
Pu 8—11 gelatin alone cannot precipitate the suspension. 

Experiments similar to those described above were also tried 
with casein and egg albumin sols. The sols were prepared by 
dissolving 2 g. of the solid in 20 c.c. of 0-1N-sodium hydroxide and 
diluting the volume to 100 c.c. The results are given in Table II, 
10 c.c. of 1% bentonite suspension being used in a final volume of 
50 ¢.c. in each case. 
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TaBLe II. 






Casein and sodium chloride. 
Vol. of 12% NaCl added, c.c. ......... 0 0 10-0 100 10-0 10-0 
Vol. of 2% gelatin added, c.c. ......... 0 20 0 0-2 10 50 
10 mins. 0 0 0 9 8 0 
Fall of boundary, mm. per{ 70 ins, 0 0 6 ae abs 0 















Casein and barium chloride. 





Vol. of 0-1N-BaCl, added, c.c. 0 0 20 20 20 20° 2:0 
Vol. of 2% casein added, c.c. 0 20 O 0-2 10 10-0 20-0 
Fall of boundary, f 4 mins.... 0 0 0 2 1-5 1-5 0 
mm, per 15 mins. ... 0 0 2 10 7 5 0 
Egg albumin and sodium chloride. 
Vol. of 12% NaCl added, c.c. ......... 0 o 1 #1 #210 + 10 
*Vol. of albumin added, c.c._......... 0 1-0 0 0-2 10 20-0 







10 mins. 0 0 0 2 20 3 
75 mins. 0 0 6 30 —_ —_— 
(In the last case, the upper liquid was slightly turbid, protection having 
started.) 
* The concentration of the albumin sol was originally 2%, but, as part of 
the albumin separated on standing, it was somewhat less at the time of the 
experiments. 


Fall of boundary, mm. per{ 









In the above experiments the pg of the mixture in which the 
bentonite separated quickly, leaving a clear liquid at the top, was 
found to be 8—8-4. The data show clearly that, like gelatin, at 
low concentrations casein and egg albumin sensitise the bentonite 
suspension, but at high concentrations they begin to exert a pro- 
tective action; in this respect egg albumin appears to be inferior 
to the other two. 

Some results are recorded in Table III in which the hydrogen-ion 
concentration of the mixtures was on the acid side of the isoelectric 
points of the proteins. As the bentonite suspension was slightly 
alkaline, a small quantity of hydrochloric acid was added to it to 
diminish the py. In each case 10 c.c. of 1% bentonite suspension 
were used together with 1 c.c. of 0-1N-hydrochloric acid. 

It will be noticed that on the acid side of their isoelectric points 
the proteins can coagulate the bentonite suspension without the 
addition of any salt. In these cases the hydrogen-ion concentration 
is such that the proteins can form a sufficient number of colloid 
kations and thus neutralise the negative charge of the suspension. 
In this region, therefore, the Freundlich theory of colloid-ion form- 
ation can account for the observed facts. The real difficulty, how- 
ever, is apparent when one tries to explain the sensitisation observed 
between pq 8 and 11. The isoelectric points of the three proteins 
used in these experiments all lie below py 5; it is therefore doubtful 
whether there can exist any protein kations at py 8, and still more 
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TABLE ITI. 


Gelatin. ; 
ie Final pa of mixture, 3-4—3-6. 
0 Vol. of 1% gelatin 
0 sol added, c.c. Distance fallen by the boundary in 15 mins. ; 

0 0 a 
0-2 15mm. Upper liquid slightly turbid. . 
2-0 1-0 20 mm. Upper liquid quite clear. 
0-0 5-0 The suspension settles partly ; upper liquid very turbid. 
0 
0 Casein. 
Final pg of mixture, 3-2—3-6. 
0 Vol. of 2% casein sol added, c.c. Distance fallen by the boundary in 5 mins. 
0-0 0 0 
3 0-2 2mm. Upper liquid clear. 
4 1-0 12mm. Upper liquid clear. 
: 5-0 11 mm. Upper liquid slightly turbid. 
img 
Egg albumin. 
t of : 
the *Vol. of egg albumin sol ; 
added, c.c. Distance fallen by the boundary in 15 mins. F 
0 0 4 
the 0-2 10 mm. Upper liquid clear. f 
1-0 10mm. Upper liquid clear. 
vas 38-0 2mm. Upper liquid turbid. 
at * The concentration of the sol was somewhat less than 2% (see footnote, : 
ute Table IT). \ 
ro- 3 
ior so at px 1l. The proteins (e.g., gelatin), however, can sensitise the is 
suspension at both these p,’s, so it is highly improbable that the i 
ion sensitisation is due to the partial neutralisation of the negative : 


ric charge by the protein kations at py 8 or pq ll. It has already been 
tly stated that non-electrolytes such as thymol, urethane, etc., can 
to sensitise a hydrophobic colloid; in their case it is generally assumed 
ion that they diminish the dielectric constant of the medium and 
thereby the electrokinetic potential of the colloid particles. It is 
nts possible that the proteins are strongly adsorbed on the surface of 
ihe the bentonite particles and hence considerably diminish the dielectric 





ion constant in their immediate neighbourhood, thus causing a decrease 
id in the electrokinetic potential and therefore in the stability. It is 
on. also possible that the proteins on being adsorbed on the surface of 
m- the bentonite particles undergo an irreversible change similar to 
w- those occurring in the process of denaturisation. Freundlich 


ed (Bogue, op. cit., Vol. I, p. 307) cites evidence of such a change in 
ins the case of albumin-ferric hydroxide sol. A change of this type is 
ful also likely to affect the force of attraction between the bentonite 
particles as well as their electrokinetic potential. 
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Summary. 

The effect of addition of gelatin, casein, and egg albumin on the 
coagulation of bentonite suspensions by sodium and barium chlorides 
at different py’s has been studied. It has been found that on the 
alkaline side of their isoelectric points the proteins cannot coagulate 
the suspension, but make it markedly sensitive to the action of 
electrolytes; on the acid side, however, they effect coagulation 
without the addition of any salt. 


My best thanks are due to Professor F. G. Donnan, C.B.E., 
F.R.8., for suggesting the work, and to Professor E. C. C. Baly, 
C.B.E., F.R.S., for supplying the bentonite. 

Srmr Witu1am Ramsay LABORATORY OF PHYSICAL 


AND INORGANIC CHEMISTRY, 
University CoLLeEGE, Lonpon. [Received, August 30th, 1929.] 





CCXCIX.—The Action of Sodium Hydroxide on Stannic 
Oxide Sol. Part I. 


By BuupenpRA Natu GHOSsH. 


THE action of alkali on stannic oxide has been investigated by 
Frémy, Weber, Rose and others (see Mellor, ‘‘ Treatise on Inorganic 
and Theoretical Chemistry,” Vol. VII, pp. 414—417), and the 
existence of simple and complex stannates of types R,0,Sn0O,,nH,O 
and R,O,5Sn0,,nH,O has been demonstrated. When a solution of 
a-stannic oxide in dilute aqueous sodium hydroxide is evaporated 
by heating, it deposits crystals of the composition Na,O,SnO,,3H,0, 
but if it is treated with alcohol in the cold, a precipitate is obtained 
which varies in composition according to the proportion of alkali to 
stannic oxide in the solution (Ordway, Amer. J. Sci., 1865, 40, 
173). Van Bemmelen, having observed that at the ordinary tem- 
perature and under comparable conditions the amount of a freshly 
prepared and air-dried hydrogel of stannic oxide which an alkali 
can dissolve increases continuously with its concentration (‘‘ Die 
Absorption,” 1910, 57), believed that stannic oxide passed into 
colloidal solution under these conditions, and explained the varying 
composition of the precipitate thrown down by alcohol from this 
point of view. Zsigmondy and his co-workers (Z. anorg. Chem., 
1914, 89, 210) investigated the peptisation of a 0-5% sol of «-stannic 
oxide with potassium hydroxide, and found that, as the proportion 
of the latter was raised, the osmotic pressure and conductivity of 
the sol increased and the cone of light observed under the ultra- 
microscope became fainter; hence they concluded that with 
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increasing proportion of alkali the colloidal particles become finer 
and gradually tend to pass into the crystalloidal condition. No 
systematic investigation has been made, however, to determine 
what amount of stannic oxide passes into the crystalloidal state 
under these conditions, and in order to obtain information on this 
point measurements have been carried out of (1) membrane 
equilibria, (2) osmotic pressure, (3) hydroxyl-ion concentration, 
(4) conductivity, and (5) freezing-point lowering of sols containing 
various ratios of alkali to stannic oxide. The investigation of the 
first two points is now described, and that of the other three is 
recorded in the succeeding paper. 


EXPERIMENTAL. 


The «-stannic oxide was prepared by slowly adding a solution 
of pure caustic soda to one of stannic chloride (maintained at about 
15°) until the pg was about 3-6. The precipitate was washed by 
decantation with cold distilled water until it began to peptise: at 
this point the supernatant liquid had py 5-8 and no chloride could 
be detected in it. The precipitate was then peptised by addition of 
a dilute solution of sodium hydroxide free from carbonate. After 
analysis, the sol was diluted until it contained 16-6 g. of SnO, per 
litre, and then kept in a stoppered Pyrex-glass bottle for about 
45 days. The solutions of various ratios of Na,O:SnO, were pre- 
pared by taking 100 c.c. of the sol and adding to it 10 c.c. of pure 
sodium hydroxide solution of the requisite strength. The con- 
ductivity of the sol changed slowly for about 3 days after the 
addition of alkali; it was therefore stored in a Pyrex-glass bottle 
for 7 days before use. 

The dialysis was carried out in a Donnan membrane vessel 
(Fig. 1) consisting of two hard-glass cups, A and B, each provided 
with a side tube, and having the membrane stretched between 
them and firmly clamped in position. A measured volume of the 
sol was then poured into the cup A (“the sol chamber ”’) until it 
partly filled the attached tube, C, and an equal volume of distilled 
water was poured into the other cup (“‘the water chamber ’’). 
The tubes C and D were fitted with rubber pressure tubing closed 
by screw clips. Owing to the presence of colloid and colloidal ions 
in the sol, there was a tendency for water to enter this chamber 
and dilute the sol, but this was so nearly counterbalanced by the 
compression of air in the tube C that the dilution of the sol never 
exceeded 2%. The vessels were shaken twice daily, and 9—10 days 
were necessary for the attainment of equilibrium, but as a rule 
15 days were allowed. 

The membrane potential was measured by using two normal 
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calomel electrodes. The jets of the electrode vessels were drawn 
out so as to be sufficiently long and narrow to be dipped directly 
into the cups. Two sets of measurements were made by reversing 
the position of the electrodes, and their mean was taken. The 
volumes. of the solutions in the two chambers were measured and 
their contents analysed. The total alkali was estimated by titration 
with hydrochloric acid, methyl-orange being used as indicator, this 


Fig. 1. 
































procedure having been found sufficiently accurate by means of 
control experiments with stannic oxide sols containing known 
amounts of sodium hydroxide. The stannic oxide was determined 
by evaporating a known volume of the sol acidified with nitric acid, 
washing out the sodium nitrate, and igniting the residue. In the 
following experiments, membranes of parchment and collodion were 
used, the latter being prepared in fairly uniform thickness by 
pouring a definite volume of collodion solution on a dry clean 
mercury surface of the desired area. The membrane vessels used 
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in the case of collodion were of the same type as those in the case 
of parchment, but much smaller. 
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The TABLE I. 
es Final cone. of SnO,, Final cone. of Na,O, 
and Original g./100 c.c. ? g-/100 c.c. ‘ 
tion ratio + af “ A . Membrane 
§nO,:Na,O, _— Sol Water Sol Water potential, 


this mols. © chamber. chamber. Ratio. chamber. chamber. Ratio. € (volt). 





Parchment membrane. 
17-2 1-4758 0-0042 351 0-0317 00-0035. 9-06 0-022 
12-1 1-4720 0-0141 105 0-0451 0-0052 88-7 0-017 
9-3 1-4623 0-0197 74-2 0-0545 0-0116. 4-7 0-010 
6-9 1-4594 0-0304 48 0-0694 00198 3-5 0-007 
4-5 1-4513 0-0427 34 0-0950 0-0426 2-23 0-004 
3°6 1-4139 0-0831 17 0-1104 0-0609 1-81 0-002 
2-3 1-4087 0-0903 15-6 0-1640 0-1057 = 1-55 = 
2-0 1-3955 0-1065 13-1 0-1750 0-1352»—s« 1-29 — 
*1-0 0-6946 0-0556 12-5 0-1672 0-1426 1-17 — 
*0-5 0-3952 0-0340 11-6 0-1641 0-1457 1-13 — 
Collodion membrane. 
4 1-4535 0-0338 43 0-1022 0-0478. 2-14 
3 1-4385 0-0575 25 0-1332 0-0717 1-86 
2-5 1-4205 0-0782 19-9. 00-1534 0-0936 1-64 
2 1-4118 0-0882 16 0-1758 0-1341 1-35 : 
1 0-7024 0-0312 14 0-1710 0-1390 1-23 tj 


* In these cases the concentration of alkali was kept constant while the 
amount of SnO, was diminished. The concentration of alkali could not be i 
further increased, for it coagulated the colloidal SnO,. rf 


The data of Table I show that as the ratio SnO, : Na,O is decreased 
relatively more stannic oxide diffuses into the water compartment, 
and the ratio of its concentration in the sol chamber to that in the 
water chamber at first diminishes very rapidly and then slowly. 
The ratio of alkali in the two chambers also diminishes at first 
rapidly and then slowly approaches unity. Even when the ratio 
SnO, : Na,O is 0-5, however, the amount of stannic oxide in the sol 
chamber is about 12 times as great as that in the water chamber, 
showing that most of it is in the colloidal condition. Moreover, it 
does not necessarily follow that the whole of the stannic oxide in the 
water chamber is in the form of simple stannates, of the type 

of | R,O,SnO,, or ROH,SnO,, for the existence of complex stannates is 
wn § well known, and the experiments with collodion membranes suggest 
ned § that some of the complex molecules which could pass through 
sid, | parchment are retained by the collodion. 
the At the higher ratios of SnO,: Na,O there is a considerable excess 
ere § of total alkali in the sol chamber over that in the water chamber, 
showing that some of it is combined with the colloidal stannic oxide. 
If this colloidal complex (consisting of sodium and stannic oxides) 
existed in the undissociated condition, then the concentration of the 
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diffusible stannates (simple or complex) would have been the same 
in both the sol and the water chamber. The conductivity and 
transport-number determinations of Varga (Koll.-Chem. Beth., 1919, 
11, 25), however, show that the colloidal complex dissociates into a 
simple kation and a colloidal anion. Assuming that all the diffusible 
ions are univalent, it can be easily shown from Donnan’s principle 
of membrane equilibria that at equilibrium the following relations 
must hold between the ions on the two sides of the membrane, 


[Na}'/[Na}* = [SnO,}7/[SnO,], = [OH}"/[(OH? . (1) 
RT/F .log.[Na}'/[NaJ®=<«. . . . . (2) 


where ¢ is the membrane potential and [Na], [SnO,]i, and [OH}! 
represent the activities of the corresponding ions in the sol chamber,* 
and [Na]", [SnO,}", and [OH]" the analogous quantities in the 
water chamber. It follows from (1) that Sn 


[SnO,}, x [Na}' = [SnO,]f x [Na]" ' 
or [SnO,]i = [SnO,J— x [Na]"/[Naf . . . . (3) Fam 


Assuming complete dissociation of the electrolytes in the water 
chamber, [Na]" and [SnO,]f can be determined by analysis. ho 
Therefore, in order to know the value of [SnO,]! in the sol chamber 
a measurement of sodium-ion concentration is necessary. Further. 8" 
more, a knowledge of this ionic concentration in the two chambers} P® 
will enable us to calculate the membrane potential and will also 
give an idea of the extent of dissociation of the colloidal complex. 
An attempt was therefore made to measure the sodium-ion activity} P® 
by using sodium amalgam electrodes. Unfortunately this did not che 











prove successful: the potential of the amalgam electrode fell con- 0-5 
tinuously and after some time the solution turned grey, indicating 81" 
that the nascent hydrogen evolved by the action of sodium on water 
reduced the stannic oxide. rat 


The value of [SnO,]§ can, however, be calculated from the 
measurement of membrane potential. From (1) and (2) we haveg ** ‘ 





at 25°, cor 
¢ = 0-059 log [SnO,}#"/[SnO,]! dis 
or [SnO,]§ = [SnO,}" x 10-00, | |, (4) he 


At lower ratios of SnO,:Na,O the membrane potential becomes§ ver 
very small and then the distribution of the diffusible ions becomes§ anc 
the same in both the chambers. The results are given in Table II,§ cul 
the slight dilution in the sol chamber (see p. 2291), which would 
affect the final results by less than 1-5°%, having been ignored. 


* [SnO,}! represents the total concentration of the simple and complex 
stannates. 
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same Taste II. 


i 
“ ; Parchment membrane. : 
ie , Diffusible 
ee Sn0O, in SnO, in Total 2x SnO, 
sible Ratio water sol chamber, diffusible § in water 
ciple 8nO,:Na,0, chamber, g-/100 e.c., SnO,, chamber, . 
fi P mols. g./100¢.c. _«, volt. cale. g./100c.c.  g./100 c.c. 
tions 17-2 0-0042 0-022 0-0018 0-0060 0-0084 
12- 0-0141 0-017 0-0073 0-0214 0-0282 
9-3 0-0197 0-010 0-0133 0-0330 0-0394 
(1) 6-9 0-0304 0-007 0-0230 0-0534 - 0-0608 
4:5 0-0427 0-004 0-0365 0-0792 0-0854 
(2) 3-6 0-0831 0-002 0-0769 0-1600 0-1662 
2-3 0-0903 — — — 0-1806 
OH} 2-0 0-1065 -- —- -- 0-2130 
er * *1-0 0-0556 — — — 0-1112 
* *0- 0-0340 — —_ — 0-0680 
L € 


* For molar ratios 1 and 0-5 there were 7-5 g. and 3-79 g. respectively of 
SnO, per litre. 





The above table shows that at higher ratios of SnO,: Na,O the 
(3) § amount of diffusible stannic oxide per 100 ¢.c. in the sol chamber 
hater is much less than that in the water chamber. This difference, 
Lysis, however, diminishes as the proportion of alkali increases, and for 
mber§ the ratio 3-6 the deficiency is only 7%. In the last column are I 
ther.4 given the values obtained by doubling the amount of stannic oxide 
rbers§ Per 100 c.c. in the water chamber. For the ratio 3-6, the values in 
cols. 5 and 6 differ by only 3-7% ; at lower ratios the difference would 


fom be still less, and hence the total amount of diffusible stannic oxide . 
ivity§ Per 100 c.c. of the sol is double that present in 100 c.c. of the water . 
1 not Chamber. It can therefore be concluded that, even for the ratio 

con.§ 0°5, only 19% of the total stannic oxide is diffusible and the remaining 

ating 81% is in the colloidal condition. 

vater{ Lt is seen from Table I that when the ratio SnO, : Na,0 is 12-1, the 


ratio of distribution of Na,O in the two chambers is 8-7, whereas 

~ the§ the ratio of the sodium ions calculated from the membrane potential | 

is only 1-94. This shows that the greater proportion of the colloidal 

complex containing Na,O is undissociated, and only a small portion 

dissociates into a colloidal anion and the Na’ kation. 

(4) One of the assumptions on which relations (1) and (2) are based 
is that all the diffusible ions are univalent (see p. 2294); this can be 

omes§ verified by determining [OH]' and [OH]" by the #.M.F. method 

omes§ and comparing the observed membrane potential with that cal- 

le II, culated from the expression 


ould 
“~ RT/F .log.[OH}{[OHf =e . . . . (5) 


ad. 
nplex The results given on the next page show sufficiently good agreement 
to justify the above assumption. 


have 
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SnO, : Na,O, € € 
mols. [OH}" x 10". [OH]! x 104. cale. (volt). obs. (volt). 
12-1 9-5 4-9 0-017 0-017 
9-3 27-6 19-0 0-009 0-010 
6-9 48-0 37-3 0-0065 0-007 
Zsigmondy and his co-workers (loc. cit.) measured the osmotic 
pressure of stannic oxide sols, in which the ratio SnO, : K,O varied 
from 200 to 50, against their respective dialysed solutions. With 
increasing proportion of alkali an increase in the osmotic pressure 
was observed. This was interpreted as being due to an increase 
in the number of colloidal particles as a result of disintegration of 
the bigger ones. Similar measurements of osmotic pressure were 
undertaken in the present case, in the hope that they might give 
some idea of the average molecular weight of the colleidal aggregates, 
but the pressure showed a continuous diminution with increase in 
the proportion of alkali. The turbidity of the sol at first diminished 
as increasing quantities of alkali were added until the ratio 4 was 
reached, after which it began to increase again, the sol in which the 
ratio was 2 being very turbid. This seems to show that there is 
probably no relation between the number of colloidal particles and 
the observed osmotic pressure, the latter being mainly due to the 
excess concentration of the diffusible ions inside the sol chamber 
as a consequence of the Donnan equilibrium. This conclusion can 


be tested by calculating the osmotic pressure from this excess 
concentration and comparing the calculated values with the observed. 
If C denotes this excess, then 
C = [Na} + [SnO,], + [OH} — [Na}* — [SnO,]*— [OH]}" (6) 
In the water chamber, for the maintenance of electrical neutrality 
we have 


[Na}" = [SnO,j2 + [OH}", 
and from (1) and (2) 
[Na}' _ [SnO,)7_ (OH)? rar _ 7 
[Na}* ~ [Sn0,}¢ > (OF > ef'RT — K (say). . (7) 
Substituting these values of [Na]',[SnO,[f, and [OHF in (6), we get 
C = K[Na}" + ([SnO,J& + [OH]")/K — 2[Na]" 
= K[Na]" + [Na]"/K — 2[Na]}* 
= [Na}/"{K+1/K—2} . ... . (8) 
If the osmotic pressure of the colloidal particles be negligible, 
then the observed pressure should be equal to R7'C = RT[Na}"/(K + 
1/K — 2). The osmotic pressure was measured by using collodion 
thimbles cemented on to glass tubes of suitable diameter by col- 
lodion. The arrangement was such as to preclude contamination 
of the solutions by carbon dioxide from the air. In Table III the 
osmotic pressure (P) is given in cm. of water. 
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Tas_eE ITI. 
Parchment membrane. 


e, volt. KE. [Na]. 
0-022 2°37 0-00116 
0-017 1-94 0-00168 
0-010 1-48 0-00374 
0-007 1-32 0-00639 
0-004 1-17 0-01374 
0-002 1-08 0-01964 
0 1-00 0-03410 

In view of the fact that a small error in K will introduce a rela- 
tively large error in the calculated values of P, the agreement is not 
unsatisfactory as far as the molar ratio 4-5. It will, however, be 
noticed that for ratios of 6-9 and above the calculated values of 
osmotic pressure are higher than the observed ; below this they are 
lower and rapidly approach zero, whereas the observed pressure 
diminishes slowly. Two alternative explanations might be sug- 
gested for this discrepancy: (1) that the assumption that all the 
diffusible ions are univalent no longer holds for ratios lower than 
4-5, or (2) that the colloidal particles exert a small but appreciable 
osmotic pressure. 

Summary. 

1. The action of sodium hydroxide on stannic oxide sols in which 
the ratio SnO, :'Na,O varied from 17-2 to 0-5 has been investigated 
at ordinary temperature. The results show that even at the lowest 
value of this ratio the amount of diffusible stannic oxide does not 
exceed 19%, the remaining 81% being in the colloidal condition. 

2. Within the range investigated, the membrane potential 
caleulated on the assumption that the diffusible ions are all 
univalent agrees with the observed value. 

3. The ratio of the activity of the sodium ions in the sol to that 
in the water chamber, deduced from the membrane potential, is 
much less than the ratio of total Na,O in the two chambers as deter- 
mined by titration. This indicates that the dissociation of the 
colloidal complex, consisting of Na,O and SnO,, is small. 

4. For ratios of 4-5 and above, the observed osmotic pressure can 
be accounted for as being due to the excess concentration of diffusible 
ions in the sol chamber as a result of the Donnan equilibrium, but at 
lower ratios the calculated values are much too small. 


My best thanks are due to Prof. F. G. Donnan, C.B.E., F.B.S., 
for his advice and encouragement. 


Tue Sm Wit1t1AmM Ramsay LABORATORIES OF INORGANIC 


AND PHysicaLt CHEMISTRY, 
University CoLLEGE, LONDON. [Received, June 4th, 1929.] 
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CCC.—The Action of Sodiwm Hydroxide on Stannic 
Oxide Sol. Part II. 


By BuuPpenDRA NaTH GHOSH. 


In the preceding paper measurements of membrane equilibria and 
osmotic pressure of stannic oxide sols, containing various propor- 
tions of sodium hydroxide, have been recorded, and the results are 
now added of measurements of hydroxyl-ion concentration, freezing- 
point lowering, and conductivity of five sols in which the ratio 
Na,O : SnO, varied from 2:1 to 1:4. 


Determination of the Hydroxyl-ion Concentration. 


To form an idea of the composition of the colloidal complex 
present in a sol, it is necessary to determine what fraction of the 
total amount of sodium hydroxide added to it exists in the free 
state. This can be done from a determination of its hydrogen-ion 
concentration. The first four sols,in which the ratio Na,O : SnO, 
varied from 2 : 1 to 1 : 3, were prepared from a stock sol, containing 
16-6 g. of SnO, per litre, by adding the requisite amount of pure 
sodium hydroxide; the fifth, in which the ratio was 1 : 4, was pre- 
pared from another stock sol, containing 34 g. of SnO, per litre. 
These solutions were stored as before for 4 days after preparation. 
The hydrogen-ion concentration was determined by the E.M.F. 
method, a normal calomel electrode being used as the half element. 
Saturated potassium chloride solution was used as a bridge to 
eliminate the junction potential. The hydrogen was purified by 
passage through a series of wash-bottles containing solutions of 
caustic potash, mercuric chloride, potassium permanganate, and 
lead acetate. The measurements were conducted in a thermostat 
maintained at 25°. Whenever a platinum electrode showed signs 
of poisoning, which occurred somewhat frequently, it was elec- 
trolysed in concentrated hydrochloric acid to remove the deposit 
of platinum, then washed carefully and replatinised. The hydrogen- 
ion concentration Cy was calculated from the H.M.F. data by means 
of the formula — log,, Ca = (E, + £, — 0-283)/0-0591, where E, 
represents the observed E.M.F., and E, the correction for the 
variation of barometric height. The concentration of the hydroxy! 
ions Cox was then calculated from the equation Coy = K,,/Cy = 
1-1 x 10°4/C,. 

Some of the results were checked by a colorimetric method with 
Tropzolin O: 0-8 c.c. of the indicator solution was added to 20 c.c. 
of the sol and of each of a number of solutions containing known 
quantities of sodium hydroxide, until a match was obtained in a 
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colorimeter. The data for pure scdium. hydroxide solutions given 
in Table I were used in plotting a graph, from which, the activity of 
hydroxy] ions in a sol being known, the concentration of free sodium 
hydroxide in it could be calculated : these values are recorded in 


the third column. 
TABLE I. 


E.M.F. method. 


Cone. of NaOH, VN... 0-10 0-075 0-050 0-035 0-020 9-0100 
Activity of OH’ 0-090 0-067 0-046 0-032 0-019 0-0096 


Conc. of 
total Activity Free Free NaOH Cone. of Composition 
NaOH. of OH’, NaOH. Total NaOH’ NaHSn0O,. of colloid. 


Na,O : SnO, = 2:1. 
0-076 0-084 0-84 0-0045 Na,O,3-6Sn0, 
0-051 0-056 0-86 0-0029 Na,0O,4-4Sn0, 
0-027 - 0-029 0-88 — — 
0-014 0-0145 0-88 — — 
Na,O : SnO, = 1:1. 
0-065 0-072 0-72 ; Na,O,4:18n0, 
0-046 0-050 0-77 . Na,O,5-4Sn0, 
0-025 0-026 0°79 ao 
0-013 0-0135 0-82 — 
Na,O : SnO, = 1: 2. 
0-046 0-050 0-50 ; Na,O,4-8Sn0, 


0-032 0-034 0-57 i‘ Na,O,5-98n0, 
0-017 0-018 0°59 — 
0-009 0-009 0-60 _ 


Na,O : SnO, = 1: 3. 
0-026 0-028 0-42 “01: Na,O,6-5Sn0, 
0-019 0-020 0-47 . — 
0-011 0-0113 0°50 — 
Na,O : SnO, = 1: 4. 
0-026 0-028 0-28 Na,O,6-6Sn0, 
0-019 0-020 0:33 Na,O,7-3Sn0, 
0-011 0-0113 0-35 


Colorimetric method. 
Na,O : SnO, = 1: 3. Na,O : SnO, = 1: 4. 
Cone. of total NaOH. Free NaOH. Conc. of total NaOH. Free NaOH. 
0-067 0-026 0-1 0-026 
0-043 0-019 0-0605 0-018 
0-023 0-010 0-032 0-011 


It will be seen from the above data that the agreement between 
the concentrations of free sodium hydroxide determined by the two 
methods is fairly satisfactory. The results show that at higher 
ratios of Na,O : SnO, the major portion of the alkali is free, whereas 
its concentration steadily diminishes as the ratio is decreased : for 
the ratio 2: 1, 84°% of the total alkali added remains uncombined, 
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but at 1:4 this has fallen to 28%. The difference between the 
free and the total sodium hydroxide added gives the amount which 
has combined with stannic oxide. A part of it, however, goes to 
form the diffusible matter, which is probably a mixture of Na,Sn0,, 
NaHSn0O,, and a small proportion of more highly stannated com- 
plexes. The total amount of diffusible stannic oxide at any given 
ratio of Na,O : SnO, can be obtained from the results of the inves. 
tigations on membrane equilibria. The acid H,SnQ, is very weak, 
and therefore its normal salts in dilute solution should be largely 
hydrolysed and exist mainly in the form of the acid salt NaHSn0,,. 
Hence, assuming that the whole of the diffusible matter consists of 
this salt, the figures so calculated will not be very far from the actual 
ones. These are given in col. 5 of the table. Now, knowing the 
total sodium hydroxide which has combined with the stannic oxide, 
and the fraction of it which has been used in forming NaHSn0,, 
it is possible to calculate roughly the average compositions of the 
colloidal complexes. These are given in the last column of Table I, 
and it will be seen that for the ratio 2 : 1, on an average 3-6 g.-mols. 
of stannic oxide combine with 1 g,-mol. of sodium oxide. With 
increasing dilution the hydrolysis of the sol increases and the com- 
position of the colloid also changes. For the same total alkali 
content, as the ratio Na,O : SnO, decreases from 2:1 to 1: 4, the 
number of g.-mols. of SnO, combined with 1 g.-mol. of Na,O steadily 
increases. In the previous paper it has been shown that the osmotic 
pressure of the colloid is very small. The average molecular weight 
of the colloidal particles should therefore be very high. Hence the 
actual composition of the micelle is a multiple of the simple com- 
position given above. 


The Determination of the Lowering of Freezing Point. 


The measurement of the depression of freezing-point of a sol gives 
a measure of the total number of molecules present in it. The 
concentrations of hydroxyl ion in the different sols have already 
been determined, and the amount of diffusible matter which each 
of them contains is roughly known. Assuming that the latter 
consists wholly of NaHSnO,, it is of interest to compare the sum 
of the concentrations of free NaOH and NaHSnO, with the values 
derived from the freezing-point data. 

The experiments were done in the ordinary Beckmann apparatus, 
and in Table II, At is the observed lowering of freezing point, 
[NaHSnO,] and [NaOH] represent the concentrations of the respec- 
tive molecular species in a sol, and [BA], which stands for that 
concentration of a binary electrolyte of the type NaOH which 
would account completely for the observed value of At, is derived 
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TABLE IT. 


Pure sodium hydroxide. 
0-10 0-02 
0-341° 0-069° 


Stannic oxide sol. 
Degree of 
dissociation 
[BA]. [NaOH]. [NaHSn0O,]. of colloid. 
Na,O : SnO, = 2:1. 
0-316° 0-0925 0-084 0-0045 70% 
0-208 0-0610 0-056 0-0029 69 
0-108 0-0315 0-029 _— — 
Na,O : SnO, = 1: 1. 
0-296 0-0856 0-072 60 
0-198 0-0580 0-050 63 
0-100 0-0293 0-026 — 
Na,O : SnO, = 1: 2. 
0-246 0-072 0-050 44 
0-163 0-047 0-034 , 46 
0-088 0-0255 0-018 — 
Na,O : SnO, = 1: 3. 
0-150 0-044 0-028 0-012 30 
0-106 0-031 0-020 0-0077 43 
Na,O : SnO, = 1: 4. 
0-1 0-162 0-047 0-028 0-0164 9 
0-0605 0-116 0-034 0-020 0-010 26 
0-032 0-064 0-019 0-0113 — — 
from a graph based on the data for pure sodium hydroxide solutions 
as given in Landolt and Bérnstein’s tables (4th edition), this choice 
being guided by the consideration that the major portion of the 
observed lowering of freezing point of a sol is produced by the free 
sodium hydroxide it contains. It will be noticed that the sum of 
{NaOH] and [NaHSnQ,] is slightly less than [BA], and in view of 
the results given in the preceding paper, which show that the 
osmotic pressure of the colloidal particles is very small and hence 
that their concentration must necessarily be very small, this differ- 
ence is attributed to the presence of sodium ions resulting from the 
dissociation of the colloidal micelles which behave like huge multi- 
valent anions. Knowing the total amount of sodium hydroxide 
combined with the micelles and the amount of free sodium ions 
resulting from their dissociation, it is possible to calculate the average 
degrees of dissociation. These are given in col. 6 of the above table. 
It must be emphasised that these values are intended only to give 
a rough idea, since the assumption involved in their calculation, 
viz., that the whole of the diffusible stannic oxide goes to form 
NaHSn0O,, can only be approximately correct. 
41 
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The following conclusions can be drawn from the above results. 
(i) The depression of freezing point of any one of the five sols is 
mainly due to the free sodium hydroxide it contains: even at the 
ratio 1: 4 about two-thirds of it is due to this source. (ii) As the 
ratio Na,O : SnO, diminishes, the depression of freezing point also 
diminishes, showing that an increasing proportion of sodium 
hydroxide is entering into combination with stannic oxide to form 
the colloidal complex. (iii) The degree of dissociation of the 
colloid diminishes rapidly as the proportion of stannic oxide in a 
sol is increased; thus, in the 2:1 sol the degree of dissociation is 
about 70%, whereas in the 1 : 4 sol it is only 9%. 


Conductivity Measurements. 


The conductivity measurements were undertaken with a view 
to obtain some information as to what fraction of the total con- 
ductivity is contributed by the colloidal micelles and the diffusible 
stannates. The sols were the same as those used in the previous 
experiments, and their conductivity was measured 4 days after their 
preparation. The measurements were carried out at 25° in a 
thermostat. The conductivity cell had a capacity of about 25 c.c. 
and was provided with a ground-glass stopper to protect its contents 
from atmospheric carbon dioxide. In the course of the experiments 
the cell constant was frequently checked. In Table III, N is the 
normality of the total sodium hydroxide contained in the sol, «a 
represents the specific conductivity of the sol, b that of the free 
sodium hydroxide, c = (a — 6) that of the mixture consisting of 
sodium stannates and the colloidal micelles, d = [BA] (see p. 2300), 
e is the concentration of sodium hydroxide (determined by the 
£.M.F. method), and f = (d — e) is a measure of the concentrations 
giving rise to the specific conductivity c. 

In the above table the data for sodium hydroxide solution are 
used for plotting a graph from which, the concentration of free 
sodium hydroxide in a sol being known, its specific conductivity can 
be calculated. The results show that the major portion of the 
conductivity of a sol is due to its free sodium hydroxide: at the 
highest ratio of Na,O : SnO,, 90% of the total conductivity is due 
to this and the remaining 10% to the stannates and colloidal 
micelles. The conductivity diminishes as the proportion of stannic 
oxide is increased, evidently owing to the diminution of free alkali, 
as shown by the #.M.F. data. 

It will be noticed that c/f increases as the ratio Na,O : SnO, is 
raised from 1:4 to 2:1. This is probably to be attributed to an 
increase in the migration velocity of the colloidal particles with an 
increase in their electrical charge due to the further adsorption of 
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t the Sodium hydroxide solution. 

s the § Conc. of NaOH ...... 0-100 0-075 0-050 0-035 0-020 0-010 
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Stannic oxide sols. 






for 
“ N. ax10*. bx104 ¢x10#. dx10%. eXx10%. fx10%. 100e/f. 
. Na,O : SnO, = 2:1. 
In a 
0-1 199 181 18 925 84 85 2h 
on is 0-065 134 124 10 61-0 56 5-0 20-0 
0-033 64-5 55 315 229 2-5 










Na,O : Sn0, = 1 : 1. 






0-1 176 156 20 85-6 72 13-6 14-7 
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sible Na,O : SnO, = 1: 2. 

‘ 0-1 128 110 18 720 50 22 8-2 
we 0-0605 84:1 75-0 91 47:0 34 13 7-0 
heir 0-03 40-0 45 25-5 18 ° 6-0 













Na,O : Sn0O, = 1: 3. 


























C.C. 0-067 74-0 62 12 44 28 16 7-5 
ants 0-043 51-2 45 62 31 20 11 5-6 

, 26 2-4 — 11-3 _— _— 
ents 
la 0-1 75-2 62 13-2 47 28 19 7-0 
1 0-0605 51-9 45 6-9 34 20 14 5-0 
free 0-03 . 26 4:3 19 11-3 7-7 5-6 
+ of 
00), § hydroxyl ions. In Table II it has been shown that the degree of 
the § dissociation of the colloidal particles increases as the ratio 





Na,O : SnO, increases; now each of these particles must possess a 
certain amount of electrical charge for its stability, and hence an 
increase in the degree of dissociation means an increase in the number 
of units of charge carried by each of them. 

The measurements of conductivity of the sols were carried to much 
higher dilutions than those given in the above table, and in Fig. 1 
the equivalent conductivity » is plotted against log,,C. The 
points for the ratios 1 : 3 and 1 : 4 lie in straight lines and those for 
higher ratios in curved lines. The extrapolation of the curves to 
give u,, is only possible for the ratios 2:1 and 1:1, which give 
about 225 and 199. 












Summary. 

1. The hydroxyl-ion concentration, depression of freezing point, 

and conductivity of five stannic oxide sols, in which the ratio 
Na,O : SnO, varied from 2:1 to 1:4, have been measured. 

2. The results of the determination of hydroxyl-ion concentration 







2304 THE ACTION OF SODIUM HYDROXIDE, ETO. 


lead to the conclusion that a considerable portion of the alkali 
added to a sol remains uncombined, but this diminishes’ as the 
proportion of stannic oxide increases. The average composition 
of the micelle has been roughly indicated. 

3. The depression of freezing point of a sol is mainly due to the 
free alkali it contains. As the ratio Na,O :SnO, diminishes, the 
value of Aé also diminishes. Combining the results of measure- 
ments: of membrane equilibria, hydroxyl-ion concentration, and 
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freezing-point lowering, an attempt has been made to calculate the 
degree of dissociation of the colloid. The dissociation increases 
with the ratio Na,O : SnO,. 

4. The conductivity measurements show that the fraction of 
the total conductivity contributed by- the colloidal particles and 
the stannates is very small. The micellar conductivity seems to 
increase with an increase in the ratio Na,O : SnO,. 


My best thanks are due to Prof. F. G. Donnan, C.B.E., F.R.S., for 
his advice and encouragement. 
THe Str Witiiam Ramsay LABORATORIES OF INORGANIC 


AND PuysicaL CHEMISTRY, 
University CoLtiteGE, Lonpon. [Received, June 4th, 1929.] 
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CCCI.—The Optically Active Diphenylhydroxyethyl- 
amines and isoHydrobenzoins. Part II. 


By JoHN Reap, IsHpEL Grace MacnauGHTON CAMPBELL, 
and THomas VIPOND BARKER. 


THE introductory paper (J., 1927, 910), dealing with the stereo- 
isomeric bases of the constitution HO-CHPh-CHPh-NH,, described 
the optical resolution of dl-diphenylhydroxyethylamine, and drew 
attention to the importance of the optically active forms of iso- 
diphenylhydroxyethylamine as sources of d- and I-isohydrobenzoin. 
In continuing this work, the pure J- and d-iso-bases have been 
readily prepared by successively treating the dl-iso-base with 
d-tartaric acid and d-camphor-10-sulphonic acid; the value 
[a] +133-5°, recorded for the active bases, indicates that Erlen- 
meyer’s preparations, obtained with the aid of helicin or d-tartaric 
acid, and having [a], + 109-7°, were optically impure (compare 
Read and Steele, loc. cit., p. 916, footnote; Ingersoll, J. Amer. 
Chem. Soc., 1928, 50, 2264). The dl-iso-base resembles dl-diphenyl- 
hydroxyethylamine in forming a partly racemic salt with d-a- 
bromocamphor-x-sulphonic acid. 

By treating comparatively large amounts of d- and /-isodiphenyl- 
hydroxyethylamine with nitrous acid, d- and l-isohydrobenzoin 
have now been prepared in sufficient quantity to permit of accurate 
characterisation. The optical rotation, [a], + 92-0°, observed in 
alcoholic solution, is slightly higher than the value previously 
recorded ; the sense of the rotation of the original isohydrobenzoin 
is preserved in the benzylidene and acetone derivatives and reversed 
in the diacetate, while in all three instances the numerical values are 
lower than for the parent substance. 

Attempts were made to improve the low yields of tsohydro- 
benzoin obtained in the above process by using monoacetyl-dl- 
isodiphenylhydroxyethylamine (m. p. 152°) in place of the free base, 
as it was anticipated that this substance would react smoothly 
with nitrous acid to give monoacetyl-dl-isohydrobenzoin. As a 
result, it was found that the derivative reacted neither with nitrous 
acid nor with benzaldehyde. That it had the constitution 
CHPh(OAc)-CHPh-NH,, and not CHPh(OH)-CHPh-NHAc, was 
shown by its capacity to form a well-defined hydrochloride; more- 
over, acetylated benzylidene-dl-isodiphenylhydroxyethylamine, 
CHPh(OAc)-CHPh-N:CHPh, yielded the same substance (m. p. 
152°) when decomposed with bromine in alcohol. The inert 
character of the amino-group in the O-acetyl derivative is possibly 
due to spatial circumstances : the O-p-toluenesulphonyl derivative 
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of the dl-base (m. p. 142—145°) failed even to form a hydrochloride, 
being insoluble in warm dilute mineral acids. 

The benzylidene derivative of the dl-base reacted in pyridine 
solution with p-toluenesulphony] chloride, forming a mixture of two 
derivatives, each of which gave analytical results corresponding 
to 0O-p-toluenesulphonylbenzylidene-dl-isodiphenylhydroxyethyl- 
amine. The less soluble, colourless substance (m. p. 179°) did not 
react with bromine in alcohol; but the isomeride, which formed 
yellow needles (m. p. 173—174°), was hydrolysed by this reagent, 
with the production of the O-p-toluenesulphonyl! derivative (m. p. 
142—-145°). Possibly, therefore, the two derivatives correspond, 
respectively, to the formulz feign iit ii 
O-CHPh 
CHPh(O-SO,°C,H,Me)-CHPh-N:CHPh. In the case of the methyl- 
enecamphor derivative of the base, the hydroxyl group is inert, 
possibly on account of the spatial interference of the substituent 
attached to the adjacent nitrogen atom. 

In the preliminary communication, reference was made to the 
apparently incomplete resolution of dl-isohydrobenzoin achieved 
by the mechanical separation of d- and l-crystals which had been 
deposited from solutions in ether (Erlenmeyer, Ber., 1897, 30, 1531). 
In carrying out the necessary reinvestigation of the subject, we 
show below that crystals of pure d- and J-isohydrobenzoin, when 
deposited. from ethyl acetate, exhibit characteristic hemihedral 
facets; when chloroform is used as solvent, however, the distinctive 
facets are not developed. In agreement with these observations, 
pure dl-isohydrobenzoin, when crystallised from ethyl acetate, 
separates as a conglomerate of enantiomorphously related crystals, 
composed of d- and l-isohydrobenzoin, respectively; but the 
crystals deposited from chloroform are morphologically. indis- 
tinguishable from one another so far as plane faces are concerned. 
The latter crystals; however, have been shown by polarimetric 
examination to be also of two kinds, consisting again of the pure 
d- and l-forms; moreover, despite the absence of plane hemihedral 
facets, segregation is here rendered possible through the circum- 
stance that either the right or the left side of each crystal displays 
a marked tendency to degenerate into curved boundaries. This 
tendency is not evident in crystallising the separate d- and.l-forms 
from chloroform. In brief, therefore, the cleavage of dl-isohydro- 
benzoin into d- and l-forms, separating in distinct crystals, is 
definite and complete in both solvents, but is more obvious from 
ethyl acetate, since the hemihedry is here formally declared by the 
development of distinctive plane facets. 

It was shown in the preceding paper that the specimens of 


and 
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optically active isohydrobenzoin obtained by Erlenmeyer in a 
similar manner were mixtures, containing at the most 54% of one 
component. The fission, hitherto accepted as complete, was thus 
demonstrated to be incomplete. Upon the evidence then available, 
the explanation of this circumstance was sought in the possible 























thyl. formation of mixed crystals possessing hemihedral facets, particu- 
not § larly as formyl-dl-neomenthylamine appears to offer an example of 
med § this kind. It is now evident, however, that from the solvents which 
ent, § we have studied, dl-isohydrobenzoin crystallises as a conglomerate, 
1. p. § a conclusion which is not incompatible with the form of the melting- 
ond, § point curve observed for mixtures of d- and 1-isohydrobenzoin 
and § (J-, 1927, 912), when the difficulty of securing entirely satisfactory 
experimental values is taken into account. Thus, although 
hyl. § Erlenmeyer’s original fission of dl-isohydrobenzoin by the method 
ert, § of “spontaneous separation of enantiomerides ’’ was only partly 
ent § accomplished, the present investigation shows that this substance 
may be accepted as providing a striking example of Pasteur’s first 
the § method of optical resolution. 
ved The low rotatory powers shown by Erlenmeyer’s material, which 
een § was deposited from ether, may possibly be associated with the 
31). ff tendency of the enantiomorphous. crystals of d- and l-isohydro- 
we § benzoin to form twins. This behaviour was originally observed by 
nen fF Bodewig (Annalen, 1876, 182, 279), and it appears to be favoured by 
the use of ether as solvent. Our observations indicate that such 





crystals cannot be dissevered so as to yield optically pure material. 
In a recent paper by Reis and Schneider (Z. Krist., 1928, 69, 62), a 
further reference is made to the crystallisation of dl-isohydrobenzoin 
fromether. The crystals, like those obtained by us from chloroform, 
displayed no hemihedral facets, but they were shown to be pyro- 
electric : this behaviour, in the case of a monoclinic crystal, proves 
the class to be enantiomorphous. The melting point of a single 
powdered crystal was 146—147°. It appears, therefore, that from 
ether, as well as from ethyl acetate and chloroform, dl-isohydro- 
benzoin separates as a conglomerate. 

The detailed observations given below on the forms of d- and I-iso- 
hydrobenzoin deposited from various solvents have some bearing 
on the frequently argued question whether molecularly enantio- 
morphous substances necessarily crystallise in enantiomorphous 
forms (see, ¢.g., Werner, ‘‘ Lehrbuch der Stereochemie,” 1904, p. 36; 
Stewart, “‘ Stereochemistry,”’ 1919, p. 38). The enantiomorphism 
of crystal structure in such instances is presumably not in doubt, 
since it is impossible to arrange wholly dextro- or wholly levo- 
particles in such a way as to confer on the assemblage the property 
of identity with its mirror-image. Fine details of crystal structure 
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are, however, still largely a matter for speculation except in very 
simple molecules.* What is really of practical interest in organic 
chemistry is to know whether it is possible to establish molecular 
enantiomorphism from a study of crystal form. 

If this question be posed as a matter of principle (the so-called 
Pasteur principle), the answer must take the form of a negative. 
There is nothing in the undoubted enantiomorphism of structure of d- 
and /-isohydrobenzoin crystals which categorically demands plane- 
faced boundaries, still less facets indicating right- or left-handedness. 
The nature of the forces controlling crystal forms, it must be 
admitted, are still so obscure that it remains a matter for surprise 
that a crystal has a definite shape at all. 

Thus, at the present time, the only question which can be raised 
is that of the frequency with which enantiomorphism of structure 
unfolds itself on the surface. The student of minerals is familiar 
with the very rare occurrence of quartz crystals which happen to 
show enantiomorphous “ hemihedrism.’”’ Similarly, in the province 
of complex carbon compounds, this much-prized type of declared 
hemihedrism is a good deal rarer than is generally supposed, since 
in many cases it stands revealed only after repeated attempts at 
crystallisation, possibly with changes of solvent: such laboratory 
experiments are analogous to the untiring efforts of the mineralogist 
to study finds from new localities. 

One contributory cause to this simulation of higher symmetry 
is no doubt the circumstance that the solubility (or surface tension, 
or a close texture of atoms, or whatever it is that produces a plane 
boundary) has almost equal values for right- and left-handed facets ; 
so that it is the rule rather than the exception for such facets to 
accompany each other. Crystals of d- and l-isohydrobenzoin show 
this tendency in a high degree. The set of planes a, m, M, c, R are 
evidently highly favoured, since they appear on all crystals from all 
solvents used. It is important to note that even at this low stage 
of development the crystals have, as it were, taken the necessary 
steps to disguise their hemihedral nature; for there is nothing in the 
structure that demands the appearance of m in presence of M, or 


* There does not appear to be on record in the X-ray literature a single 
case in which an optically active substance is proved to possess an enantio- 
morphous configuration. When critically examined, the conclusions drawn 
from researches which have been made in this direction are seen to rest not 
on the X-ray experiments but on postulates which can only be accepted in 
so far as they are based on the evidence of physico-chemical methods. In 
the domain of enantiomorphism especially, the X-ray method labours under 
such heavy disabilities that the property and all its chemical consequences 
would still remain unknown if progress had depended on this method of 
investigating crystal structure. 
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vice verséd. Only with the appearance of the planes g and Q is 
there a marked tendency to reveal the latent enantiomorphism, the 
conditions becoming even more helpful with the appearance of O, 
which is never observed with its enantiomorph o. It is further to 
be noted that both in the case under discussion and in that of 
formyl-dl-neomenthylamine, previously studied (J., 1926, 2219, 
2228), the differentiation of d- and /-forms seems to be facilitated 
by the presence in solution of the opposite kind of molecule. 
Whether this is, indeed, a general property might be explored further 
by crystallising sodium ammonium d-tartrate and di-tartrate under 
identical conditions. 

The main conclusion concerning the crystal form of enantio- 
morphous molecules would therefore seem to be that the success 
attending any attempt to separate two forms from a crystallising 
conglomerate depends mainly on the amount of time the observer 
is prepared to expend in varying the conditions of crystallisation. 
It is of course presupposed that he has the power to see what is 
there: it will presumably forever remain unknown whether 
Mitscherlich’s historic failure to distinguish between the two kinds 
of sodium ammonium tartrate, three years before Pasteur’s memor- 
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at Ft able discovery, was due to an absence of hemihedral facets, or to 
“" : the simultaneous development on each crystal of d- and /-facets, 
a or to incomplete observation. 

try Ex PERIMENTAL. 

* Preparation of d- and 1-isoDiphenylhydroxyethylamine.—1. The 
tas first fraction obtained in the resolution of dl-isodiphenylhydroxy- 
ae ethylamine with d-tartaric acid (Annalen, 1904, 337, 321; J., 1927, 
me 916), when recrystallised several times from boiling water, gave 
wre | Pure l-isodiphenylhydroxyethylamine hydrogen d-tartrate, m. P- 
all 177°, [a]p — 42-6°, [M]o — 155°, [a]sag, — 52°6°, [M]546, — 191 

m (c 1-0, water). The pure /-base liberated from this salt had m. p. 
e 115°, [a], — 133° (c 1-25, absolute alcohol) ; it yielded a hydrochloride 
Y | with m. p. 204°, [a], — 83-7°, [M], — 209° (c 1-0, water). The 






crude d-base furnished by the original mother-liquor from this 
resolution had [«], + 109°. The first separation of salt obtained 
on crystallising from boiling water a mixture of this base with an 
equivalent quantity of d-camphor-10-sulphonic acid had, after drying 
at 100°, [a]p + 60-4°, [M]p + 269°, [a]546, +69-0°, [17]546, +307° 
(c 1-0, water); it thus consisted of pure d-isodiphenylhydroxy- 
ethylamine d-camphor-10-sulphonate (compare Ingersoll, J. Amer. 
Chem. Soc., 1928, 50, 2264). The pure d-base obtained by decom- 
posing this salt with aqueous ammonia had m. p. 115°, [«], + 134° 
(c 1-25, absolute alcohol). The immediate yields of pure d- and 
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l-base prepared according to this method were, respectively, about 
55%. and 70%, of the amounts theoretically possible. 

2. Upon mixing equivalent weights of dl-isodiphenylhydroxy- 
ethylamine and d-camphor-10-sulphonic acid in hot water, the first 
fraction of salt which separated on cooling had [«], + 55-0° (c 1-0, 
water); a second fraction, obtained on concentrating the solution, 
had [«]p — 25-0°. The first fraction yielded pure d-isodiphenyl- 
hydroxyethylamine d-camphor-10-sulphonate after one re- 
crystallisation from hot water; three similar recrystallisations of 
the second fraction gave pure l-isodiphenylhydroxyethylamine 
d-camphor-10-sulphonate (compare Ingersoll, loc. cit., p. 2266), 
having m. p. 205°, [a], — 35-7°, [M]p — 159° (c 1-0, water; salt 
dried at 100°). The yields of the pure d- and /-base were much less 
than those afforded by the first process of resolution; the respective 
values of [«]), observed for the preparations made by the second 
process were -++ 130° and — 129° (c 1-25, absolute alcohol). 

3. When the hydrochloride of dl-isodiphenylhydroxyethylamine 
was treated in aqueous solution with half an equivalent proportion 
of ammonium d-camphor-10-sulphonate, the first separation con- 
sisted of optically pure d-isodiphenylhydroxyethylamine d-camphor- 
10-sulphonate, but the resulting yield of the pure d-base was inferior 
to that obtained by the first process. 

Crystallisation of d-, 1-, and dl-isoDiphenylhydroxyethylamine with 
d-«-Bromocamphor-x-sulphonic Acid.—Pure d-isodiphenylhydroxy- 
ethylamine d-«-bromocamphor-n-sulphonate was prepared from the 
component acid and base; it crystallised from water in hard, 
glistening, inch-long needles, having m. p. 220° (decomp.), [«]p 
+ 94-0°, [M], +493° (c 0-5, water). The salt was anhydrous 
(Found: M, by titration, 523-5. C,,H,0;NBrS requires M, 524). 
l-isoDiphenylhydroxyethylamine d-«-bromocamphor-x-sulphonate was 
prepared analogously; it was more soluble in water than the fore- 
going salt, and formed small soft needles, m. p. 210° (decomp.), 
[a]> + 15-9°, [M]p + 83-3° (c 0-5, water). It was anhydrous 
(Found: WM, by titration, 527-7). 

Upon attempting to resolve the dl-base by means of the above 
d-acid, the first fraction of the salt, consisting of hard glistening 
needles, had [a], + 51-7°, [M]p + 271°. This value remained 
practically unaltered after repeated fractional crystallisation from 
hot water, and the regenerated specimens of the base were optically 
inactive : the product was therefore regarded as the partly racemic 
salt, dl-isodiphenylhydroxyethylamine d-«-bromocamphor-r-sulphonate 
(Found: M, by titration, 524-0). 

Derivatives of d-, l-, and dl-isoDiphenylhydroxyethylamine.— 
According to Erlenmeyer (Annalen, 1904, 337, 348), the dl-base 
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when warmed with an excess of acetyl chloride in benzene yields 
the hydrochloride of the O-monoacetyl derivative. A better 
result was obtained by using somewhat more than the calculated 
quantity of acetic anhydride in piace of acetyl chloride. O-Acetyl- 
dl-isodiphenylhydroxyethylamine separated from benzene in fine 
silky needles, m. p. 152°. It gave no reaction with nitrous acid. 
It failed also to react with benzaldehyde in hot alcoholic solution, 
or when heated with the aldehyde at 140° under diminished pressure 
in an atmosphere of carbon dioxide. The mixed derivative was 
obtained, however, by boiling benzylidene-dl-isodiphenylhydroxy- 
ethylamine (Annalen, 1899, 307, 121) with an excess of acetic 
anhydride; the resulting acetylbenzylidene-dl-isodiphenylhydroxy- 
ethylamine crystallised from alcohol in lustrous prisms, m. p. 114° 
(Found : C, 80-4; H, 6-1. C,,H,,0,N requires C, 80-5; H, 6-1%). 
Upon treatment in warm rectified spirit with bromine, this derivative 
gave O-monoacetyl-dl-isodiphenylhydroxyethylamine, m. p. 152°, 
described above. O-Acetyl-l-isodiphenylhydroxyethylamine had m. p. 
158°, [a]hb — 63° (ec 1-25, absolute alcohol) (Found: C, 75-1; 
H, 6-8. C,,H,,O,N requires C, 75-2; H, 6-7%). O-Acetyl-l- 
isodiphenylhydroxyethylamine hydrochloride, prepared by dissolv- 
ing the derivative (2 g.) in boiling 3N-hydrochloric acid (25 c.c.), 
formed small needles, m. p. 190°, [x] — 32°8° (c 1-1, water). The 
aqueous solution yielded O-acetyl-l-isodiphenylhydroxyethylamine 
upon treatment with ammonia (Found: Cl, by titration, 12-8. 
C,gH,gONCI requires Cl, 12-2%). 

When boiled for a few minutes with acetic anhydride, the bases 
yielded diacetyl derivatives; these substances, which were in- 
soluble in hot water, separated from aqueous alcohol in small 
needles, and had the following constants: diacetyl-dl-isodiphenyl- 
hydroxyethylamine, m. p. 118°; diacetyl-l-isodiphenylhydrozy- 
ethylamine, m. p. 127°, [a]p + 27-7° (c 1-25, absolute alcohol) 
(Found: C, 71-6; H, 6-5. C,,H,,0,N requires C, 72-7; H, 6-4%). 
When allowed to separate slowly from cold alcoholic solutions, 
diacetyl-dl-isodiphenylhydroxyethylamine formed well-developed 
elongated prisms; no optical activity was observed upon dissolving 
individual crystals in absolute alcohol and examining the solution in 
sodium light (0-01 g. in 30 ¢.c.; 4-dem. tube). When warmed in 
aqueous acetone with one equivalent of N-sulphuric acid, diacetyl- 
l-isodiphenylhydroxyethylamine readily yielded O-acetyl-l-isodi- 
phenylhydroxyethylamine, identical with the substance described 
above; the last-named compound, when boiled with concentrated 
hydrochloric acid, was hydrolysed further with regeneration of the 
l.base. According to Erlenmeyer (Joc. cit., p. 349), the optically 
active monoacetyl derivatives undergo racemisation in boiling 
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alcoholic solution; no change in rotatory power was observed, 
however, upon treating the mono- or di-acetyl derivatives of the |- 
base in this way for several hours. Moreover, the free base, 
recovered by hydrolysis, exhibited the full rotatory power. 
O-p-Toluenesul phonyl-dl-isodiphenylhydroxyethylamine, prepared 
by the interaction of the free base and p-toluenesulphonyl chloride 
in pyridine at the ordinary temperature, crystallised from alcohol in 
fine colourless needles, m. p. 142—145° (Found: C, 68-5; H, 5-7. 
C.,H,,0,NS requires C, 68-7; H, 5-7%). This substance was 
insoluble in warm dilute hydrochloric acid, and it failed to react 
with benzaldehyde. On the other hand, when benzylidene-dl-iso- 
diphenylhydroxyethylamine was mixed with p-toluenesulphony] 
chloride in pyridine, reaction occurred slowly at the ordinary temper- 
ature. The crude yellow product (20-5 g.) when crystallised from 
acetone yielded colourless needles (12-3 g.), m. p. 179°, consisting 
of O-p-toluenesulphonylbenzylidene-dl-isodiphenylhydroxyethylamine 
(Found : C, 73-5; H, 5-6. C,,H,,0,NS requires C, 73-8; H, 5-5%). 
This substance remained unaffected when treated with bromine in 
warm rectified spirit. From the above acetone mother-liquors an 
isomeric O-p-toluenesulphonylbenzylidene-dl-isodiphenylhydroxy- 
ethylamine was isolated (3-5 g.); this formed fine yellow needles, 
m. p. 173—174° (Found: C, 73-5; H, 5-7%). When treated with 
bromine in warm rectified spirit, it was hydrolysed with the formation 
of O-p-toluenesulphonyl-dl-isodiphenylhydroxyethylamine, m. p. 
142—145°. The latter derivative readily underwent acetylation 
when boiled with acetic anhydride; N-acetyl-O-p-iolwenesulphonyl- 
dl-isodiphenylhydroxyethylamine crystallised from alcohol in small 
colourless plates, m. p. 161—162° (Found: C, 67-3; H, 5:8. 
CgH,30,NS requires C, 67-5; H, 5-6%). 
d-isoDiphenylhydroxyethylamino-d-methylenecamphor, when pre- 
pared and purified in the usual way (J., 1913, 103, 444), separated 
from ether-light petroleum in colourless glistening prisms, m. p. 
168°, [a]p + 144° (c 1-25, alcohol), rising after 48 hours to + 179° 
(Found: C, 79-6; H, 8-0. C,;H,.0,N requires C, 80-0; H, 7-8%). 
When titrated with bromine in warm rectified spirit, this substance 
reacted normally, with the formation of d-bromo-oxymethylene- 
camphor and d-isodiphenylhydroxyethylamine hydrobromide 
(Found: Br, 27-8. Cale.: Br, 27-2%). It was sought, without 
definite result, to acetylate the methylenecamphor derivative, and 
also to cause it to react with p-nitrobenzoy! chloride, 3 : 5-dinitro- 
benzoyl chloride, hydrobromic acid, and hydriodic acid. 
O-Benzoy|-l-isodiphenylhydroxyethylamine, prepared as_ in- 
dicated by Erlenmeyer, had m. p. 215°, [a]p — 38-5° (c 1-25, methy! 
alcohol) and — 24-6° (c 1-25, acetone) : Erlenmeyer’s preparation, 
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having [«]) —29-0° in methyl alcohol, was therefore optically impure, 
a result which may be correlated with the preparation of a series of 
optically active derivatives (loc. cit.) from an optically impure base, 
having [«]) about — 110° instead of about — 130°. The following 
derivatives of the J-base were also prepared, the corresponding 
externally compensated substances having been described by 
Erlenmeyer (loc. cit., p. 344 et seq.). O-p-Nitrobenzoyl-i-isodi- 
phenylhydroxyethylamine separated from alcohol in yellow needles, 
m. p. 132°, -[«]p — 48-3° (c 1-25, absolute alcohol), and — 28-6° 
(c 1:25, acetone). The salicylidene derivative crystallised from 
alcohol in pale yellow plates, m. p. 132—134°, [«]p — 91-5° (c 1-25, 
absolute alcohol) and — 74-8° (c 1-25, acetone). The anisylidene 
derivative crystallised from alcohol in colourless glistening needles, 
m. p. 152°, [a]» — 72-4° (alcohol) and — 51-1° (acetone). The 
similar piperonylidene derivative had m. p. 144°, [a]) — 83-3° 
(alcohol) and — 175° (acetone). The 4-hydroxy-3-methoxy- 
benzylidene derivative formed pale yellow needles, m. p. 155°, 
[a]p — 84-4° (alcohol) and —53-0° (acetone). The /-base condensed 
with acetoacetic ester, yielding a syrupy liquid, having [«]) — 135° 
(alcohol) and — 74-1° (acetone). 

l-isoH ydrobenzoin and Derivatives —Among many modifications of 
the original treatment of the above bases with nitrous acid (J., 1927, 
916), the following was found to give the best yields of isohydroben- 
zoin. An ice-cooled solution of /-isodiphenylhydroxyethylamine 
(5 g.) in somewhat more (25 c.c.) than the calculated quantity of 
N-sulphuric acid was diluted with about twice its volume of water. 
After careful titration with a slight excess of aqueous sodium 
nitrite (1-8 g. in 50 c.c.), the mixture was kept cold for } hour; about 
two equivalents (50 c.c.) of N-sulphuric acid were then added, and 
the mixture was heated on the water-bath for several hours. After 
cooling over-night, the aqueous liquid contained a suspension of 
small colourless needles, together with a larger quantity of a thick oil. 
The crystals (0-5 g.), which were readily separated, melted at 130— 
136°; and by extracting the oil with ether a further quantity 
(0-15 g.) of identical crystalline material was obtained. Altogether, 
7-5 g. of crude J-isohydrobenzoin were prepared in this way, only 5 g. 
of base being used in each operation. After decolorisation with 
charcoal in benzene, it crystallised from this solvent in small trans- 
parent leaflets, m. p. 146°, [«]p —92-0°, [«]s4g3 — 111° (ce 1-25, 
absolute alcohol). 1-isoHydrobenzoin is very soluble in methyl or 
ethyl alcohol, acetone, or ethyl acetate; readily soluble in warm 
chloroform ; and moderately easily soluble in warm benzene or ether. 
It is deposited from ether in opaque prisms attaining an inch in 
length, but the best crystals are formed when it separates slowly 





2314 READ, CAMPBELL, AND BARKER: THE OPTICALLY 


from chloroform or ethyl acetate at the ordinary temperature (vide 
infra). 

Diacetyl-l\-isohydrobenzoin, prepared by boiling /-isohydrobenzoin 
for 5 minutes with a large excess of acetic anhydride, crystallised 
from alcohol in long colourless prisms, m. p. 109—110°, [«]p + 26-9° 
(c 0-6, alcohol) (Found: C, 72-5; H, 6-2. C,gH,,0, requires (, 
72:5; H, 61%). Benzylidene-l-isohydrobenzoin was made by 
keeping a solution of l-isohydrobenzoin (1 g.) in freshly distilled 
benzaldehyde (10 c.c.) in an atmosphere of carbon dioxide at 140° 
for 4 hour; the excess of benzaldehyde was distilled off under 
diminished pressure, and the residual product was poured into 
light petroleum and recrystallised from absolute alcohol. It formed 
fine, colourless needles, m. p. 70-5°, [«]p — 27-6° (¢ 1-25, alcohol) 
(Found: C, 83-5; H, 6-1. C,,H,,0, requires C, 83-4; H, 6-0%). 
Benzylidene-dl-isohydrobenzoin, prepared similarly, melted at 84° 
(Found : C, 83-5; H, 6-0%). 

d-isoHydrobenzoin and Derivatives——About 6 g. of d-isohydro- 
benzoin were prepared by the action of nitrous acid on d-isodi- 
phenylhydroxyethylamine, in the way described above; it had 
m. p. 146°, [«]p + 92-0° (c 1-25, absolute alcohol); [a]p + 101°, 
[«]s461 + 121° (c 1-2, acetone); [a]p + 111°, [a]54g, + 133° (ce 1-4, 
ethyl acetate); [«]p + 99-1°, [a]54g; +121° (ce 0-8, chloroform); 
[«]p + 128°, [«]54g, + 166° (c 0-3, benzene). d-isoHydrobenzoin is 
sparingly soluble in boiling water, less than 0-04 g. being dissolved J 
by 20 c.c.; long, fine needles separate from the solution on cooling. 
The substance (1 g.) yielded an acetone derivative when kept for 
48 hours in acetone (20 c.c.) containing 1% of acid. Upon dis- 
tilling away the solvent in presence of an excess of barium carbonate 
and extracting the derivative with dry ether, it was obtained in 
small colourless prisms, m. p. 48°, [«]p + 65-2° (e 0-75, alcohol) 
(Found: OC, 80-2; H, 7-1. C,,H,,0, requires C, 80-3; H, 7-1%). 

The Crystallisation of d- and 1-isoHydrobenzoin.—Well-developed 
crystals suitable for goniometric examination were readily obtained 
by allowing d- or l-tsohydrobenzoin to separate slowly at the 
ordinary temperature from solutions in ethyl acetate or chloroform ; 
with the latter solvent, the crystals are specifically lighter than 
their mother-liquor. The main observations are summarised 
below. 

d-isoHydrobenzoin. Crystals of this optical modification from an 
ethyl acetate solution are somewhat elongated, as shown in Fig. 1, 
and generally reveal the symmetry of the enantiomorphous class 
of the monoclinic system by the presence at the right side (i.e., the 
erystal’s left side) only of a pair of q-facets, the full combination 
being a(100), m(110), M(110), c(001), R(101) and g(011). Two 
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crystals measured on the two-circle goniometer gave angular values 
within a few minutes of those cited by Bodewig (loc. cit.). 
Although the above combination may be regarded as normal, 
other styles of development are occasionally favoured. Out of a 
crop of twenty crystals examined in detail, no fewer than thirteen 
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had the normal development ; five showed no q-facets, thus appear- 
ing to exhibit the plane of symmetry indicated by broken lines in 
Fig. 2; and two, in addition to right-handed q-faces, exhibited left- 

















handed facets, Q(011), whereby the crystals again appeared to have 
veq § the symmetry plane previously mentioned. 
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From a solution in chloroform, the crystallisation is somewhat 
different. Of twenty-nine crystals belonging to a crop examined in 
detail, twenty-three exhibited the simple combination a, m, M, c, R, 
while the remaining six exhibited a new form O(111) on the left side, 
as shown in Fig. 3. 

l-isoHydrobenzoin. Crystals from ethyl acetate generally behaved 
in the opposite sense to the foregoing enantiomeride. Of a crop of 
twenty crystals, fifteen exhibited the combination a, m, MU, c, R, Q, 
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as shown in Fig. 4; four exhibited the simple combination a, m, M, 
c, R of Fig. 2; and one developed in addition g and Q simultaneously, 

From a solution in chloroform, the whole of a crop of about twenty 
crystals exhibited the simple combination a, m, M, c, R, a right- 
handed form 0(111) in no case being observed, although its appear- 
ance was to be occasionally expected from the previous study of the 
d-enantiomeride. 

The Crystallisation of dl-isoHydrobenzoin.—Externally compen- 
sated isohydrobenzoin was prepared by evaporating to dryness an 
alcoholic solution of equal weights of the d- and /-components; the 
resulting material melted at 119° and was optically inactive (c 3-0, 
absolute alcohol). 

Crystallisation from ethyl acetate. Measurements of the first few 
crystals examined established their essential identity with the 
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crystals of the foregoing d- and /-modifications, the main difference 
being the presence of curved faces. Some of the crystals were 
joined together in pairs, but generally without any recognisable 
regularity ; in such cases the individuals were cut apart for study 
and measurement. A single crop of crystals was thus separated 
into nine right-handed crystals (i.e., crystals carrying a pair of 
q-facets on the right side), four left-handed crystals, and one crystal 
which was provisionally held to consist of dextro-material, since it 
exhibited large qg-facets, small Q-facets and the form O(111) previ- 
ously observed on d-isohydrobenzoin. 

The above segregation into d- and l-individuals (subsequently 
proved correct in every case tested by the polarimeter) was facilitated 
by the pronounced curvature of the g- and m-faces, as shown diagram- 
matically from enantiomorphous standpoints in Figs. 5 and 6. 
Further, among the pairs grown together, at least one example of 
the “ Siamese twinning ”’ observed by Bodewig was established by 
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measurement. Another pair was found to be a regular union in 
which a(100), instead of b(010), is the twin- and composition-plane. 

Several individual crystals of each kind, averaging 0-03 g. in 
weight, were examined polarimetrically in absolute alcoholic solution 
(30 c.c.) in a 4-dem. tube, with the following results: dextro- 
oriented crystals, [«], + 92-0°, + 90-1°; levo-oriented crystal, 
[«]> — 89-0°. The largest dextro-oriented crystal examined, 
weighing 0-0809 g., gave ap + 1-06°, [«], + 983°. The crystal 
with large d-facets and small /-facets was shown to consist of pure 
d-isohydrobenzoin. The melting point in all these instances was 
146°. A crystal having levo-oriented curved facets gave [«]p 
— 75-6°, while another with both levo plane and levo curved 
facets gave [«], — 76-6°. The Siamese twin broke up when cut 
apart, but the portions were segregated as completely as possible : 
the dextro-oriented portion had [«], + 44-5° and the other portion 
had [a]p — 59-2°, the respective melting points being about 124— 
130° and 124—142°. 

Crystallisation from chloroform. The crystals deposited from a 
solution of dl-isohydrobenzoin in chloroform were similar to those 
of pure d- or l-isohydrobenzoin from the same solvent, in that they 
exhibited no plane hemihedrism. In every crystal examined, 
however, either the right or the left side showed a pronounced 
tendency to degenerate into curved boundaries, and it was found 
possible to utilise this morphological peculiarity in effecting a 
segregation. That the individuals were of high optical purity was 
shown by the polarimetric examination of four crystals selected at 
random. The first, weighing 0-0700 g., gave a) — 0-76°, [a«]p 
— 81-5°, in absolute alcohol (30 c.c., 4-dem. tube), and the others 
gave the following results: 0-0097 g., a — 0-10°, [«]p — 80-0°; 
0-0142 g., ap + 0-18°, [«]p + 93-3°; 0-0206 g., ap + 0-26°, [a]p 
+ 94-6°. The respective melting points were 144—146°, 144—146°, 
146° and 146°. 

Upon segregation being undertaken, each one of the five selected 
crystals exhibited the predicted sense of optical rotation when 
examined polarimetrically. Three crystals rounded on the left 
side displayed the following rotatory powers when dissolved in 
benzene (30 c.c., 4-dem. tube): 0-0081 g., %54¢, — 0-17°, [«]5461 
— 157°; 0-0058 g., a54¢, — 0-12°, [a]544, — 155°; 0-0036 g., a54¢) 
— 0-09°, [«]54g; — 167°. Two other crystals, rounded on the right 
side, gave the following values: 0-0045 g., a54¢, + 0-11°, [«]54¢1 
+ 183°; 0-0052 g., o546, + O0-11°, [«]Jsag3 + 159°. The values 
observed for pure d-isohydrobenzoin were [«]p) + 92-0° in alcohol 
and [«]54g, + 166° in benzene. 
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CCCIIL.—A Study of the Vapour-pressure Diminution 
of Rubber Jellies. 


By PavuL STAMBERGER. 


ALTHOUGH swelling-pressure measurements have been carried out 
by Posnjak (Koll.-Chem. Beih., 1912, 3, 417) on rubber, and theories 
have been put forward whereby the swelling pressure may be 
calculated from the vapour-pressure diminution of the solvents in 
the jellies, no measurements of the latter value exist (idem, «bid. ; 
Katz, ibid., 1918, 9, 106). 

Rubber seems to be suitable for investigations of the nature of 
swelling, because it combines with many organic fluids of diverse 
properties, and, without the action of reagents, may be made to 
yield jellies of widely different consistency (according to the 
previous mechanical treatment of the natural product): it has 
already been shown that the consistency of the final “ solution ”’ of 
rubber has no influence on its vapour pressure (Stamberger, Rec. 
trav. chim., 1928, 47, 316). 

Measurements are now recorded of the vapour-pressure diminution 
of rubber jellies in three solvents, viz., benzene, chloroform, and 
carbon disulphide, and particularly at low concentrations of rubber, 
so that comparison with the behaviour of molecular disperse solu- 
tions may be made. 

The origins of the samples of rubber used were as follows: (1) 
Isolated from pure latex, freed from the protein content by centri- 
fuging and subsequent dilution (acetone-soluble, 2-2; N, 0-12%). 
(2) Dutch plantation rubber (first latex crépe) of 1926 (acetone- 
soluble, 3-0; N, 0-14%). (3) Plantation rubber from Ceylon 
(acetone-soluble, 3°6; N, 0-09%). (4) Rubber No. 2 in over- 
masticated condition purified by solution in benzene and precipit- 
ation with acetone (acetone-soluble, nil; N, 0-03%). (5) Rubber 
No. 3 in over-masticated condition. These samples, with the 
exception of No. 4, were used without further treatment after 
being dried over sulphuric acid in a vacuum desiccator for 14 days, 
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and no difference was found in their behaviour. All the values were 
reproducible after an interval of 2 years. The vapour pressure 
was determined by two methods: (1) that of Gay-Lussac—van 
Bemmelen, which is generally used for these determinations (com- 
pare Katz, “‘ Ergebnisse der exacten Naturwissenschaften,”’ 1924, 3, 
317), solutions of paraffin oil of an average molecular weight of 425 
being used as fluids of known vapour pressure; (2) a direct method 
in a modified Bremer—Frowein tensimeter. Both methods gave 
practically identical results. The direct measurement could not 
be carried out when the vapour-pressure lowering was less than 
2 mm., because of experimental difficulties. 

Method 1. Solutions obtained with the above-mentioned paraffin 
oil* of a concentration of about 2—50% were used. The vapour 
pressures of the solutions of low concentration (up to 10°) were 
calculated from the ebullioscopically-determined molecular weight 
of the paraffin oil (425) by means of Raoult’s formula (py, — p,)/ 
Py = n/(N +»). Above this concentration the differential vapour 
pressure was determined in a tensimeter (shown in Fig. 2), which 
was also used for measurement of the vapour pressure of jellies. 
From the results given in Table I it is seen that the values calculated 
from the molecular weight agree with those obtained directly, and 
if the relative vapour pressure is plotted against the concentration 
of paraffin oil in the solution, a linear relationship holds up to a 
concentration of about 40%. These results are in agreement with 
recent investigations on the validity of Raoult’s laws (Bancroft 
and Davis, J. Physical Chem., 1929, 33, 361). All the measure- 
ments were carried out in a thermostat at 25° + 0-005°, and 
pressures are recorded in mm. of mercury. 


TaBLeE I, 
Po = 90 mm. 


Paraffin, Po — P1)/Po- Paraffin, (Po — P1)/Po- 
g-/100 g. TFT 5 mer g./100 g. TR UESSPTEN Ter 


solution. py — p;. Cale. Found. solution. p,—p,. Cale. Found. 
. 0-0042 -— 26-5 5-6 00-0617 0-0624 
0-0106 ——- 49-7 14:0 0-159 0-154 
0:0241 0-0242 60-0 18-2 0-220 0-202 
0-0348 0-0334 67-0 24-2 0-275 0-268 


For this type of vapour-tension measurements of jellies, Wolff 
and Buchner (Z. physikal. Chem., 1915, 39, 271) point out the 
necessity of decreasing the vapour space to a minimum. It is also 
necessary, in order to obtain equilibrium quickly, to make the 
distance between liquid and jelly as small as possible. The arrange- 


* A commercial product was used consisting of a mixture of paraffin 
hydrocarbons. 
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ment shown in Fig. 1 was used for this purpose. To minimise the 
effect of fluctuations in the temperature of the thermostat, the whole 
apparatus was enclosed in a tube which was closed with a rubber 
bung and immersed in water. 

0-2—0-5 G. of rubber was weighed into the stoppered bulb, the 
stopper was removed and the bulb connected by a ground-glass 
joint with the vessel containing the solvent of known tension. From 
time to time (every 10 days) the bulb was disconnected, closed, and 
weighed. When no further increase of weight was noticeable, the 
tension of the jelly was identical with that of the liquid. From the 
increase of weight and the weight of rubber present initially the 
concentration of rubber in the jelly at a given vapour pressure can 
be calculated. The time neces- 
sary to obtain equilibrium was 
different with liquids of different 
tensions: When the vapour- 
pressure lowering in the jelly 
was small, 3—4 months were 
required, but with greater differ- 
ences about 3—4 weeks sufficed. 

The apparatus for the direct 
determination of differential 
vapour pressure as well as for 
the determination of the vapour- 
pressure lowering of the paraffin 
oil solutions is shown in Fig. 2. 
For the latter, the pure liquid 
was poured through a side tube 
into one of the bulbs, and the solution of paraffin oil of unknown 
tension into the other. Both bulbs were cooled with liquid air, and 
the side tubes sealed. The apparatus was evacuated by means of a 
Langmuir high-vacuum pump (the usual precaution being taken to 
condense the vapour before it reached the pump). The connexion 
with the vacuum was then closed by a mercury trap, the condenser 
filled, and the liquids in the bulbs were allowed to become warm 
slowly. The filling in the upper part of the condenser was solid 
carbon dioxide, and in the lower part a freezing mixture (in the 
case of benzene) or acetone-carbon disulphide (in the case of 
chloroform or carbon disulphide). 

To free the liquids completely from dissolved gases, they were 
kept for about 2 hours under vacuum, the whole system was then 
re-evacuated by a water pump, and the liquids in the bulbs were 
heated under reflux for 12 hours in a water-bath. It was necessary 
to use small amounts of liquid, about 10 c.c. in large bulbs, for 
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otherwise when it became air-free its boiling was accompanied by 
violent splashing. The liquid was then cooled to about — 5° and 
the system was evacuated by the high-vacuum pump for an hour, 
the liquid being further cooled with liquid air; the connexion with 
the pump was closed and the liquids were allowed to attain room 
temperature and kept for 12 hours under vacuum. In the case of 
benzene, a further evacuation and 24 hours’ standing were required. 
The necessity for the foregoing precautions may be illustrated by 
the fact that a liquid which had not been thus freed from dissolved 
gases gave a vapour pressure 15 mm. higher than after such treat- 
ment. 

















The air-free liquids were cooled again with liquid air, and the 
tube (which had naturally a capillary part) was connected with the 
vacuum, and gently warmed; the glass being now gas-free, the 
apparatus was sealed. The mercury, which had been previously 
boiled in a vacuum, was poured from the container connected with 
the manometer by gently tilting the apparatus, and the whole 
was put into a glass thermostat. The differential vapour pressure 
was read on the manometer with the aid of acathetometer. Usually, 
no further change in the meniscus of the mercury was observed 
after 2 hours’ standing in the thermostat, but if the liquids had not 
been completely freed from gases a small further movement of the 
meniscus was noticed. 
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Method 2. When the tension of the rubber jelly was to be deter. 
mined, two bulbs instead of one were used on the one side. In the 
one connected with the condenser a known weight of the solvent was 
placed, and in the other, the dry rubber itself. The liquids were 
cooled and evacuated as described above, and the bulb with the 
dry rubber was heated to 50°. In this manner hardly any 
liquid condensed on the rubber even when the liquid in the first 
bulb was boiled. As it was impossible to make a rubber jelly 
air-free, it was necessary to start from the dry rubber and liquid 
separately. 

When the liquids had been again freed from gases, as described 
above, the apparatus was sealed and the contents of the first bulb 
were poured into the second by tilting the apparatus, the contents 
of the third bulb being kept frozen during this operation. The 
apparatus was placed in a thermostat after the manometer had 
been filled with mercury. After 48 hours the whole of the solvent 
had been uniformly absorbed by the rubber, no further change in 
the meniscus occurred, and the differential vapour pressure could 
be measured. Although every precaution was taken in condensing 
the liquid when it was boiled, small amounts escaped and condensed 
in the retainers cooled with liquid air before the pumps. It was 
therefore necessary after every measurement to determine the con- 
centration of the dissolved phase in the bulb directly by cutting 
off the second bulb, weighing it, evaporating the volatile liquid, and 
re-weighing the bulb. 

The values given in Table II show the differences between the 
samples. The experimental error is estimated to be about 7%. 
Table III and Fig. 3 give the mean results obtained from 6—-10 
determinations in each case. 


TABLE II. 


Concentration of rubber. (% by wt.) in samples.* 
Po—P1 


vent. Po - 1. 2. 3. 4. 5. 
roy 31-4 342 32-5 33-0 32-3 31:0 30°83 33:0 32-6 32-0 
“154 55-0 548 56-5 54:2 58-0 56:0 54:0 56:2 55-6 54-0 
0-014 15-9 16-4 162 17-4 156-2 16-4 16:5 16-7 14-9 16-8 
0-278 58-1 55-5 55:0 57-3 56-8 56-0 58:2 57-1 56-2 57-0 


* Two determinations are given in each case. 





Freundlich and Posnjak (Koll.-Chem. Beih., 1912, 3, 445; see also 
Katz, loc. cit.) derived a formula P = — RT/MV «log. p;/pq for 
calculating the swelling pressure from the vapour-pressure lowering. 
Fig. 4 gives a comparison of the results thus calculated with the 


values determined by Posnjak. 
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Tasie III. 


Cone. of rubber G.-mols. of sol- 

G. of solvent per (g./100 g. of vent per 100 g. 
100 g. of rubber. jelly). of rubber. 
Solvent : Benzene; p® = 91 mm. 
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Discussion. 


When the relation between vapour-pressure lowering and con- 
centration of the rubber jellies is compared with that of molecular 
disperse solutions, e.g., paraffin oil in benzene, or sucrose in water 
(Berkeley and Hartley, Proc. Roy. Soc., 1906, A, 77, 156), a large 
difference is immediately noticeable : up to a certain concentration 
the rubber causes no appreciable vapour-pressure lowering, but 
beyond this the lowering increases rapidly with concentration, 
whereas molecular disperse solutions give a linear relationship up to 
a concentration of 40—50%. 

The agreement between the values obtained with different samples 
of rubber shows that they are of a very uniform nature and not 
mixtures of hydrocarbons of different degrees of polymerisation, 
thus supporting Harries’s views on the existence of a definite rubber 
hydrocarbon, which have recently been emphasised by Pummerer, 
Nielsen, and Gundel (Ber., 1927, 60, 2167). 

Over-masticated rubber, which combines with the solvent, giving 
a viscous liquid, behaves in exactly the same manner as the original 





2324 STAMBERGER: A STUDY OF THE 


untreated material, which in the swollen condition is an elastic 
solid. This behaviour makes highly improbable the explanation 
of the swelling phenomena by assuming capillary forces (Freundlich 
and Posnjak, loc. cit., p. 454 ; Kruyt, “Colloids,” p. 228), and supports 
Katz’s theory, based on the similarity between the vapour-pressure 
isotherm of jellies and those of concentrated solutions, that swelling 
is mainly a process of solution. The present values obtained with 
much less concentrated solutions of rubber show that the behaviour 
is different from that of a molecular disperse solution. Freundlich 
(“‘ Kapillarchemie,” 2nd edtn., p. 923) thinks that a similarity to a 
process of adsorption exists, with the difference that, whereas in the 
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case of glass, for example, only the molecules on the surface are 
active, in the case of jellies all the molecules combine with the solvent. 
This explanation is similar to that given for the process of solution 
when the molecules of the solute are surrounded with a solvation 
layer, and would hold also in the case of the “‘ liquid ” jelly of over- 
masticated rubber. It does not claim merely a surface adsorption 
or the presence of a solid wall. The incompleteness of theories 
explaining this part of the process of solution is discussed by 
Freundlich (op. cit., p. 67). It seems very probable that the forces 
causing the imbibition of solvent in the jelly are similar. 

On this basis it is possible to explain the shape of the isotherm 
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given in Fig.3. Only above a certain rubbet concentration (about 
10—20%) is appreciable vapour-pressure lowering observed: the 
solvent only loses its activity when it comes within the sphere of 
action of the molecules. The thickness of this solvated layer, in 
which the vapour-pressure lowering begins, can be calculated 
roughly. According to Sheppard, Nietz, and Keenan (Ind. Eng. 
Chem., 1929, 21, 126), the thickness of the rubber molecule is 4—6 
A.U., which corresponds to two carbon atoms in the isoprene mole- 
cule. Assuming that the molecules are only long chains, the width 
will correspond to the thickness of one carbon atom, 1.e., ca. 2 ALU. 
As a rough approximation, we will consider the molecules as rectan- 
gular prisms and neglect the distance between them. The total 
length of rubber molecules in a given volume, e.g., 1 c.c., when they 
are linked together in one long chain is equal to (volume)/(width x 
| thickness), and from the above values this is 0-125 x 10! cm. 
Further, if the thickness of the solvated layer is the same in both 
dimensions, for a given volume of solvent the thickness of this layer 
(x/2) can be calculated from the formula (7' + x)(W + x) = V/L, 
where 7’ is the thickness of the molecule (4 A.U.), L the length 
and V the volume of 1 c.c. of rubber together with its solvated layer, 
and W its width (2 A.U.). It is tacitly assumed that the solvated 
molecule has the same shape as the original molecule. 

In the case of benzene, V is 5-25 c.c. when (py — p,)/Py = 0-0042, 
whence 2/2 is about 2-0 A.U.; and for chloroform 2/2 = 2-0 A.U., 
when (Po — P)/Po = 00034 and V=8. The thickness of the 
solvated layer as calculated from the smallest vapour-pressure 
lowerings is thus of the order of the radius of molecular attraction. 

The values of swelling pressure calculated from the vapour- 
pressure lowering show a rough agreement with the values actually 
measured by Posnjak, but as his measurements were only over a 
very small range of concentration it is not possible to say how far 
the agreement will hold at higher swelling pressures. 

In the case described above, it is possible to say that swelling is 
due to the attraction of the molecules of the jelly to those of the 
solvent. This results in a surrounding solvation layer. Solvent 
molecules show vapour-pressure lowering in this layer and naturally 
exhibit swelling pressure. This behaviour is similar to (or identical 
with) that part of the process of solution in which the solute becomes 
surrounded by a solvated layer. The other part of the process of 
solution, in which van ’t Hoff’s law holds, is different. It is re- 
markable that substances which show swelling are generally of 
high molecular weight and, according to recent investigations, long 
chains of unimolecular thickness (Sheppard and Keenan, Nature, 
1928, 121, 982; Knight and Stamberger, J., 1928, 2791; Katz and 
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Samwell, Naturwiss., 1928, 30, 1513). This behaviour seems to be 
a special property of this class of substance. 

That the solvation of jellies is a molecular process and not a 
micellar one is most probable, because reproducible values were 
obtained with different samples after different treatment, and 
approximately the same molecular concentration causes the same 
relative vapour-pressure depression. 

The process of swelling can be sufficiently explained by assuming 
that the solid molecules of the jelly are surrounded by a solvated layer, 
and there is no reason to assume the existence of a solid solution of 
solvent in the jelly (Katz, loc. cit.): this would not hold in the 
case of liquid over-masticated rubber jellies. 


Summary. 


Methods and results of measurement of vapour-pressure lowering 
of rubber jellies are described. 

From the qualitative behaviour of the jellies (consistency), from 
the shape of the curve given in Fig. 3, and from approximate calcula- 
tions of the thickness of the solvent layer round the molecules, it is 
assumed that the solvent is bound by the molecules of the jelly in 
the form of a solvated layer. 

The existence of such a layer in the sphere of action of the mole- 
cules explains sufficiently a decrease of activity of solvents, which 
results in vapour-pressure lowering, swelling pressure, etc., and 
makes the process similar to that of solution. 


My best thanks are due to Professor F. G. Donnan, F.R.S., for 
valuable suggestions and criticism during this investigation. 
THe Sm Witr1am Ramsay LABORATORIES OF INORGANIC 


AND PuysicaL CHEMISTRY, 
UnIvERsITy COLLEGE,. LONDON. [Received, July 27th, 1929.] 





CCCIII.—The Solubility of Sodium Ferrocyanide in 
Water between 0° and 104°. 


By Jonn ALBERT NEWTON FRIEND, JOHN Epwin Town.ey, 
and Reece HENRY VALLANCE. 


TuE first systematic investigation of the solubility of sodium ferro- 
cyanide in water was carried out by Conroy (J. Soc. Chem. Ind., 
1898, 17, 103), who evaporated his solutions to dryness and kept 
the residues at 110° until they attained constant weight. In some 
cases the results were checked volumetrically. But desiccation 
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methods with complex cyanides are frequently inaccurate in con- 
sequence either of incomplete expulsion of water (analysis A, p. 2328) 
or of decomposition (analysis B), although it may happen by chance 
that numerically correct results are obtained when imperfect 
dehydration is counterbalanced by loss through decomposition. 
Conroy’s results above 90° were somewhat irregular, probably for 
the above reason, and when plotted they show a break near 80°, 
to which, however, he made no reference. 
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Miss Farrow (J., 1926, 49) redetermined the solubility of the salt 
between 24-9° and 99-7°, using de Haén’s permanganate volumetric 
method, and fixed the transition point by dilatometric and cooling- 
curve measurements at a mean value of 81-5°. 

The accuracy of volumetric methods has long been questioned, 
and it seemed desirable that these data should be checked and 
extended to 0° by a series of gravimetric determinations of the iron 
present in solution. The method employed was a modification of 
that first used by Locke and Edwards (Amer. Chem. J., 1899, 24, 
193, 413; Vallance, J., 1927, 1328), and has been successfully 
applied to potassium ferricyanide by Friend and Smirles (J., 1928, 
2242). The densities of the solutions were determined with the 
apparatus described by the latter authors. 
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The results are expressed in the table as g. of anhydrous salt 
per 100 g. of solution. The solution was stirred in contact with 
excess of crystals for 2}—3 hours at temperatures below the trans. 
ition point, but for various periods above 80°. 

The densities and solubility data are shown in Fig. 1, together 
with those of Farrow and of Conroy, the latter of whose data, 
expressed as g. per 100 g. of water in the original memoir, have 
been recalculated for the purpose of comparison. The saturated 
solution in contact with crystals of the salt boiled at 104-2°/751 mm. 

The following results show the uncertainty of data obtained by 
desiccation methods, as employed by Conroy, the result being 
sometimes too high and sometimes too low, probably for the reason 
already given. Two solutions of sodium ferrocyanide were pre. 
pared and treated as follows : 


Result calculated as 
g. of Na,Fe(CN),, 


A B 
(i) Taken to dryness on water-bath and weighed 
as anhydrous Salt ...........ccscecccccecccesceeees 1-0460 0-5032 
(ii) Heated in electric oven at 110—120° and 
weighed as anhydrous salt .......... heoscsdalee 1-0455 0-5010 
(iii) Decomposed with sulphuric acid and weighed 
WR PID aceninisiscincschgendevcsssscsaccsccooese tues 1-0292 0-5108 


The solubility and density increase steadily with the temperature 
from 0° to about 80°. Between 25° and 65° the results agree well 
with those of Conroy and Farrow, but above 65° they are some- 
what higher, although the solubility shows remarkable constancy 
between 84-2° and 96-6° for the 3-hour periods. As rise of tem- 
perature tends to increase the rate of decomposition of ferrocyanide 
solutions, it appeared possible that the difference between our 
results and those of Conroy and Farrow might be due, in part at 
least, to a variation in the period of stirring in contact with the 
crystals of the salt. Experiments were therefore carried out to 
determine the effect of varying this period. In Series II, portions 
of the solution were removed after 1, 2, 3, and 4 hours, respectively, 
and their ferrocyanide contents were determined, not only gravi- 
metrically, but also volumetrically by the permanganate method 
as used by Farrow. The permanganate, however, was standardised 
by titration with sodium ferrocyanide solution, the concentration 
of which was checked gravimetrically; our experience shows that 
standardisation of permanganate by direct titration with a given 
weight of alkali ferrocyanide crystals is less accurate than the 
gravimetric method in consequence, presumably, of variation in the 
water content of the crystals. 
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Na,Fe(CN),, g- Na,Fe(CN),, g- 
per 100 g. soln. Lu“ per 100 g. soln. Lt 
oo ry —_—_—, ri 
Temp. Grav. Vol. (in air). Temp. Grav. Vol. (in air). 
Series I; 3 hours’ stirring. 
0-65° 10-23 — 1-0680 710° 34-34 — —_ 
16-7 14-69 — 1-1079 74:25 35-82 — — 
25:35 17-63 — 1-1303 79-5 38-26 — 1-2809 
35°75 21-54 a 1-1572 82-35 — — 1-2892 
39-4 — — 1-1665 82-4 40-69 — — 
42-0 — — 1-1728 84-0 41-28 — — 
44-3 — — 1-1794 84-2 39-57 — 1-2875 
46-6 24-80 — —— 85-0 39-30 — — 
49-55 —- — 1-1921 86-7 — — 1-2824 
53-0 28-11 — — 88-4 39-57 — — 
55-4 — — 1-2078 94-3 — — 1-2738 
59-6 — — 1-2180 96-6 39-69 —- — 
59°75 30-35 — oo 97-8 — — 1-2688 
68°7 a — 1-2446 
Series IT; 1, 2, 3, 4, and 4 hours’ Series III; 1 hour’s stirring. 
stirring, respectively. 85-0 40-84 ee mt 
85-0 40°84 40-84 — 90-0 39-51 — — 
‘a 40-37 40-57 — 95-3 38-61 — — 
9 39-30 39-19 — 99-1 38-67 — _ 
ae aad ao oe a Series IV; 0-25 hour’s stirring. 
104-2 39-27 — — 


The “ apparent ”’ solubility is seen to fall as the period of stirring 
is increased, approaching asymptotically a minimum value. The 
“true ’’ solubility is thus difficult to ascertain, as a certain period 
of stirring is essential to ensure saturation. A third series of experi- 
ments was therefore carried out between 85° and 100° in which the 
period of stirring was 1 hour. The solubilities fell with rise of 
temperature to a constant value at 95° (see Fig. 1, broken line), 
which, however, was slightly lower than the constant value in the 
3-hour tests, but was practically identical with that of Conroy and 
Farrow. It would thus appear that if sufficient time is allowed 
(which time diminishes with rise of temperature), a condition of 
more or less partial equilibrium is reached, the exact value of which 
depends upon local conditions, being possibly dependent upon a 
series of factors, such as the rate of access of oxygen, the ease of 
escape of hydrogen cyanide, etc. (compare Tananaeff, Z. anorg. 
Chem., 1928, 172, 403). One hour would thus appear to be 
sufficient at 95°, and the lower value obtained in the 1l-hour tests 
is probably connected with the fact that a different apparatus was 
used from that in the 3-hour tests. For practical purposes, there- 
fore, it may be accepted that the apparent solubility of the salt 
between 85° and 104° is approximately constant at about 38-5— 
39-5 g. of anhydrous salt per 100 g. of solution, the value depending 
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upon local conditions at the time. The “true” solubility of the 
pure salt in contact with its pure solution will be somewhat higher 
than this. By extrapolation from Series II the true solubility at 
85° is estimated at 41-5 g. 


Tue TECHNICAL COLLEGE, 
BIRMINGHAM, [Received, October 30th, 1928.} 





CCCIV.--The Hydrates of Lithium Sulphate and their 
Solubility in Water between —16° and +103°. 


By Jonn ALBERT NEWTON FRIEND. 








ANHYDROUS lithium sulphate and its monohydrate are described in 
the literature, the hydrate constituting the stable phase in contact 
with water from 0° to 100°. Nevertheless, data hitherto published 
on its solubility in water at various temperatures show considerable 
lack of agreement, as is evident from Fig. 1. Even the more recent 
data appear to be as discordant as the earlier, for whilst the four 
determinations of Schreinemakers’ and Jacobs agree well with 
Kremers’s curve, the results of Etard and Massink stand alone. 
Further, the exceptionally steep fall in solubility observed by Etard 
as the temperature falls from — 4° to — 20° seems inherently im- 
probable. It was decided, therefore, to study the problem afresh. 

Lithium sulphate was prepared by dissolving the pure carbonate 
in dilute sulphuric acid, and crystallising the solution. Spectro- 
scopic examination showed that any impurities could only be present 
in the merest traces. Gravimetric analysis confirmed Rohrig’s 
observation (J. pr. Chem., 1888, 37, 225) that, on precipitating the 
sulphate ion with barium chloride, the barium sulphate is con- 
taminated with appreciable quantities of lithium, unless very 
special precautions are taken. The lithium is readily detected 
spectroscopically and the results may: be several units % too high. 

The lithium sulphate solution was stirred continuously in contact 
with the finely crushed salt for about 2 hours, a portion being then 
withdrawn by suction from the saturation flask through a Biichner 
funnel with a glass filter disc into a receiving flask, the usual 
precautions for submersion in the thermostat being taken to ensure 
complete uniformity of temperature. The solution was evaporated 
to dryness on the water-bath in a platinum dish, heated to 140° in 
an electric oven, and finally raised for a few moments to dull redness 
over a Bunsen flame to ensure complete expulsion of the last traces 
of water. The weight of anhydrous lithium sulphate was thus 
obtained directly and accurately. The saturated solution in 
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contact with excess of salt boiled at 103-2°/756 mm. (Kremers gives 
105°). 

The solubilities shown in Fig. 1 are given in Table I as g. of 
anhydrous salt per 100 g. of solution. Between — 6-5° and +65° 
the curve is linear, the solubility being given by the expression 
§ = 26-52 — 0-0335¢. _Of previous work, only two data are in 
harmony with the present, namely, those of Massink at 25-79° and 
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@ Kremers, Pogg. Annalen, 1855, 95, 468. 

© Etard, Ann. Chim. Phys., 1894, 2, 547. 

§ Schreinemakers and co-workers, Z. physikal. Chem., 1907, 59, 645; Chem. 
Weekblad, 1918, 15, 121. 

J Jacobs, Dissertation, Leiden, 1914. 

M Massink, Z. physikal. Chem., 1918, 92, 355. 

x Present research. 


of Etard at 90°. All the other data are lower, and the explanation 
is not obvious. Etard (loc. cit., p. 514) appears to have determined 
the lithium sulphate gravimetrically by precipitation as barium 
sulphate—a method that gives uncertain results; but so enormous a 
difference at the lower temperatures between his results and the 
author’s seems hardly explicable on this ground alone. Kremers’s 
results give curves of the same general shape as the author’s, but the 
data are always appreciably lower, although the same method of 
estimating the salt was adopted. His method of filtration, however, 
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TaBLeE I. 


Temp. S. Temp. S. Temp. S. Temp. 8. 

—16-0° 27-32 140° 26-07 380° 25-28 65-7° 24-34 
—13-0 27-24 16-5 25-96 42-2 25-12 77-0 24-05 
—11-5 27-18 16-7 25-96 43-7 25-00 94-8 23-76 
— 65 26-73 19-6 25-85 51-6 24-82 103-0 23-72 
+ 06 26-51 31-8 25-47 52-4 24-71 103-0 23-72 


appears to have been crude, and in itself would suffice to account for 
the difference noted. ; 

Below 0° the solution became increasingly viscous and the 
solubility curve appeared to break at about the same temperature 
as was noted by Etard, namely — 8° (Etard gave — 9°), but with 
this difference, that the rapid fall in solubility recorded by Etard 
was not confirmed. The break in the curve was taken to indicate 
the existence of a higher hydrate and the solid phase at various 
temperatures was removed and analysed. The results, in the order 
in which they were obtained, are as follows: — 6-5°, H,O, 30-8, 
25°54; — 11-5°, H,O, 29-76; — 16°, H,O, 25-66; — 10°, H,0, 
28-95, 28-91 (Cale. for Li,SO,,2H,O, 24-69; for Li,SO,,3H,0, 
32-96%). ‘ 

The results do not harmonise as closely as one could wish. It is 
difficult to free the crystals from mother-liquor without incurring 
simultaneous decomposition of the crystals to monohydrate. In 
all cases except the last the crystals were rapidly pressed between 
filter-papers to effect the removal of mother-liquor, but in the last 
experiment, at — 10°, one batch of crystals was dried between 
filter paper, and the second batch on a Biichner filter with glass 
filter disc. The two results agree well. It appears probable, 
therefore, that at low temperatures a higher hydrate, possibly the 
dihydrate, Li,SO,,2H,O, is capable of existence. 

Kremers states that the monohydrate heated at 100° still retains 
water of crystallisation, apparently implying its almost complete 
retention. Gmelin took this view; but such is not the case. 
Pettersson (“‘ Untersuchungen,” etc., Upsala, 1873) is more correct 
in stating that the salt becomes anhydrous, or partly so, at this 
temperature. This was proved as follows: a solution containing 
approximately 2 g. of anhydrous lithium sulphate was evaporated to 
dryness in a platinum dish on the water-bath, and the heating 
continued for 8 hours. The salt lost in weight fairly rapidly at 
first, but very slowly later, and finally retained only 0-0210 g. of 
water. This was expelled on warming for a few moments over 
Bunsen flame, the original weight of anhydrous salt being then 
recovered. Upon exposure to moist air the anhydrous salt takes up 
moisture, rapidly at first, until the monohydrate is formed. No 
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break in the rehydration—-time curve could be detected which was 
suggestive of ahemihydrate. In a very humid atmosphere the salt 
absorbs slightly more water than corresponds to the monohydrate, 
but rapidly yields up the excess in a desiccator over calcium chloride. 
In two rehydration experiments, the product contained H,0O, 14-14, 
13-96; mean 14-05 (Calc. for Li,SO,,H,0 : H,O, 14-08%). 


In conclusion, the author desires to acknowledge the assistance of 
Mr. Eric G. K. Pritchett, who determined six of the solubilities 
between 0° and 60°. 


CENTRAL TECHNICAL COLLEGE, 
BIRMINGHAM. (Received, August 19th, 1929.] 





CCCV.—Nitration of Halogenophenylarsinie Acids. 
By Harry JAMES BaRBER. 


For the preparation of certain diphenylaminearsinic acids (this vol., 
p. 471) halogenonitrophenylarsinic acids having the halogen in the 
ortho- or para-position with respect to the nitro-group were required : 
4-chloro-3-nitro- (D.R.-P. 245,836), 3-chloro-4-nitro-, 3-chloro- 
6-nitro- (Balaban, J., 1928, 809), and 2-chloro-5-nitro-phenylarsinic 
acids (D.R.-P. 286,547) have been described. The greater reactivity 
to be expected of their halogen atoms made the preparation of the 
corresponding bromo- and iodo-compounds desirable. 2-Halogeno- 
3-nitro- and 3-halogeno-2-nitro-phenylarsinic acids could not be 
obtained by nitration of the corresponding halogenophenylarsinic 
acids. 

2-Bromophenylarsinic acid (I), prepared from o-bromoaniline in 
42% yield by the Bart reaction, gave on nitration 2-bromo-5-nitro- 
phenylarsinic acid (II), identical with the product obtained from 
2-bromo-5-nitroaniline by the Bart reaction. Its identity was 
further confirmed by its hydrolysis with alkali to 5-nitro-2-hydroxy- 
phenylarsinic acid (ITI). 


AsO(OH), AsO(OH), AsO(OH), NH, 


Br —>. Br — OH <— H 
NO, NO, '. NO, 


(I.) (I1.) (III.) 


On attempting to prepare 2-iodophenylarsinic acid (IV) from 
0-iodoaniline small yields were obtained, partly owing to the inter- 
action of the iodophenylarsinic acid formed and the excess of 

4K 
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sodium arsenite in presence of copper arsenite to give o-phenylene- 
diarsinic acid (V). 
AsO(OH), As0(OH), 


(IV.) I ail AsO(OH), (V.) 


This explanation was confirmed by the conversion of 2-iodo- 
phenylarsinic acid, prepared from 2-aminophenylarsinic acid by the 
Sandmeyer reaction, into o-phenylenediarsinic acid by boiling with 
aqueous sodium arsenite in presence of copper arsenite. The only 
previously recorded instance of the ready replacement of a nuclear 
halogen by the arsinic acid group is that of o-bromobenzoic acid 
giving o-carboxyphenylarsinic acid (Rosenmund, Ber., 1921, 54, 
438) : failure to effect the replacement occurs in numerous cases of 
active halogen compounds (Balaban, J., 1926, 569). Such reaction 
is indicative of a high degree of activity of the iodine atom ortho to 
the arsinic acid group. With copper powder, sodium 2-iodophenyl- 
arsinate in boiling aqueous solution lost iodine completely, giving 
a mixture of phenylarsinic acid, 2-hydroxyphenylarsinic acid, and 
a trace of diphenyl-2 : 2’-diarsinic acid (?). It thus differs from 
2-iodobenzenesulphonie acid, which under similar conditions gives 
mainly the diphenyldisulphonic acid (Barber and Smiles, J., 1928, 
1142). As with the corresponding sulphonic acids, 3- and 4-iodo- 
phenylarsinic acids did not lose iodine on treatment with copper 
powder under those conditions. 

Nitration of 2-iodophenylarsinic acid gave 2-iodo-5-nitrophenyl- 
arsinic acid, which was oriented by its hydrolysis with alkali to 
5-nitro-2-hydroxyphenylarsinic acid (III). 

The 3-halogenophenylarsinic acids (V1) were all prepared from 
3-chloro-, 3-bromo-, and 3-iodo-aniline by the Bart reaction. Each 
on nitration gave the 3-halogeno-6-nitrophenylarsinic acid (VII) as 
the sole product. The orientation of these acids involves a new mode 
of dearsenication. The arsinic acid group with a nitro-group in 
the ortho-position is readily eliminated by aqueous alkali, being 
replaced by a hydroxyl group. 3-Chloro-6-nitrophenylarsinic acid 
thus gave 3-chloro-6-nitrophenol (and not p-nitrophenol as stated 
by Balaban, loc. cit.). The other 3-halogeno-6-nitrophenylarsinic 
acids behaved similarly. 


AsO(OH), AsO(OH), OH 
Nitration NO. NaOH NO 
Ri See ees © 

(VI.) (VILI.) 


This behaviour is analogous to the replacement of one nitro-group 
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in o-dinitrobenzene derivatives by hydroxyl, the case corresponding 
to the above being that of 4-chloro-]: 2-dinitrobenzene (Ber., 
1876, 9, 768). 

Although there is a close analogy throughout between the be- 
haviour of the nitro- and of the arsinic acid group, o-phenylene- 
diarsinic acid is not affected by boiling alkali. 

No instance of dinitration was experienced in this series. 

The thiolacetamide derivatives (thioarsinites; this vol., p. 1024) 
were used frequently as a means of identifying the arsinic acids and 
are described in a number of instances. 


EXPERIMENTAL. 
Di(carbamylmethyl) o-bromophenylthioarsinite, 
C,H, Br-As(S:CH,°CO-NH,)., 
the thiolacetamide derivative of 2-bromophenylarsinic acid, has 
m. p. 137—138° (Found: M, by iodine titration, 407. 
Ci9H,20.N,BrS,As requires M, 411). 
2-Bromo-5-nitrophenylarsinic Acid (I1).—(a) 2-Bromo-5-nitro- 
aniline (m. p. 137—139°) was submitted to the Bart reaction and 
gave the required acid (yield, 25%). The thiolacetamide derivative 
has m. p. 171—172° (Found: M, 460. C,)H,,O,N,BrS,As requires 
M, 456). The orientation of the 2-bromo-5-nitroaniline was con- 
firmed by de-amination to give 4-nitrobromobenzene. (6b) 2-Bromo- 
phenylarsinic acid (28 g.) was dissolved in concentrated sulphuric 
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acid (60 c.c.), nitric acid (d 1-52; 7-5 c.c.) added, and the mixture 
heated on a boiling water-bath for 1—2 hours. The cooled mixture 
was poured into cold water (500 c.c.), and the crude product removed 
(31 g.; 95%). This was apparently homogeneous, as successive 
fractions from 50°, acetic acid gave a thiolacetamide, m. p.171—172°, 
not depressed on admixture with that from (a). 

The arsinic acid crystallised from 50% acetic acid in prisms which 
were either anhydrous or monohydrated (Found: As, 22-4; H,0O, 
4-9; and As, 23-1, 23-4; H,O, 0. C,H,O;NBrAs,H,O requires As, 
21-8; H,O, 5-2%. C,H;O,;NBrAs requires As, 23-0%). When boiled 
for 1 hour with 25% sodium hydroxide solution, it gave 5-nitro- 
2-hydroxyphenylarsinic acid, identified by its thiolacetamide, m. p. 
194—195° (Found: M, 400. C,)H,,0;N,S,As requires M, 393), 
The m. p. was not depressed by admixture with the thiolacetamide 
from the arsinic acid derived from 4-nitro-2-aminophenol. 

2-Iodophenylarsinic Acid (IV).—The Bart reaction on 2-iodo- 
aniline, if carried out normally, gave o-phenylenediarsinic acid 
(yield, 20%) (Found : As, 46-1. Calc. : As, 46-0%); but when the 
reaction was carried out at room temperature, some 2-iodophenyl- 
arsinic acid was isolated. The two products were separable by 
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glacial acetic acid, the iodo-acid being readily soluble and the 
diarsinic acid insoluble. The Sandmeyer reaction on 2-amino- 
phenylarsinic acid gave the required acid (yield, 50%). ‘It formed 
hexagonal plates from 50% acetic acid and long prisms from 
water, both monohydrated (Found: As, 21:8; H,O, 5-2, 5-4. 
C,H,0,1As,H,O requires As, 21-7; H,O; 5-2%). 

2-Iodophenylarsinic acid (3-3 g.), dissolved in N-sodium hydroxide 
(20 c.c.) containing arsenious oxide (1-0 g.) and boiled for 1 hour in 
presence of a trace of copper sulphate, gave o-phenylenediarsinic 
acid (1-3 g.; 40%). 

2-Iodophenylarsinic acid (33 g.) was dissolved in 2N-sodium 
hydroxide (50 c.c.) and boiled under reflux with “‘ Naturkupfer C ” 
(17 g.) for 4 hours. The solution was diluted with water (100 c.c.), 
filtered from copper and cuprous iodide (28-2 g.; theoretical, 29-7 g.), 
and made acid to Congo-red with hydrochloric acid. After aday a 
small crop (ca. 0-5 g.) of crystalline material was removed. This 
was sparingly soluble in water and contained no iodine. It crystal- 
lised from 50% acetic acid in prisms (Found: As, 36-0. 
C\,H,,0,As, requires As, 37:2%. Sufficient material was not 
available for further analysis). The mother-liquor gave on con- 
centration a mixture of phenylarsinic acid and 2-hydroxyphenyl- 
arsinic acid. The former, being the less soluble, was obtained pure, 
m. p. 167—170° (thiolacetamide, m. p. 128—130°). The presence 
of the 2-hydroxyphenylarsinic acid was shown by the characteristic 
purple colour produced with ferric chloride. 

2-lodo-5-nitrophenylarsinic acid was obtained by nitration of 
2-iodophenylarsinic acid as described for the bromo-compound. No 
evidence of the formation of isomerides was obtained. It formed 
rhombic plates from 50% acetic acid (1 g.; 30 ¢.c.) (Found: 
As, 20-2. C,H;0;NIAs requires As, 20-1%). The thiolacetamide had 
m. p. 158—160° (Found: M,515. C,)H,,0,N,IS,As requires M, 503). 

With alkali the acid gave 5-nitro-2-hydroxyphenylarsinic acid 
(thiolacetamide, m. p. 194—195°) as in the case of the bromo- 
compound. Like 2-iodophenylarsinic acid, it lost iodine com- 
pletely on treatment with copper powder. It has not been found 
possible to separate the products; the hydroxy-compound was 
formed, as shown by the red colour with ferric chloride character- 
istic of 5-nitro-2-hydroxyphenylarsinic acid. 

3-Chlorophenylarsinic acid, obtained from 3-chloroaniline by the 
Bart reaction (yield, 45%), gave on nitration 3-chloro-6-nitro- 
phenylarsinic acid (Found: As, 26-4. Cale.: As, 26-°7%), the 
thiolacetamide of which had m. p. 172—173° (Found: M, 402. 
C,)9H,,0,N,CIS8,As requires M, 411-5). (The direct titration of the 
thiolacetamides of o-nitrophenylarsinic acids is unsatisfactory owing 
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to the slowness of the oxidation. It is necessary to add excess of 
standard iodine solution, keep the mixture for 5 minutes, and then 
titrate the excess of iodine.) ._The nitro-acid, which was identical 
with that obtained from 3-chloro-6-nitroaniline (Balaban, loc. cit.), 
when boiled (1 g.) for 1 hour with 25% sodium hydroxide solution 
(10 c.c.) gave 3-chloro-6-nitrophenol (yield, 35°), m. p. 38—40°, 
which was isolated either directly as its sodium salt or by acidification 
and steam distillation of the reaction mixture. A sample of 3-chloro- 
6-nitrophenol prepared from 3-chloroaniline by the action of nitrous 
fumes (Cenér., 1924, II, 2268) did not depress the above m. p. 

2-Nitrophenylarsinic acid similarly gave o-nitrophenol (yield, 30%) 
with alkali. 

3-Bromophenylarsinic acid was obtained from 3-bromoaniline by 
the Bart reaction (yield, 35%). It formed long slender prisms from 
2N-acetic acid (Found : As, 26-6. C,H,O,BrAs requires As, 26-7%). 
The thiolacetamide had m. p. 131—132° (Found: WM, 417. 
C19H,20.N,Br8,As requires M, 411). 

3-Bromo-6-nitrophenylarsinic acid, obtained by nitration as in the 
case of the chloro-compound, crystallised in plates from 50% acetic 
acid (Found: As, 22-1; H,O, 4:6, C,H;O;NBrAs,H,0 requires 
As, 21:8; H,O, 5-2%). With alkali, 3-bromo-6-nitrophenol (yield, 
35%), m. p. 42—45°, is formed. 

3-lodophenylarsinic acid, from 3-iodoaniline (yield, 24°), formed 
slender prisms (Found: As, 23-2. C,H,O,1As requires As, 
22-9%). The thiolacetamide had m. p. 138—139° (Found: WM, 
463. C, 9H,.0,N,IS,As requires M, 458). Nitration of the acid gave 
3-iodo-6-nitrophenylarsinic acid (yield, 75%), which crystallised 
from 50% acetic acid (1 g.; 40 c.c.) in slender prisms (Found : As, 
20-2. CgH;O;NIAs requires As, 20-1%). With alkali, 3-iodo-6- 
nitrophenol, m. p. 92—94°, is obtained. 

4 - Bromo - 3 - nitrophenylarsinic acid (Found: As, 23-5. 
C,H,O;NBrAs requires As, 23-0%) was obtained by nitration of 
4-bromophenylarsinic acid. It formed rectangular plates from hot 
water. 

4-lodo-3-nitrophenylarsinic acid (Found: As, 19-9. C,H;O;NIAs 
requires As, 20-1%), from 4-iodophenylarsinic acid, formed leaflets 
from hot water. 

Both 4-bromo-3-nitro- and 4-iodo-3-nitro-phenylarsinic acids gave 
3-nitro-4-hydroxyphenylarsinic acid with alkali. 


My thanks are due to Dr. A. J. Ewins for his criticism of this 
paper, and to Mr. R. H. Klein, F.1.C., for the analyses. 


ResEARCH LABORATORIES, Messrs. May & BAKER, LTD., 
Wanpsworts, S.W. 18. [Received, August 27th, 1929.1 
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CCCVI.—Influence of Poles and Polar Linkings on the 
Course pursued by Elimination Reactions. Part IV. 
Further Experiments on the Olefinic Degradation of 
Sulphones. 

By GrorFREY WILLIAM FENTON and CHRISTOPHER KELK INGOLD. 


THE observations recorded in Parts I and II (Hanhart and Ingold, 
J., 1927, 997; Ingold and Vass, J., 1928, 3125) relating to the 
mechanism of the decomposition of quaternary ammonium hydr- 
oxides led us to anticipate that sulphones in the presence of alkali 
would exhibit an analogous degradation; and in Part III (J., 
1928, 3127) we were able to show that diethylsulphone and ethy]- 
n-octylsulphone, when heated with concentrated aqueous potassium 
hydroxide, passed smoothly into the expected products, namely, 
ethylene and an alkylsulphinic acid. 

On the other hand, di-n-octylsulphone, when subjected to the 
same conditions, remained unaltered. This result, also, was not 
entirely unexpected, because, according to the mechanism which 
follows from the suggested analogy with the Hofmann degradation, 
the electron-repulsion due to the C,-C,, part of each alkyl group in 
the sulphone will exert a protective action, reducing the incipient 
ionisation of the corresponding $-hydrogen atoms against the 
contrary effect of the electron-attracting sulphone dipole; and, 
according to the theory, these $-protons are the focus of the attack 
by the alkaline anion : 


H 
“Y ry ; S) 
R+>CH—CH,—SO,Alk —-> R-CH:CH, + SO,Alk + H-OH. 


wy B a 
In the decomposition of ammonium hydroxides an analogous pro- 
tective effect of the C,—-C,, parts of the alkyl groups is discernible 
(Parts I and II, loc. cit.); but it is opposed in all cases by the 
powerful electron-attraction of the ammonium pole, and does not 
in any known instance cause a complete disappearance of the 
reaction leading to an olefin, a tertiary amine and water. That the 


® 
electron-affinity of *SO,R is considerably smaller than that of -NR, 
has been shown (Ingold, Ingold, and Shaw, J., 1927, 84) by observ- 
ations on the relative m-orienting powers of such groups in aromatic 


substitution. 
Utilising the data in Parts I and II relating to the decomposition 


of quaternary ammonium hydroxides, it is possible to arrange a 
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series of alkyl groups in the order of the ease of their elimination as 
olefins in this reaction. The series §-phenylethyl>ethyl, isopropyl, 
sec.-butyl>n-propyl>n-butyl>n-amyl, n-hexyl, n-heptyl, n-octyl> 
isoamyl>isobutyl, which has been experimentally established in 
this way, is in agreement with the order in which the groups, which 
are in each case attached to the 6-carbon atom of the alkyl radical, 
are expected on theoretical grounds to increase or decrease the 
incipient ionisation of the $-hydrogen atom attached by the 
hydroxide ion : 
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This correspondence with theoretical anticipation suggests that 
the sequence of alky] radicals should not only apply to the degrad- 
ation of quaternary ammonium hydroxides, but should also represent 
the ease of elimination of radicals as olefins in the new degradation 
of sulphones. 

On this view, the difference of behaviour between diethylsulphone 
and dioctylsulphone must mean that, for the conditions used, there 
is some point between ethyl and n-octyl in the above series of 
radicals such that all sulphones, R’,SO,, containing radicals, R’, 
occurring to the left of this point undergo the degradation, whilst all 
sulphones, R’’,SO,, possessing radicals, R’’, occurring to the right 
of it do so only slightly or not at all. The same should be true for 
the unsymmetrical sulphones, R’GSO, and R’’GSO, respectively, 
where G is a group, such as phenyl, incapable of elimination as an 
olefin. Sulphones having the constitution R’R’’SO, should undergo. 
degradation to R’’SO,H and the olefin corresponding to R’. Sul- 
phones of the form R’R’SO,, where the R’’s are different, should 
yield a greater proportion of that olefin which corresponds to the 


R’ cain = positions seen te: the lath in Abeiaes, The last two 
statements embody as much as is correct of the rule, well-known in 
its application to quaternary ammonium hydroxides, relating to 
the preferential elimination of ethylene; the degradation of ethyl- 
8-phenylethylsulphone should, for instance, proceed in the sense 
contrary to that indicated by the rule in its simplest form. 
Illustrations of most of these points are contained in the following 
experimental record. Phenyl-8-phenylethylsulphone _yielded 
styrene almost quantitatively, together with sulphur dioxide and 
benzene, the products into which benzenesulphinic acid would 
decompose under the conditions used. Diethylsulphone, diiso- 
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propylsulphone and di-n-propylsulphone passed smoothly into the 
corresponding olefins and sulphinic acids, although in the last case 
the decomposition was distinctly slower than in the first two. 
We infer that any sulphone containing a §-phenylethyl or any 
«-benzylalkyl, or ethyl, or any «-methylalkyl, or propyl, or any 
a«-ethylalkyl group would exhibit the degradation. With di-n-butyl- 
sulphone, on the other hand, the reaction was so slow that under 
our conditions the products were formed in traces only. Not only 
di-n-octylsulphone, but also diisoamylsulphone and_ ditsobuty]- 
sulphone, remained unaltered. Ethylisoamylsulphone, as well as 
éthyl-n-octylsulphone, underwent smooth degradation to ethylene 
and the appropriate aliphatic sulphinic acid, Zthyl-n-propyl- 
sulphone gave ethylene and propane-«-sulphinic acid as the principal 
products. 
EXPERIMENTAL. 

Ethyl-n-propylsulphone.—Ethyl n-propyl sulphide. (Strémholm, 
Ber., 1900, 33, 830), b. p. 114—117°, was stirred for 16 hours at the 
ordinary temperature with a small excess of 3°, aqueous potassium 
permanganate. The solution was heated on the steam-bath for 
+ hour, treated with sulphur dioxide to dissolve oxides of mangan- 
ese, acidified with sulphuric acid (Congo-red), partly evaporated, 
basified with ammonia, and evaporated to a small bulk. The 
residue was mixed with absolute alcohol and filtered, the salts were 
washed with a further quantity of alcohol, and the combined filtrates 
concentrated and finally evaporated to dryness in a vacuum. The 
residue was extracted with a small amount of alcohol, and the 
solution completely distilled under diminished pressure. The 
ethyl-n-propylsulphone obtained was again distilled and _ finally 
purified by partial freezing; it formed large plates, m. p. 25°, b. p. 
142—143°/23 mm. (Found: C, 44:3; H, 8-6. C;H,,0,S requires 
C, 44-1; H, 88%). The decomposition with potassium hydroxide 
was carried out as described in Part III for diethylsulphone. The 
oil obtained by passage of the gases through bromine (yield, 73%, 
calculated as ethylene bromide) boiled almost completely at 130— 
131° (Found : ©, 13-4; H, 2-4. Ethylene bromide requires b. p. 
130°; C, 12-8; H, 2:1%), but the temperature rose to 135° at the 
end of the distillation. The alkaline residue was dissolved in water 
and neutralised with sulphuric acid, and the solution evaporated to 
dryness. The residue was extracted with boiling alcohol, the 
solution completely evaporated, and the extraction repeated with 
a small quantity of hot absolute alcohol. The silver salt of propane- 
a-sulphinic acid was obtained by addition of silver nitrate to a warm 
aqueous solution of the salt obtained from the last extraction. 
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Crystallisation from hot water yielded minute pearly leaflets 
(Found : C, 16-6; H,3-3. C,H,O,SAg requires C, 16-7; H, 3-25%). 
Yield, 69%. 

Diisopropylsulphone.—The decomposition of this substance, 
m. p. 35—36° (Beckmann, J. pr. Chem:, 1878, 17, 459), yielded 
propylene, which was isolated as propylene bromide, b. p. 140—141°, 
in 78% yield (Found : C, 18-0; H, 3-05. Calce.: C, 17-8; H,3-0%), 
and propane-§-sulphinic acid, which was separated as its silver 
salt (yield, 72%) (Found: C, 16-5; H, 3-4. C,H,O,SAg requires 
C, 16-7; H, 3-25%). 

Di-n-propylsulphone.—Spring and Wissenger (Ber., 1883, 16, 
329; compare Wissenger, Bull. Soc. chim., 1887, 48, 111) prepared 
this substance from the sulphoxide; we obtained it directly from 
the sulphide by the method illustrated above. Under the con- 
ditions of the preceding experiments, 32%, m. p. 29°, was recovered 
unaltered. Propylene bromide, b. p. 140—141°, was isolated in 
50% yield, and silver propane-«-sulphinate in 41% yield. 

Ethylisoamylsulphone (m. p. 15°; Beckmann, J. pr. Chem., 1878, 
17, 450).—The ethylene bromide (yield, 75%) boiled completely 
at 130—131° (Found: C, 12:6; H, 2:2%). The silver salt of 
isopentanesulphinic acid was obtained as a minute crystalline 
precipitate (Found : C, 24-4; H, 4-7. C;H,,0,SAg requires C, 24-7 ; 
H, 4:5%). 

Phenyl-8-phenylethylsulphone (m. p. 57—58°; Posner, Ber., 1905, 
38, 651).—The mixture of liquid hydrocarbons was dried with 
fused calcium chloride and treated with bromine, delivered through 
a fine capillary, until just coloured, after which the benzene, b. p. 
80° (yield, 76%), was separated from the styrene dibromide, m. p. 
and mixed m. p. 73—74° (yield, 86%), by distillation. Benzene- 
sulphinie acid could not be found in the alkaline residue from the 
decomposition. 

The behaviour of the other sulphones examined was as stated 
in the introduction. 


Our thanks are due to the Chemical Society for a grant in aid of 
this research. 
THE UNIvEeRsITy, LEEDs. (Received, August 22nd, 1929.] 
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CCCVII.—Influence of Poles and Polar Linkings on the 
Course pursued by Elimination Reactions. Part V. 
The Mechanism of Thermal Decomposition of 
Quaternary Phosphoniwum Hydroxides. 


By GreorrrEy Wit.1aM Fenton and CuristoPHER KEtK INGOLp. 


PRESENT knowledge regarding the thermal decomposition of 
quaternary phosphonium hydroxides is derived exclusively from 
two early researches, together covering five examples. Cahours 
and Hofmann (Annalen, 1857, 104, 1) established the formation of a 
tertiary phosphine oxide, and either methane or ethane, from 
tetramethyl-, tetraethyl-, and triethylisoamyl-phosphonium hydr- 
oxides, and Collie (Phil. Mag., 1887, 24, 27; J., 1888, 53, 636) 
observed the analogous decompositions, leading to toluene, of 
benzyltriethyl- and dibenzyldiethyl-phosphonium hydroxides. 

The striking contrast which these observations present to the 
olefinic degradation of quaternary ammonium hydroxides has often 
been remarked. The point at issue is four-fold, involving the 
mechanism of the olefinic degradation, the reason for its non- 
appearance in the decompositions of phosphonium hydroxides, the 
mechanism of the paraffinic degradation of these substances, and 
the reason for its non-appearance in the ammonium series. 

The mechanism of the olefinic degradation of ammonium hydr-. 
oxides is already known in outline. However, the results establish- 
ing it (Parts I and II, J., 1927, 997; 1928, 3125) raise the second 
of the above questions in a still more acute form; for, in the first 
place, the mechanism is such that there is no obvious reason why 
it should not be applicable to ‘“‘-onium ”’ compounds generally, 
and, secondly, it has been experimentally (Parts III and IV, J., 
1928, 3127; preceding paper) shown to apply to compounds as 
different from ammonium hydroxides as sulphones, wherefore its 
apparent inability to function in the phosphonium hydroxide series 
seems the more surprising. Our answer to this point is that actually 
the mechanism is able to function in that series, and that the reason 
for the non-appearance of olefinic degradation in the. simple cases 
previously studied (in all of which the olefin which might have been 
formed is ethylene) is the intervention of the paraffinic degradation 
at a lower temperature than that which olefin-elimination would 
require. The mechanism of the paraffinic decomposition will be 
considered later : the only point which need now be noted is that, 
in most of the examples which have come within our experience, 
the reaction proceeds rapidly at temperatures in the neighbourhood 
of 130°. Now it is an essential feature of the mechanism of the 
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olefinic degradation that the reaction is facilitated by the internal 
electron-attraction of the -onium group. The relative electron 
affinities of various -onium groups are inferable, in some cases 
theoretically, and in all cases from suitable studies on orientation in 
aromatic substitution : observations in this field (Ingold, Shaw, and 


Wilson, J., 1928, 1280) establish the order NR,>PR,. Since the 
temperatures. favourable to the formation of simple aliphatic 
olefins from quaternary ammonium hydroxides are all considerably 
higher than that named above, it appears that corresponding 
degradations of phosphonium hydroxides would require temper- 
atures in still greater excess of that at which reaction proceeds in a 
different direction. It is, however, a further consequence of the 
mechanism of the olefinic degradation that the facility of the 
process depends also on the extent. to which the $-hydrogen atom 
eliminated. from the kation is activated or de-activated by the 
8-substituents of the group forming the olefin. Electron-repelling 
alkyl groups de-activate, and, accordingly, phosphonium hydroxides 
in which the only olefins which might be formed are simple aliphatic 
olefins, do not, for the reason indicated, constitute favourable cases 
for the observation of olefinic degradation. On the other hand, 
electron-absorbing or -attracting groups such as phenyl or nitroxyl 
promote the reaction (Part I, loc. cit.) and therefore reduce the 
region of favourable temperatures to an extent which may be 
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a 8-phenylethyl radical attached to the nitrogen atom proceeds 
with facility even at 100°. We therefore examined the thermal 
decomposition of $-phenylethyltriethylphosphonium hydroxide and 
found that the formation of styrene and triethylphosphine attained 
an appreciable speed at the temperature of the paraffinic decom- 
position, which, however, was still the main reaction. It was then 
an obvious step to activate the -hydrogen atom still further by the 
introduction of a second 8-phenyl group, and, proceeding accord- 
ingly, we found that $$-diphenylethyltri-n-butylphosphonium 
hydroxide yielded as-diphenylethylene and tri-n-butylphosphine as 
the main products of its decomposition ; the simultaneous paraffinic 
degradation was only just discernible. Thus we are able to record 
clear cases, proving, not only the possibility of olefinic degradation 
in the phosphonium hydroxide series, but also that the conditions 
for its facilitation are similar to those already established for the 
ammonium series. 

Our explanation of the paraffinic degradation of phosphonium 
hydroxides utilises Sidgwick’s hypothesis regarding the relation 
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between atomic number and the maximal number of electrons that §- 
can find accommodation in the valency shell of anelement. Accord. 
ing to this hypothesis, for which a large body of evidence has been 
advanced by its author (‘The Electronic Theory of Valency,” 
Chapter IX), the nitrogen octet is constitutionally incapable of 
expansion by the inclusion of additional electrons, whereas the 
phosphorus octet can, under favourable conditions, add on two, and 
sometimes four, more electrons. The phosphonium ion, therefore, 
unlike the ammonium ion, should be capable of co-ordinating with 
a sufficiently basic anion to give a neutral complex with a shared 
decet, and, since the hydroxide ion is strongly basic, we assume 
that quaternary phosphonium hydroxides can act in this way—in 
other words, that they are not infinitely strong electrolytes. Grant- 
ing this, the remaining stages are obvious : the associated hydroxide, 
R,P-OH, has the constitution of a weak acid, and, since it is formed 
in the presence of a large excess of hydroxide ions, will yield its 
anion ; and the latter can, in a single step, recover both its neutrality 
and its octet by the ejection of an alkyl radical as an anion, 


R—pR, <6, which, of course, is at once converted into a 
hydrocarbon : 


On’ 
[Ry P + OH® =— R, i OH <== = [Ry Po} —> R,PO +R. 


R° + H,0 —> RH + OHS. 


If the four radicals, here represented as R,, are different, the one 
ejected will be that which has the greatest toleration fora negative 
charge. 

The above mechanism contains an automatic explanation of the 
failure of the paraffinic degradation in the ammonium series, and 
is susceptible to further tests, which in due course will be applied, 
relating to the degradation of -onium compounds of other elements; 
in the meantime we have utilised it in the interpretation of experi- 
ments undertaken with the object of ascertaining the relative 
anionic stabilities of different types of hydrocarbon radicals, that 
is, their relative affinities for a negative charge. Our procedure 
was to ascertain the relative progress of the competing reactions 


R,-1R’,PO + RH 
R,R’y-1PO + R’H 


by analysis of the mixture of hydrocarbons, RH and R’H, evolved 
on decomposition of phosphonium hydroxides containing any two 
of the series of radicals under comparison. The phosphine oxides 
were usually examined qualitatively, but their physical character- 


(n +n’ = 4) 


[R,R’,,P]® OH® —> { 
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istics, and those of most of these salts, rendered them unsuitable 
“for quantitative study. The results are recorded in the following 
table; the analytical data from which the compositions are calcu- 
lated will be found in the experimental portion. 


Decomposition of Quaternary Phosphonium Hydroxides 
(R,R’,P)®OH®. 


Composition of 
hydrocarbons. 
Constitution of kation. RH (p R’H (p’ 
wen. mols. Is. 
R’. gf..: .%)- 
— 100 
3 100 
3 100 
3 100 
3 100 
os 1 100 
n-Butyl 3 10 
3 
3 
1 
3 
1 
1 
3 


. 


3 





| 


~ 


8 
3 


Phenyl 
Methyl 


8 $38 | 


Ethyl 


BR- Diphenyl- 
ethy 
88 


23 
73 
26 
76 
77 


_ CS a et et es eS 


Ethyl 
n-Propyl 
n-Butyl 


m— wwe oe 


n-Octyl 
Methyl 


* Benzyl alcohol added; no toluene formed (contrast Expt. 14). 


+ as-Diphenylethylene, 90%, formed. 
+ Styrene, 5%, formed. § Too small to be estimated. 


Expt. 2 was performed in order to eliminate at the outset the 
rather unlikely possibility that the paraffins arising in these decom- 
positions are secondary products formed by thermal fission of the 
hydroxide into a tertiary phosphine and an alcohol (compare the 
degradation of quaternary ammonium salts), and the reduction of 
the latter by the former. The result was as indicated in the note 
below the table, notwithstanding that benzyl alcohol was expected 
to undergo reduction much more readily than methyl alcohol. 
The formation of styrene and as-diphenylethylene in Expts. 16 and 
17 has already been discussed. The purpose of Expt. 20 will be 
mentioned later. 

Before reviewing the conclusions, to which these results lead, 
regarding the anionic stabilities of the various radicals, it is neces- 
sary to consider the evidence which the data afford for the assump- 
tion, implicit in our view of the mechanism of the reaction, that 
the facility of elimination of a given radical is essentially a property 
of the radical, and is not affected (except, possibly, to a minor 
extent in certain cases) by the other alkyl groups in the phosphonium 
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complex. The truism that, if W, and W, are the respective prob. 
abilities that, during a small time-interval, a molecule: suffers 
mutually exclusive changes in groups @ and 6, the chance that, in 
the same interval of time, it suffers either change is W, + W, must 
clearly hold if a and 6 are merely imaginary labels applied to groups 
which in reality are identical when the total probability of reaction 
becomes 2W,; and since, in this case, the two partial reactions are 
of the same order with respect to each participating component, a 
similar statement will apply statistically to the substance in bulk, 
and after integration with respect to time; wherefore we are enabled 
to express the relative probabilities of elimination of each of the 
four radicals in a phosphonium complex by dividing the molar 
proportion of each hydrocarbon by the number of groups of corre- 
sponding kind originally present in the phosphonium kation. 
This calculation is included in the table, the data being expressed 
in the last three columns, the headings of which are self-explanatory. 
Now it is clear that the above statistical reasoning relates only to 
alternative modes of reaction of a given structure, and cannot on 
any @ priori grounds be carried over from one structure to another. 
If, therefore, it is found by specific observations that the relative 
probabilities of elimination (calculated as described) of two or more 
groups are independent of the constitution of the phosphonium 
hydroxide from which they are derived, then this would show that 
(within the limits of the same observations) the relative facility 
of elimination of the groups is dependent only on the groups 
eliminated, and is not an orientation effect of the other radicals 
present in the phosphonium complex. We have carried out this 
test for the groups ethyl, n-propyl, and n-butyl, for which the 
probabilities of elimination are sufficiently similar to give an accurate 
meaning to the analytical results; and it will be seen (Expts. 7, 
8, 9, 10, 11, 18, 19) that the relationship indicated (pn’/p'n constant, 
for the same R and R’) holds to within the limits: of analytical 
error. If certain theoretical expectations relating to the n-octyl 
group be admitted as relevant evidence, then Expt. 12 provides 
further confirmation. It may, therefore, be inferred that the 
tendency of each of these radicals to elimination is indeed a property 
of the radical, as the mechanism assumes; or, in other words, that, 
provided the conditions of decomposition are sufficiently nearly 
identical, which they certainly must be in the observations con- 
sidered, the simple statistical treatment illustrated takes sufficient 
account of the varying structures of the phosphonium ions. Finally, 
it is necessary to repeat that complete generalisation is not implied ; 
for example, one case in which we should not be surprised to observe 
considerable deviations from the simple relationship is that in which 
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aryl groups are directly joined to phosphorus; for the power of 
aryl groups to stabilise intrinsically unstable electronic systems 
in an attached atom (Ingold, Ann. Reports, 1928, 25, 152;. Burton 
and Ingold, Proc. Leeds Phil. Soc., 1929, 1, ix, 421) must confer on 
an aryl group in an arylphosphonium complex the ability to influence 
the ejection of other groups as well as itself. We have not yet 
encountered any example suitable for the investigation of possible 
effects of the kind here anticipated. : 

On the basis just explained, the tabulated results lead to the 
following sequence for the order of ease of elimination of the various 
hydrocarbon radicals studied : 


C,H,;-CH,>C,H,>CH,>C,H,°CH,-CH,>CH,°CH,, higher alphyls. 


The more facile elimination of benzyl than of ethyl is inferable 
from Collie’s results (loc. cit.), but, if isoamy] is similar to the higher 
alphyl groups examined by us, Cahours and Hofmann (loc. cit.) 
should have obtained nearly 25%, of isopentane in the hydrocarbons 
evolved from triethylisoamylphosphonium hydroxide. 

According to our hypothesis of the mechanism of the paraffinic 
degradation the above order is also the order of the anionic stabilities 
of the radicals. Independent evidence of the truth of this inference 
was furnished by the study of a tetramethylphosphonium hydroxide 
in which a hydrogen atom in one of the methyl groups was replaced 
by a radical, namely, carbethoxyl, the strong electron affinity of 
which is very well established. The effect of this substitution 
should evidently be to increase the toleration of the corresponding 
group for a negative charge; and, accordingly, we found that the 
carbethoxylated radical was eliminated to the almost entire exclu- 
sion of the unsubstituted methyl groups. 

Confirmatory evidence is provided by the series of hydrocarbon 
radicals. The relatively high stability of the benzyl anion, for 
instance, is supported both by indirect and by direct evidence : 
it accords with the theory that ionic stability generally is augmented 
by decentralisation of the charge (Burton and Ingold, loc. cit.), and 
with the applications of that theory to the stability of free radicals 
(idem, ibid.), to aromatic side-chain reactivity (Ingold and Roth- 
stein, J., 1928, 1217), and to the facilitation of prototropy (Ingold 
and Shoppee, this vol., pp. 447, 1199), and of reduction (Burton and 
Ingold, this vol., p. 2023), by aryl groups; it is directly confirmed 
by the isolation of the benzyl anion in the form of its electrovalent 
sodium and tetramethylammonium salts (Schlenk and Holtz, Ber., 
1917, 50, 262, 274). Schlenk and Holtz have shown that the 
anionic stabilities of phenyl, methyl, ethyl and the higher alphyls 
are all much smaller, but their results do not enable these anions 
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to be placed in order amongst themselves. Our order for methyl and 
ethyl is in agreement with the established inductive effect of alkyl 
groups, and the difference is so marked that the very close grouping 
of ethyl with the higher alphyls is a little surprising. The position 
of §-phenylethyl is normal; for just as the substitution of pheny] 
for hydrogen in methyl produces an increase of anionic stability, so 
the introduction of a $-phenyl group into ethyl should cause the 
same change, but less markedly, because only that part of the 
anionic charge which passes by inductive transmission through 
a single linking reaches the position from which tautomeric dis- 
tribution in the aromatic ring is facile. It is noteworthy that the 
position of phenyl between benzyl and methyl is different from its 
position in the kationic stability sequence (Part I), namely, 
C,H,;"CH,>CH,>C,H,;. Benzyl heads both series because its 
electron-distributing mechanism based on the principle of the 
preservation of atomic octets is reversible, and thus can act for a 
charge of either sign; on the other hand, the order as between 
phenyl and methyl becomes inverted on passing from one series to 
the other, and this suggests that, apart from any reversible mechan- 
ism which the aromatic ring may possess for leading away a charge 
acquired by one of the nuclear atoms, the phenyl group has a 
stronger permanent electron affinity than the methyl group, as, 
indeed, is indicated by the accepted direction of the molecular 
polarity of toluene. 


EXPERIMENTAL. 

Preparation of Tertiary Phosphines.—Trimethylphosphine was 
prepared in ethereal solution with the aid of zinc methyl] (Renshaw 
and Greenlaw, J. Amer. Chem. Soc.; 1920, 42, 1472; Renshaw and 
Bell, ibid., 1921, 43, 916). Triethylphosphine was prepared by the 
Grignard method (Hibbert, Ber., 1906, 39, 161), which was also 
used for the remaining phosphines. Tri-n-propylphosphine was 
obtained by a method almost identical with that recorded by Davies, 
Pearse, and Jones (this vol., p. 1264), the main difference being that 
we distilled the Grignard product (metal-bath raised to 300°; 
pressure 40 mm.) instead of decomposing it with ammonium chloride 
solution ; * our product had b. p. 72—73°/12. mm. Tri-n-butyl- 
phosphine was prepared by a method similarly related to that 
recently described by Davies and Jones (this vol., p. 33), and had 
b. p. 121—122°/16—17 mm. Phenyldimethylphosphine, b. p. 74— 
75°/12 mm., was obtained as described by Ingold, Shaw, and Wilson 


* It is not implied that this is an improvement. Our preparative work 
was done before the publication of the methods elaborated by Jones and his 
collaborators. 
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(J., 1928, 1280), except that a slight excess of the Grignard reagent 
was used, and triphenylphosphine (m. p. 79°) as described by Pfeiffer 
(Ber:, 1904, 37, 4620) excepting that the reaction was conducted in 
an atmosphere of hydrogen, as in the other preparations. 


Preparation and Decomposition of Phosphonium Hydroxides. 

Tetramethylphosphonium Hydroxide.—(Expt. 1) The iodide, pre- 
pared from ethereal trimethylphosphine and methy] iodide, crystal- 
lised from alcohol in iridescent leaflets (Found: I, 57-8. Cale. : 
I, 58-2%). The corresponding picrate, prepared from the iodide 
and aqueous sodium picrate, separated from water in long needles, 
which are lemon-yellow in the cold, deep orange at 100°, and do not 
melt: at 290° (Found: C, 37-6; H, 4:1. C, ,H,,0,N;P requires C, 
37-6; H, 44%). The iodide was converted into the hydroxide with 
silver oxide, prepared with the aid of barium hydroxide, and the 
carbonate-free hydroxide solution was distilled in an atmosphere of 
oxygen-free nitrogen. The side arm of the flask was fitted with a 
condenser jacket and delivered the product into a small receiver 
which communicated through a tap with a large receiver below, 
which was kept. under reduced pressure, the object of this arrange- 
ment being to reduce the volume of apparatus to be swept out with 
nitrogen. The upper part of the small receiver communicated: with 
a succession of traps, two containing hydrochloric acid, two con- 
taining bromine, one water, and one potassium hydroxide solution ; 
the last was joined to an aspirator. Decomposition commenced 
when the solution had attained a syrupy consistency, and proceeded 
smoothly at 115—125° (bath temperature). The distillate and 
contents of the acid traps were partly fractionated, and the first few 
c.c. of distillate treated with p-nitrobenzoyl chloride and pyridine ; 
no methyl p-nitrobenzoate was obtained. The undistilled portion 
of the contents of the acid traps was basified and distilled in a 
current of ether vapour; the dried ethereal distillate yielded no 
salt with ethereal picric acid. The contents of the bromine traps 
on treatment with ice and sulphur dioxide yielded no oil. The gas 
in the aspirator was shown by analysis to contain methane and 
nitrogen, together with a trace of hydrogen.* ‘The residue in the 
distillation flask had b. p. 210—212°, m. p. 140—141° (Collie records 
m. p. 137° for trimethylphosphine oxide). Most of its salts were 
very soluble and hygroscopic, but a non-hygroscopic salt was found 
in hydroxytrimethylphosphonium trichloroacetate, which separated 
from concentrated aqueous solution and, after being dried, crystal- 

* The gas analyses recorded in this paper were made with Bone and 


Wheeler’s apparatus, the hydrogen being burnt on copper oxide at 280—300° 
before the hydrocarbons were burnt on the same reagent at red heat. 
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lised from ligroin in leaflets, m. p. 64° (Found: C, 23-5; H, 4-0. 
C;H,)0,Cl,P requires C, 23-8; H, 3-9%). 

(Expt. 2) The previous experiment was repeated, but benzyl 
alcohol (1-5 mols.) was added to the concentrated hydroxide solution 
just before decomposition commenced. The volatile products were 
the same as before, and no toluene could be detected in the distillate 
receiver or the first acid trap. 

Trimethylethylphosphonium Hydroxide.—(Expt. 3) The iodide 
was prepared in ethereal solution from trimethylphosphine and 
ethyl iodide, and crystallised from alcohol in leaflets (Found : [, 
54-6. Cale.: I, 54-7%). The picrate, prepared from the iodide and 
aqueous sodium picrate, separated from water in long needles, m. p, 
290°, which showed the same change of colour on heating as the tetra- 
methylphosphonium salt (Found: C, 39-6; H, 4-5. C,,H,,0,N,P 
requires C, 39-7; H, 4:8%). The iodide was converted into the 
hydroxide, and the solution distilled as described above. Examin- 
ation of the distillate and of the contents of the various traps proved 
the absence of detectable amounts of alcohols, tertiary phosphines, 
and unsaturated hydrocarbons. Analysis of the gas indicated : 
CO,,CO,O,, 1-4; Hy, 1:2; CH,, 32-9; C,H,, 0-0; N,, 64-5 vols. %,, 
the yield of methane being 88% calculated on the iodide. The 
residual dimethylethylphosphine oxide, b. p. 223—225°, m. p. 
about 73—75°, was very hygroscopic and yielded an oily salt with 
trichloroacetic acid. 

(Expt. 4) In the preceding experiment the apparatus was not 
swept out exhaustively, because the object was to ascertain the 
composition of the hydrocarbons evolved, and it was undesirable 
to dilute the product too largely with nitrogen; furthermore, the 
silver salts were not washed exhaustively, as a large bulk of liquid 
was inconvenient. In a duplicate experiment the concentration 
of the hydroxide solution was determined by titration, and the 
apparatus was swept out thoroughly after the decomposition. 
Analysis gave: CO,CO,,0,, 0:7; H,,0-5; CH,, 14-6; N,, 84-2 
vols. %, the yield of methane being 95%. It appears, therefore, 
that there is a definite but minor side-reaction (<5%) in which 
hydrogen is formed. 

Methyltriethylphosphonium Hydroxide.—(Expts. 5 and 6) The 
iodide was prepared from triethylphosphine and methyl iodide in 
ether, and crystallised from absolute alcohol in small leaflets (Found : 
I, 48-6. Cale.: I, 488%). The picrate, prepared from the iodide 
and aqueous sodium picrate, separated from alcohol in prisms, 
m. p. 239° (Found: C, 43-0; H, 53. C,;H,.90,N,P requires C, 
43-2; H, 5-5%). Distillation of the hydroxide gave no detectable 
quantities of tertiary phosphines, alcohols or unsaturated hydro- 
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carbons. ‘Triethylphosphine oxide was identified by the b. p. 
238—240°, m. p. about 46°, and the m. p. 99—100° of its chromate 
(Pickard and Kenyon, J., 1906, 89, 264). Analysis of the gases 
gave: CO,, O,, CO, 2-2,2-0; H,, 0-0, 0-0; CH,, 38-5, 38-7; C,H,g, 
0-0, 0-0; Ny, 59-5, 59-3 vols. %, the yield of methane calculated on 
the original iodide being 88, 89%. 

Triethyl-n-propylphosphonium Hydroxide. —(Expts. 7 and §8) 
The iodide was prepared from n-propyl] iodide and triethylphosphine 
in absolute alcohol (over-night at 30°), precipitated by the addition 
of ether, and crystallised from alcohol, from which it separated 
in colourless needles (Found : I, 43-9. C,H,.IP requires I, 44-1%). 
The picrate, obtained from the iodide and sodium picrate, separated 
from alcohol in rosettes of foliated needles, m. p. 91° (Found: C, 
46-0; H, 6-3. C,,H,,0,N,P requires C, 46-3; H, 6-2%). Distill- 
ation of the hydroxide yielded neither phosphines nor olefins, and 
the gas gave the following results on analysis: CO, 1-0, 1-0; Hg, 
0-9, 0-6; hydrocarbons, 28-5, 28-4; N,, 69-6, 70-0 vols. %; 1 vol. 
of the hydrocarbons gave 2-271, 2-277 vols. CO,, which corresponds 
to C,H,, 72-9, 72-3; C,H ,, 27-1, 27-7 vols. %. The-yield of 
hydrocarbons is 90%, calculated on the iodide used. The phosphine 
oxides had b. p. 245—247°, m. p. about 37° (Found : C, 55-4; H, 
11-3. Cale. for Et,PO: C, 53-7; H, 11-2%. Cale. for Et,PrePO: C, 
56-8; H, 11-5%). 

Ethyltri-n-propylphosphonium Hydroxide—(Expts. 9 and 10) 
Tri-n-propylphosphine and ethyl iodide were allowed to react in 
alcohol at the ordinary temperature; the iodide, precipitated with 
ether, crystallised from alcohol-ethyl acetate in needles (Found : 
I, 40-1. C,,H,,IP requires I, 40-2%). The picrate, prepared from 
the iodide and aqueous sodium picrate, separated from benzene— 
ligroin in needles, m. p. 64° (Found : C, 48-7; H, 6-9. C,,H,,0,N,P 
requires C, 48-9; H, 6-7%). 

Distillation of the hydroxide yielded only negligible traces of 
basic volatile products; a perceptible quantity of heavy oil was, 
however, obtained from the bromine traps, but it was far too small 
to identify. The gaseous products on analysis gave : CO, 0-5, 0-5; 
H,, 0-5, 0-5; hydrocarbons, 29-2, 29-3; N, 69-8, 69-7 vols. %; 
1 vol. of the hydrocarbons gave 2-757, 2-773 vols. CO,, corre- 
sponding to C,H,, 243, 22'7; C,H,, 75-7, 77-3 vols. %. Yield 
of hydrocarbons, 90% calculated on the iodide used. The 
mixture of phosphine oxides had b. p. 253—257°, but it did not 
solidify. 

Tri-n-propyl-n-butylphosphonium Hydroxide.—(Expt. 11) A mix- 
ture of tri-n-propylphosphine (8 c.c.), alcohol (16 ¢.c.), and n-butyl 
iodide (15 g.) was kept at the ordinary temperature over-night and 
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then heated for 1 hour on the steam-bath. The quaternary iodide, 
precipitated with ether, crystallised from ethyl acetate in needles, 
m. p. 239—-240° (Found: I, 36-6. C,,;H3,IP requires I, 36-9%). 
The picrate, prepared from the iodide and sodium picrate, crystallised 
from dilute acetic acid in small prisms, m. p. 67° (Found: C, 51-0; 
H, 6-9. C,gH,,0,N,P requires C, 51-2; H, 7-2%). Decomposition 
of the hydroxide yielded scarcely ponderable traces of volatile 
basic products and small but definite traces of something which 
formed a heavy oil with bromine. The phosphine oxides partly 
crystallised when kept over sulphuric acid in a vacuum, but the 
crystalline constituent was not isolated because it vanished when 
air was admitted to the desiccator. The gaseous product on 
analysis gave : CO,,0,,CO, 1-6; H,, 1-0; hydrocarbons, 23-4; N,, 
74:0 vols. %; 1 vol. of the hydrocarbons gave 3-240 vols. CO,, 
which corresponds to C,H,, 76-0; C,H49, 24-0 vols. %. Yield of 
hydrocarbons, 85% calculated on the iodide used. 

Tri-n-propyl-n-octylphosphonium Hydroxide.—(Expt. 12) A solu- 
tion of tri-n-propylphosphine (9 g.) and n-octyl bromide (15 g.) in 
alcohol (20 ¢.c.) was kept at the ordinary temperature over-night 
and heated on the steam-bath for 1 hour. The addition of ether 
precipitated the quaternary bromide as an oil, and the ether and 
alcohol were therefore evaporated and the excess of n-octyl bromide 
was removed by distillation under reduced pressure. The liquid 
bromide was converted into the iodide with sodium iodide in alcohol, 
and into the chloride via the hydroxide, but these salts also were 
liquids; a very fusible, but solid chloroaurate was finally obtained, 
which separated from ligroin-alcohol in prisms, m. ‘p. 38° (Found : 
C, 32:7; H, 6-2. .C,,H,,P,AuCl, requires C, 33:2; H, 6-2%). The 
hydroxide on decomposition gave no detectable traces either of 
volatile bases or of olefins. The octane was collected as liquid, 
dried, weighed, and distilled (b. p. 125°). The gaseous product on 
analysis gave: CO,,0,,CO, 1-7; H,, 0-8; hydrocarbon, 23-4; N,, 
741 vols. %. 1 Vol. of the hydrocarbon gave 2-993 vols. CO,, 
wherefore it was propane and contained no significant quantity of 
octane vapour. Yields: octane, 19-8; propane, 66-2; total, 86% ; 
mols. octane/mols. propane = 23/77. 

Phenyltrimethylphosphonium Hydroxide.—(Expt. 13) The iodide, 
crystallised from alcohol, had m. p. 236° (Michaelis, Annalen, 1876, 
181, 359, records m. p. 205°), but the picrate prepared from our 
iodide was pure and its m. p. agreed with that recorded by Ingold, 
Shaw, and Wilson (loc. cit.). The hydroxide solution, prepared at 
0°, underwent decomposition from the early stages of concentration 
at 100°. The products included no perceptible trace either of 
olefins or of volatile bases, and no gaseous hydrocarbons. Benzene 
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(b. p. and conversion into m-dinitrobenzene) and trimethylphosphine 
oxide (b. p. and m. p.) were, however, obtained in good yield. 

Benzyltrimethylphosphonium Hydroxide.—(Expt. 14) The bromide, 
prepared from trimethylphosphine and benzyl bromide in ethereal 
solution, crystallised from alcohol—ligroin in needles, m. p. 222° 
(Found: Br, 32-1. C,)H,,BrP requires Br, 32-3%). It yielded a 
picrate agreeing in m. p. with that described by Ingold, Shaw, and 
Wilson (loc. cit.). The decomposition of the hydroxide took place 
exactly as in the preceding case, and the products were the same 
except that toluene (b. p. and conversion into trinitro-derivative) 
replaced benzene. 

Triphenylbenzylphosphonium Hydroxide.—(Expt. 15) The bromide, 
prepared from triphenylphosphine (10 g.) and benzyl bromide 
(10 g.), crystallised from water or alcohol-ethyl acetate in needles, 
m. p. 288° (Found: Br, 18-6. C,,H,.BrP requires Br, 18-59%). 
The picrate could not be satisfactorily crystallised. The hydroxide 
solution was prepared at 0°, but the perceptible odour of an aromatic 
hydrocarbon indicated the commencement of decomposition. The 
mixture was therefore distilled without filtration from the silver 
bromide, and toluene (b. p. and oxidation to benzoic acid) passed 
over in the first portion of the aqueous distillate. The distillation 
was then stopped, and the liquid in the distilling flask cooled and 
filtered. Evaporation of the filtrate gave a scarcely perceptible 
residue. The silver bromide was extracted with acetone in a 
Soxhlet extractor, and the acetone solution concentrated and poured 
into water. The precipitate was almost pure triphenylphosphine 
oxide, m. p. 154—156° (Found: C, 77-3; H, 5-4. Cale.: OC, 77:7; 
H, 5-4%). Evaporation of the aqueous acetone gave a little impure 
oxide, m. p. about 140°. The recovery of distilled toluene was 70% ; 
that of triphenylphosphine oxide was 100%, of which 92% was 
almost pure and 8% crude. 

8-Phenylethyltriethylphosphonium Hydroxide—(Expt. 16) Tri- 
ethylphosphine (1 part), 8-phenylethy] chloride (2 parts), and alcohol 
(2 parts) were heated together at 60—70° for 3 hours, and poured 
into ether. The quaternary salt was extracted with water, and 
its aqueous solution washed well with ether and evaporated. The 
syrupy chloride crystallised after being kept for several months 
over sulphuric acid, but was inconveniently hygroscopic for analysis. 
The picrate, prepared from it with sodium picrate, crystallised with 
difficulty from chloroform-ligroin in prisms, m. p. 70° (Found : C, 
53-1; H, 5-5. C,,H,,0,N,P requires C, 53-2; H, 58%). A portion 
of the hydroxide solution prepared from the chloride and silver 
oxide was titrated to ascertain its concentration, and the remainder 
distilled. The contents of the traps containing acid were basified 
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under benzene, and the dried benzene extract treated with trinitro- 
anisole; addition of ligroin precipitated a small amount of solid, 
which after crystallisation from alcohol was identified as methy]- 
triethylphosphonium picrate. No trace of bromides was obtained 
from the traps containing bromine. The gaseous product on 
analysis gave: O,,CO,H,, 0-2; hydrocarbons, 10-4; Ny, 89-6 
vols. %; 1 vol. of the hydrocarbons gave 2-002 vols. CO,, wherefore 
they consisted essentially of ethane. The oily distillate was 
separated, dried, weighed, treated with bromine until just coloured, 
and distilled under reduced pressure. The distillate was identified 
as ethylbenzene (b. p. under ordinary pressure, oxidation to benzoic 
acid, and analysis: Found: C, 90-4; H, 9-4%), and the residue 
as styrene dibromide (m. p. and mixed m. p. 73—74°). Yields: 
styrene, weighed as dibromide, 45%; ethylbenzene, by deducting 
styrene from total liquid hydrocarbons, 84-:1%; ethane, 6-6%; 
total recovery of hydrocarbons, 95-2%%. The residue in the dis- 
tilling flask had the b. p. and approximately the m. p. of triethyl- 
phosphine oxide. 

88-Diphenylethyltri-n-butylphosphonium Hydroxide.—(Expt. 17) 
A mixture of tri-n-butylphosphine (1 part), 88-diphenylethy] chloride 
(2 parts), and alcohol (1 part) was kept at 40—45° for several days, 
heated for a short time at 60—70°, poured into ether, and extracted 
with water. The aqueous solution was washed with ether, freed 
from the solvent by passage of air, and treated with excess of silver 
oxide. A portion of the hydroxide solution was used for standardis- 
ation by titration, and the remainder distilled in nitrogen under 
reduced pressure in an apparatus modified by the omission of the 
customary bromine traps and. the replacement of the aspirator 
by an exhausted bulb, communicating with the acid traps by a 
stop-cock, and having a side arm to facilitate the subsequent 
transference of the gas to an ordinary holder by filling with water. 
At the end of the distillation the apparatus was swept out with 
nitrogen until the pressure in the bulb was slightly less than the 
atmospheric pressure ; liquid bromine was then let in (through the 
side arm), and a further amount of nitrogen to render the pressure 
slightly greater than that of the atmosphere. The bromine was 
drawn off and examined for olefin bromides, with negative results. 
The residual gas was analysed, but contained neither hydrogen nor 
hydrocarbons. The distillate was acidified and extracted with 
ligroin (b. p. 40—45°), and the aqueous solution, combined with 
the contents of the acid traps, was basified and extracted with ether. 
The concentrated ethereal solution was treated with methyl iodide, 
and tri-n-butylphosphine was thus identified in the form of its 
methiodide (m. p. 132—133°. Found: I, 36-6. Cale.: I, 36-8%). 
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The ligroin was removed from the extract by distillation up to 60° 
(bath temperature) at 25 mm., and the residue weighed and com- 
pletely distilled (b. p. 150—155°/24—25 mm.). The product was 
unsaturated towards bromine and permanganate, and its analysis 
(Found: C, 93-1, 93-2; H, 6-9, 7-0%) was consistent with the 
assumption that it was as-diphenylethylene (Calc.: C, 93-3; H, 
6:7°%%) but did not exclude the presence of as-diphenylethane (Calc. : 
C, 92°3; H, 7-7%) as a minor constituent. The refractive index 
was therefore determined with the following results : for an authentic 
specimen of as-diphenylethylene, n}’ 1-6091; for the above product, 
ni’ 1-6059: Since Konowalow and Jatzewitsch record for as- 
diphenylethane, n} 1-5761 (J. Russ. Phys. Chem. Soc., 1905, 37, 
543), the above results indicate the presence of 10% of as-diphenyl- 
ethane. On this assumption the total recovery of hydrocarbons 
is 913%. Definite identification of the constituents was effected 
by ozonolysis. The product obtained by treatment at 0° in 
chloroform solution with ozonised oxygen was boiled with water 
and the volatile products were passed through a trap containing 
p-nitrophenylhydrazine in acetic acid; a copious precipitate of 
formaldehyde-p-nitrophenylhydrazone, m. p. 181—182°, was 
obtained: The residual oil did not solidify and was therefore not 
pure benzophenone. It was digested for 2 hours on the steam- 
bath with a large excess of hydroxylamine hydrochloride and sodium 
hydroxide in aqueous alcohol, and the product extracted with ether 
after addition of dilute sulphuric acid. The not quite completely 
solid mass left after removal of the ether (a long column was used) 
was washed with a small amount of cold ligroin; it then had m. p. 
142—-143° and was identified as benzophenoneoxime by mixed 
m. p. (143—144°). The residue from the ligroin extract distilled 
almost completely at 20 mm. from a bath at 160—165° (the quantity 
was insufficient for b. p. determination). The distillate was warmed 
for a short time with finely powdered aluminium chloride, and the 
product treated with ice and hydrochloric acid. The precipitate 
was collected, dried, and sublimed, and 9: 10-dimethyl-9 : 10- 
dihydroanthracene was obtained in long yellow needles, m. p. 181° 
(Radziewanowski, Ber., 1894, 27, 3228). The formation of this 
substance established the presence of as-diphenylethane (idem, 
ibid.), especially as a control experiment with as-diphenylethylene 
failed to yield the anthracene derivative. The small residue from 
the distillation of the hydroxide was partly crystalline. After 
addition of water the solid was collected, dried, and crystallised 
from benzene-ligroin, from which leaflets separated, m. p. 189— 
190°. Them. p. and analytical data (Found: C, 93-0; H, 67%) 
agree with those required (Cale.: C, 93-3; H, 67%) for Hepp’s 
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polymeric as-diphenylethylene (Ber., 1874, 7, 1409), and on this 
assumption the compound represents another 1-2% of as-dipheny]. 
ethylene. The aqueous filtrate from the solid hydrocarbon, on 
complete evaporation, left a viscous syrup which may have been 
tri-n-butylphosphine oxide: the amount was too small for 
identification. 

n-Propyliri-n-butylphosphonium Hydroxide.—(Expts. 18 and 19) 
A mixture of equal weights of tri-n-butylphosphine, »-propyl iodide, 
and alcohol was kept over-night, diluted with ether, and extracted 
with water. The aqueous solution was extracted with ether, and 
treated with a stream of air to remove that solvent, and with a 
suspension of silver oxide. Distillation of the hydroxide solution 
yielded no volatile basic products, but traces of a heavy oil were 
obtained from the bromine traps. The residual phosphine oxides 
did not crystallise and were not examined. The gases which were 
collected gave on analysis: CO, 1-2, 10; H,, 0-4, 0-9; hydro- 
carbons, 21-6, 28-3; N,; 76-8, 69-8 vols. %; 1 vol. of the hydro- 
carbons gave 3-737, 3-742 vols. CO,, which corresponds to C;Hg, 26; 
C,H,9, 74 vols. %. 

w-Carbethoxytetramethylphosphonium Hydroxide-—(Expt. 20) The 
corresponding chloride was prepared from trimethylphosphine and 
ethyl chloroacetate in ether—alcohol in the cold, and was precipi- 
tated by addition of more ether. It separated from ether-alcohol 
in hygroscopic needles, m. p. 160° (decomp.). The picrate, pre- 
cipitated by the addition of saturated aqueous sodium picrate to a 
concentrated solution of the chloride, separated from alcohol in 
rhombs, m. p. 124—125° (Found: C, 39:7; H, 4-7. C,3;H,,O,.N,P 
requires C, 39:9; H, 4-6%). Preliminary tests having shown that 
the hydroxide solution undergoes rapid hydrolysis as well as the 
usual decomposition, the product obtained by treating an aqueous 
solution of the chloride with silver oxide was distilled, without 
filtration, to two-thirds of its bulk. The apparatus was swept out 
with nitrogen, but the gas which was collected contained neither 
hydrogen nor hydrocarbons. The liquid distillate was redistilled, 
and alcohol detected in the first portion of the distillate by the 
iodoform reaction and the preparation of ethyl p-nitrobenzoate. 
The residual suspension was acidified with hydrochloric acid, 
filtered, and distilled to a small bulk; again the collected gas was 
free from hydrogen and hydrocarbons. The distillate was neutral- 
ised and evaporated to dryness, and the residue shown to contain 
acetate. The undistilled portion was basified with silver oxide, 
and the filtered solution distilled up to 200° (bath temperature). 
Analysis of the collected gases gave: CO, 0-4; H,, 0-5; CH,, 0-9; 
N,, 98:2 vols. %. No basic product was obtained from the acid 





THI 


ides 
rep 
hyc 
nev 
olef 
hyc 
the 


deg 
elin 
fav 
in 1 
the 
niti 
stal 
ex} 
sep 
anc 


dire 
trie 
cor 


fluc 
the 


of ¢ 





this 
nyl- 
on 
een 
for 


19) 
ide, 
sted 
and 
ha 
tion 
vere 
ides 
vere 
lro- 
iro- 
26; 


The 
and 
ipi- 
hol 
ore- 
Oa 
in 
V3P 
hat 
the 
ous 
out 
out 
her 


the 








INFLUENCE OF POLES AND POLAR LINKINGS, ETC. PART VI. 2357 


traps, and no olefin bromides from the bromine solutions. The 
residue had the b. p. and m. p. of trimethylphosphine oxide and 
was definitely identified as such by conversion into its trichloro- 
acetate. (p. 2349) (Found : C, 23-9; H, 4-0%). 


Tse University, LEEDs. [Received, August 22nd, 1929.] 





CCCVITI.—Influence of Poles and Polar Linkings on 
the Course pursued by Elimination Reactions. 
Part VI, 1:1-Elimination in the Degradation of 
Quaternary Ammonium Hydroxides. 


By CHRISTOPHER KELK INGOLD and JoE ARTHUR JESSOP. 


THE explanation given in Part V (preceding paper) of the different 
modes of thermal decomposition of quaternary ammonium hydrox- 
ides requires that, in suitable circumstances, olefin-elimination should 
replace paraffin-elimination in the degradation of phosphonium 
hydroxides, but that, on the contrary, paraffin-elimination should 
never, even under the most favourable structural conditions, replace 
olefin-elimination in the thermal decomposition of ammonium 
hydroxides. The first of these inferences has already been verified ; 
the second led to the experiments now described. 

Having in mind the principle that the facility of the paraffinic 
degradation depends essentially on the anionic stability of the group 
eliminated (Part V), we could think of no structural condition more 
favourable to the observation of paraffinic thermal decomposition 
in the ammonium hydroxide series than that which is attained by 
the attachment of a 9-fluoryl or similar group to the quaternary 
nitrogen atom. In fluorene and its analogues the dominating circum- 
stance is that the powerful forces of aromatic stability, acting as 
explained. by Goss and Ingold (J., 1928, 1268), are working for the 
separation of a 9-fluoryl anion. Subsidiary factors also collaborate, 
and one illustration of the combined effect is that fluorene is unique 
amongst the simpler hydrocarbons in yielding a potassium salt by 
direct action on potassium hydroxide. 

We prepared salts of the fluoryl-9-trimethylammonium and -9- 
triethylammonium series and studied the decomposition of the 
corresponding hydroxides. In neither case was any trace either of 
fluorene or of an amine oxide produced, and the inference regarding 
the incapacity of ammonium hydroxides for paraffinic thermal 
decomposition is thus confirmed to that extent. 

Fluoryl-9-trimethylammonium hydroxide gave a small amount 
of dimethyl-9-fluorylamine and a high yield of trimethylamine ; part 
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of the corresponding quantity of 9-hydroxyfluorene appeared as § was 
9-fluoryl ether, and this is in accordance with Barbier’s observation § and 
of the production of this ether by the action of heat on the hydroxy- § hy¢ 
compound (Ber., 1875, 8, 829; Ann. Chim. Phys., 1876, 7, 507). § ten 
The most interesting observation, however, was that a considerable (20 
proportion of the material which might have appeared as 9-hydroxy- § mis 
fluorene or its ether was actually recovered as bis-oo’-diphenylylene- par 
ethylene (difluorylidene), and, as this is not formed from either the ] 
hydroxy-compound or the ether under conditions equivalent to § sha 
those of the experiment, it is evidently a primary product of the § the 
decomposition. Fluoryl-9-triethylammonium hydroxide gave no § wa; 
perceptible quantity of diethyl-9-fluorylamine and no ethylere; § pro 
otherwise it behaved similarly to the trimethyl compound. eth 
These appear to be the first examples of | : l-elimination from J (¢,, 
a quaternary ammonium hydroxide. Hanhart and Ingold pointed § tio, 
out (J.,°1927, 1000) that despite the greater inductive effect of the § in 
electron-attracting ammonium pole on the «- than on the 6-hydrogen § 58- 
atoms, the decomposition of ammonium compounds does not i 
normally involve attack by the anion on the incipiently ionised J hy 
a-hydrogen atom, because, whilst in’ $-proton-attack the octets are §j sil 
preserved throughout, «-proton-attack necessitates the degradation §f aft 





of an octet to a sextet : the 
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It is, however, possible to imagine circumstances in which the groups 
attached to the «-carbon atom activate the «-proton so effectively § °P 
that its reactivity overcomes the inhibitory effect of octet-stability, 
and a reaction such as that formulated takes place (leading, e.g., to 
R’R’C:CR’R”). Few groups are capable of achieving this result, § PY 


but the fluorene structure, doubtless owing to the special constitu. § °" 
tional conditions already mentioned, is apparently able to do so. “ 
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EXPERIMENTAL. 


9-Bromofluorene.—9-Hydroxyfluorene (15 g.), prepared from 
fluorenone as described by Werner and Grob (Ber., 1904, 37, 2895), 
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was dissolved in the minimal amount of glacial acetic acid at 30—35° 
and the solution, mixed with an equal volume of a solution of 
hydrogen bromide in glacial acetic acid (600 g./1.), was kept at room 
temperature over-night (crystals separated). The 9-bromofluorene 
(20 g., m. p. 103—104-5°), which was collected after addition to the 
mixture of an equal volume of water, required no purification (com- 
pare Staudinger, Ber., 1906, 39, 3061). 
Fluoryl-9-trimethylammonium Salts.—Bromofluorene (6-1 g.) was 
shaken with ethyl-alcoholic trimethylamine (20 c.c.; 330 g./l.) until 
the solid had dissolved and heat ceased to be evolved. The mixture 
was then heated at 50° for 1 hour and the fluoryl-9-trimethylammonium 
bromide, m. p. 189—190° (decomp.), was precipitated by addition of 
ether, collected, and washed with ether (Found: Br, 24-8, 24-8. 
C,H, NBr requires Br, 26-3%). The picrate, precipitated by addi- 
tion of the bromide to aqueous sodium picrate, separated from alcohol 
in plates, which softened at 170° and melted at 175° (Found: C, 
58-0; H, 4-6. C,,H,,0,N, requires C, 58-3; H, 46%). 
Decomposition of Fluoryl-9-trimethylammonium Hydroxide.—The 
hydroxide solution, prepared from the bromide and carbonate-free 
silver oxide, had a strong purple colour,* which disappeared soon 
after the commencement of concentration; rapid decomposition 
then set in, which was completed in a metal-bath at 170°. A red- 
brown resinous residue remained, and that portion of the volatile 
basic products which did not condense with the distillate was trapped 
in hydrochloric acid; no gas passed through the acid traps during 
the progress of the decomposition, which was followed by periodic- 
ally titrating the distillate, and when reaction had ceased the 
apparatus was swept out with nitrogen. Methyl alcohol could not 
with certainty be detected by distilling the neutralised distillate 
and treating the first runnings with p-nitrobenzoyl chloride and 
pyridine. Formaldehyde, which would be formed from trimethyl- 
amine oxide at the temperature of the experiment, was also tested 
for with negative results. The volatile bases recovered (94%) from 
the distillate and contents of the acid traps consisted essentially of 
trimethylamine (hydrochloride and picrate prepared), but contained 
small amounts of impurities, including traces of a base sparingly 
soluble in water (possibly dimethyl-9-fluorylamine). The resinous 
residue was extracted first with boiling water, from which a scarcely 
ponderable residue was obtained on evaporation, and then with 
hot 5° hydrochloric acid. The acid extract on basification (small 


* The tentative suggestion may be made that this is due to partial con- 


® 
version of the hydroxide into C,,H,>C:NMe,, the presumed precursor of 
C,H, >C:C-<C,,H,. 
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precipitate) and extraction with ether yielded a small amount 
(< 1%) of a solid amine, which was purified by distillation and 
identified as dimethy1-9-fluorylamine by comparison with a specimen 
prepared as described below (long needles, m. p. and mixed m. p, 
49—50°). The identification was further confirmed by treating 
both specimens of the tertiary amine with 2 : 4 : 6-trinitroanisole in 
benzene, thus converting them into fluoryl-9-trimethylammonium 
picrate. 

The resin remaining after the extractions with water and acid 
was dried in benzene solution and divided into three portions. 
One was used to show that 1% of added fluorene could be detected 
by sublimation, and thereafter for other exploratory experiments. 
The second was tested for fluorene by sublimation, with negative 
results, and was then treated with an equal volume of benzene and 
an excess of picric acid. The picrate which, together with excess of 
picric acid, separated from the boiled and cooled solution was 
separated from the viscous mother-liquor by draining on porous 
porcelain, and a portion was crystallised twice from benzene, from 
which red-brown needles separated, which were identified as bis-oo’- 
diphenylylene-ethylene picrate by direct comparison with an 
authentic specimen. The remainder of the crude picrate was digested 
with warm aqueous ammonia and the bis-oo’-diphenylylene-ethylene 
was collected and crystallised first from glacial acetic acid and then 
from chloroform-alcohol. It was identified by direct comparison 
(vermilion needles, m. p. and mixed m. p. 189—190°), by analysis 
(Found: C, 94-9; H, 49. Cale.: C, 95-1; H, 4-9%), and by con- 
version into its dibromide, which was prepared in chloroform solution, 
precipitated with ligroin, and crystallised from chloroform -ligroin 
(nearly colourless prisms, m. p. and mixed m. p. 236°, decomp.). 
The remainder of the resin was separated by crystallisation from 
acetic anhydride into an amorphous fraction, which was not further 
examined, a red crystalline fraction consisting largely of bisdipheny]- 
ylene-ethylene, which was isolated from it through the picrate, and 
a yellow crystalline fraction, m. p. 165—180°, consisting largely of 
9-fluoryl ether, coloured by the hydrocarbon and some other impurity 
(see later). Satisfactory purification of the ether could not be 
effected, and the crude product in benzene—acetic acid solution was 
therefore treated with hydrogen bromide at 40° for 16 hours in order 
to convert the ether into 9-bromofluorene. Water was added, and 
the benzene layer removed, washed with water, dried, and mixed 
with alcoholic trimethylamine. After being kept over-night, the 
mixture was evaporated to dryness, re-evaporated after addition of 
water, and extracted with warm water. The extract on treatment 
with saturated aqueous sodium picrate yielded fluoryl-9-trimethy]- 
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ammonium ‘picrate. The residue insoluble in water was semi- 
crystalline, and crystallisation from acetic acid gave a small amount 
of an unidentified orange substance, m. p. 280° (decomp.): The 
bisdiphenylylene-ethylene required for comparison was prepared 
by Graebe and Stindt’s method (Annalen, 1896, 291, 2). 

Dimethyl-9-fluorylamine was obtained by warming 9-bromo- 
fluorene with excess of 20° aqueous-alcoholic dimethylamine at 
70—80° for 3 hours, and pouring the product into water. The base, 
which was extremely soluble in anhydrous solvents, and tended to 
separate as an oil from aqueous alcohol, was most easily purified 
by distillation as stated above (Found: C, 86-0; H, 7-3. C,;H,,N 
requires C, 86-1; H, 7-2%). Its picrate crystallised from alcohol in 
leaflets, m. p: 203—204° (Found: ©, 57-5; H, 43. ©,,H,,0,N, 
requires C, 57-3; H, 41%). 

Fluoryl-9-triethylammonium Salts——Bromofluorene (6-1 g:), tri- 
ethylamine (6 c.c.), and alcohol (15 ¢.c.) were heated together under 
reflux on the steam-bath for 3 hours. The quaternary ammonium 
bromide was precipitated by addition of ether, redissolved in alcohol, 
and reprecipitated with ether. The picrate, prepared from the 
bromide and aqueous sodium picrate, crystallised from alcohol in 
plates, m. p. 166° (Found: C, 60-5; H, 5-2. C,;H,,0,N, requires 
C, 60-7; H, 53%). 

Decomposition of Fluoryl-9-triethylammonium Hydroxide.—The 
purple solution of the hydroxide was distilled as in the preceding 
case, with parallel results except that diethyl-9-fluorylamine was not 
obtained. Triethylamine picrate had m. p. 175° (Jerusalem, J., 
i909, 95, 1281, records 173°). Bis-oo’-diphenylylene-ethylene 
(Found : C, 94-7; H, 50%) had m. p. and mixed m. p. 189—190°, 
i. e., 194—195° corr. (Graebe and Maritz, Annalen, 1896, 290, 241, 
record 187—188° corr.). 


THe University, LEEDs. [Received, August 22nd, 1929.] 





CCCIX.—Substitution Products of 4-Nitro- and 
4-Acetamido-diphenyl Ether. 


By Harotp ARCHIBALD SCARBOROUGH. 


Tue relative directive influence of the phenoxyl group has been 
the subject of several investigations ; for instance, Lea and Robinson 
(J., 1926, 411) examined the nitration of 4-methoxydiphenyl ether 
and showed that the sole product was 3-nitro-4-methoxydiphenyl 
ether and from this result they deduced that the phenoxyl and 
p-methoxyphenoxyl groups in comparison with the methoxyl group 





2362 SCARBOROUGH : SUBSTITUTION PRODUCTS OF 


were of small directive power and suggested that this lessened 
directive power was due to the conjugation of the oxygen atom on 
both sides. 

Again, Groves, Turner, and Sharp (this vol., p. 512) examined the 
nitration of 2 : 4: 4’-trichloro-, 2 : 4 : 4’-trichloro-2'-nitro-, and 2 : 4- 
dichloro-2’ : 4'-dinitro-diphenyl ethers and found that in the first 
case the entering nitro-group occupied the 2’-position and in the 
other cases the 5-position. These authors conclude that their results 
are in agreement with the views put forward by Lea and Robinson 
(loc. cit.) if the phenoxyl group is assumed to be weakly directive 
and due consideration is paid to the complexity of the cases 
siudied. 

It has appeared from previous work on substitution in compounds 
containing two benzene nuclei that the amino-, acetamido-, hydroxy-, 
and methoxy-groups have so pronounced directive effects that the 
halogens and alkyl groups appear to be extremely weak directing 
groups. Further, in such systems it would seem that comparatively 
small differences in directive power may lead to the formation of a 
single compound and not a mixture of isomerides as might be 
expected. These considerations seem to require a more extensive 
investigation of the substitution products of diphenyl ether before 
the relative directive effects of the phenoxy] or substituted phenoxy] 
groups can be correctly assessed. 

The nitration of diphenyl ether under carefully regulated conditions 
was first undertaken, but the products were invariably mixtures of 
mono-, di-, and higher nitrodipheny] ethers. 

The halogenation of 4-nitrodiphenyl ether proceeded smoothly, 
the first substituent entering the 4’-position. Under very drastic 
conditions a second bromine atom could be introduced into the 
molecule in the 2’-position. The structures of the chloro- and bromo- 
compounds were established by synthesis from the potassium salt 
of the appropriately substituted phenol and p-chloronitrobenzene. 
The structure of the iodo-compound was determined by conversion 
into 4-bromo-4'-tododiphenyl ether and comparison with a sample of 
this substance prepared from 4-bromo-4’nitrodiphenyl ether. 

The direct substitution of 4-aminodiphenyl ether was attempted, 
but the product was invariably a highly coloured gum. 

Chlorination of 4-acetamidodipheny] ether in acetic acid solution 
yielded a dichloro-4-acetamidodipheny] ether (m. p. 134°), and the 
same product was obtained by the chlorination of 4-chloro-4'-acet- 
amidodiphenyl ether, thus establishing the position of one chlorine 
atom. 

In acetic acid solution the bromination of 4-acetamidodipheny! 
ether yielded 4-bromo-4'-acetamidodiphenyl ether ; since 4-bromo- 
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4'-nitrodipheny] ether yielded the same compound on reduction and 
acetylation, the structure of this compound was established. 

The introduction of a second bromine atom into the molecule of 
4-acetamido- or 4-bromo-4’-acetamidodiphenyl ether was accom- 
panied by considerable tarring, as was the case for the dichloro- 
compound, but a small quantity of a dibromo-4-acetamidodiphenyl 
ether (m. p. 145°) was isolated. The position of one bromine atom 
is fixed; that the second bromine atom is not in the 2-position in 
the same ring was proved by the reduction and acetylation of 2 : 4- 
dibromo-4'-nitrodiphenyl ether; the suggested structure is 3: 4’- 
dibromo-4-acetamidodipheny] ether. 

Iodination of 4-acetamidodipheny] ether was carried out in acetic 
acid solution with iodine monochloride. The structure of the 
product was determined by the reduction and acetylation of 4-i0do- 
4’-nitrodiphenyl ‘ether. 

The nitration of 4-acetamidodipheny] ether and of those halogen 
derivatives obtained by direct substitution was carried out in glacial 
acetic acid solution at 80°. In each case a single product was 
obtained, the nitro-group entering the 3-position. Attempts were 
made to reduce the nitroacetamido-compound to the diamine and 
condense the product with benzaldehyde or benzil, but the products 
were highly coloured and not definitely crystalline. The structure 
assigned was based on the following facts: The nitro-base obtained 
on deacetylation did not yield a salt with a mineral acid; 3-acet- 
amidodipheny] ether was obtained on deamidation, reduction, and 
acetylation; the same product was obtained by bromination of 
3-nitro-4-acetamidodiphenyl ether (1) as by nitration of 4-bromo-4’- 
acetamidodipheny] ether (II); and 3-nitro-4-aminodiphenyl ether on 
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ed, deamination and bromination yielded the same product as deacetyl- 
ation and deamination of 4’'-bromo-3-nitro-4-acetamidodiphenyl ether 

ion (III). The last observation proves conclusively that the nitro-group 





and the bromine atom are not in the same nucleus. Nitration of 
4-acetamidodiphenyl ether under other conditions was attempted, 
but no pure products could be isolated. 

The results obtained show that the presence of a nitro-group in 
one nucleus determines the entry of the second and the third sub- 
stituent into the other nucleus. This effect would seem to be 
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independent of the relative directive strengths of any other groups 
in the molecule. The substitution of 4-acetamidodiphenyl ether 
leads to conflicting results, since the halogens enter the 4’-position 
first, or, in the case of chlorine, the 3- and 4’-positions simultane. 
ously, whereas the nitro-group enters the 3-position first. Thus, 
considering the introduction of the halogens, the acetamido- and the 
acetamidophenoxy-group would appear to be comparable in directive 
effect, the latter being rather the stronger. The position taken up 
by the nitro-group when substitution is effected in glacial acetic 
acid solution leads to the conclusion that the acetamido- is more 
strongly directive than the phenoxy-group. But, as work in the 
dipheny] series (J., 1927, 91, 3002) and in the azobenzene series has 
shown, the position taken up by a nitro-group is very susceptible 
to experimental conditions and the use of a strong mineral acid as 
solvent leads to substitution in the nucleus opposite to that containing 
the acetamido- or methoxy-group. 


EXPERIMENTAL. 


4-Nitrodiphenyl ether was prepared by heating, at 170—180° for 
12 hours, a mixture of 2 parts of p-chloronitrobenzene and 1 part 
of sodium phenoxide in the presence of copper powder. The product 
was extracted in the manner described by Haussermann and Teich- 
mann (Ber., 1896, 29, 1446). 

4-Chloro-4’-nitrodiphenyl ether was obtained by (a) saturating a 
5% solution of 4-nitrodiphenyl ether in acetic acid with chlorine 
and keeping it for 48 hours; (6) condensing potassium p-chloro- 
phenoxide with p-chloronitrobenzene. It separated from methyl 
alcohol in needles, m. p. 76° (Found: Cl, 14:3. Calc. for 
C,,H,O,NC1: Cl, 14-:2%). 

4-Bromo-4’-nitrodiphenyl ether was prepared by (a) adding a 
slight excess of bromine to 4-nitrodipheny] ether in acetic acid solu- 
tion; (6) condensing p-chloronitrobenzene with potassium p-bromo- 
phenoxide. It separated from methyl alcohol in faintly yellow 
prisms, m. p. 61° (Found: C, 49-2; H, 2-8; Br, 27-1. Cale. for 
C,,H,O,NBr: C, 49-0; H, 2:7; Br, 27-2%). 

4-Iodo-4'-nitrodiphenyl Ether. —10 G. of 4-nitrodipheny] ether dis- 
solved in 100 c.c. of acetic acid were gently warmed with 15 g. of 
iodine monochloride. The product crystallised from methyl alcohol 
in faintly yellow plates, m. p. 71° (Found: I, 37-3. C,,H,O,NI 
requires I, 37-3°%). 

A stable iododichloride was precipitated, as yellow needles, when 
chlorine was led into an ice-cold solution of 4-iodo-4’-nitrodipheny] 
ether in carbon tetrachloride (Found: Cl, 16-95. C ie = 
requires Cl, 17-2%). 
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2 : 4-Dibromo-4'-nitrodiphenyl ether was obtained when (a) a 
solution of 4-nitro- or 4-bromo-4’-nitro-diphenyl] ether in dry bromine 
was kept for 24 hours; (6) potassium 2 : 4-dibromophenoxide was 
condensed with p-chloronitrobenzene at 210°. It separated from 
methyl alcohol in prisms, m. p. 81° (Found: C, 38-6; H, 2-05; 
Br, 42°85. C,.H,O,NBr, requires C, 38-6; H, 1:9; Br, 42-9%). 

4-Acetamidodiphenyl Ether —4-Nitrodiphenyl ether was reduced 
in alcoholic or ethereal hydrogen chloride solution with stannous 
chloride. The base was liberated from the tin double salt with 30°%, 
sodium hydroxide solution and extracted in the usual manner. The 
hydrochloride of the base separated from its solution in dilute hydro- 
chloric acid in long needles, m. p. 238° (Found: HCl, 16-35. 
U,2H,,ON,HCl requires HCl, 16-45%). The base was acetylated by 
refluxing it in acetic acid solution for 6 hours and the product 
separated from dilute methyl alcohol in heavy prisms, m. p. 127°. 

4-Chloro-4'-acetamidodiphenyl Ether.—4-Chloro-4’-nitrodipheny] 
ether was reduced in the usual manner. The base separated from 
methyl alcohol in prisms, m. p. 101°. The acetyl derivative crystal- 
lised from methyl alcohol in plates, m. p. 146° (Found: Cl, 13-6. 
C,4Hj20,NCl1 requires Cl, 13-6%). 

4’-Chloro-3-nitro-4-acetamidodiphenyl Ether.—The nitration of 
4-chloro-4’-acetamidodiphenyl ether was carried out in acetic acid 
solution at 80° with excess of nitric acid (d 1-5). A small yield of 
the same product was obtained when 3-nitro-4-acetamidodipheny] 
ether was chlorinated in cold acetic acid solution. It separated 
from methyl alcohol in long yellow needles, m. p. 98° (Found: N, 
9:25. C,,H,,0,N,Cl requires N, 9-15%). On hydrolysis with ethyl- 
alcoholic hydrochloric acid 4’-chloro-3-nitro-4-aminodiphenyl ether 
resulted. The base separated from methyl alcohol in bright red 
needles, m. p. 114° (Found: N, 10-7; Cl, 13-4. C,,H,O,N,Cl re- 
quires N, 10-6; Cl, 13-4%). The base on deamination yielded 
4’ .chloro-3-nitrodiphenyl ether, which crystallised from light petroleum 
(b. p. 60—80°) in yellow prisms, m. p. 60° (Found: Cl, 143. 
C,,H,O,NCl requires Cl, 14:2%). 

4-Bromo-4'-acetamidodiphenyl Ether —4-Acetamidodiphenyl ether 
was brominated in acetic acid solution in the presence of fused sodium 
acetate, or 4-bromo-4’-nitrodipheny] ether was reduced and the base 
acetylated. The acetyl derivative separated from methyl alcohol in 
needles, m. p. 161° (Found: Br, 25-95. C,,H,,0,NBr requires Br, 
26-1%). 

4’. Bromo-3-nitro-4-acetamidodiphenyl ether was obtained when (a) 
4-bromo-4’-acetamidodiphenyl ether was nitrated in acetic acid 
solution at 80° with excess of nitric acid (d 1-5); (6) 3-nitro-4- 
acetamidodiphenyl ether was brominated in acetic acid solution in 
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presence of fused sodium acetate. It crystallised from methyl 
alcohol in matted yellow needles, m. p. 107° (Found: N, 7-95. 
C,,H,,0,N,Br requires N, 7-95%). On hydrolysis with ethyl- 
alcoholic hydrochloric acid 4’-bromo-3-nitro-4-aminodiphenyl ether was 
precipitated. The base separated from methyl alcohol in scarlet 
prisms, m. p. 144° (Found: Br, 25-95. C,,H,O,N,Br requires Br, 
25-9%). ‘ 

4’. Bromo-3-nitrodiphenyl ether was obtained by the deamination 
of the base. - It crystallised from methyl alcohol in yellow prisms, 
m. p. 64° (Found: Br, 27-25. C,,H,0,NBr requires Br, 27-25%). 

4.Iodo-4'-acetamidodiphenyl ether was prepared by (a) iodination of 
4-acetamidodiphenyl ether with iodine monochloride in acetic acid 
solution in the presence of fused sodium acetate; (b) the reduction 
of 4-iodo-4’-nitrodipheny! ether in the usual manner and the acetyl- 
ation of the base. It separated from methyl alcohol in plates, 
m. p. 174° (Found : I, 35-95. C,,H,,0,NI requires I, 35-95%). On 
hydrolysis of the acetyl derivative with ethyl-alcoholic hydrochloric 
acid 4-iodo-4'-aminodiphenyl ether was liberated. It crystallised 
from methyl alcohol in prisms, m. p. 91° (Found: I, 40:8. 
C,.H, ,ONI requires I, 40-8%). 

4’. Iodo-3-nitro-4-acetamidodiphenyl ether was obtained when (a) 
4-iodo-4’-acetamidodipheny] ether was nitrated in glacial acetic acid 
solution at 80°; (b) in small yield when 3-nitro-4-acetamidodipheny] 
ether was iodinated with iodine monochloride in acetic acid solution. 
The product separated from methyl alcohol in yellow needles, m. p. 
123° (Found: I, 31-95. C,,H,,0,N,I requires I, 31-9%). On 
hydrolysis with ethyl-alcoholic hydrochloric acid 4’-iodo-3-nitro-4- 
aminodiphenyl ether was precipitated. The base crystallised from 
methyl alcohol in scarlet needles, m. p. 155° (Found: I, 35-6. 
C,,H,O,N,I requires I, 35-7%). 

3-Nitro-4-acetamidodiphenyl ether was obtained by the nitration of 
4-acetamidodipheny] ether in acetic acid solution at 80°. It separ- 
ated from methyl alcohol in deep yellow needles, m. p. 100° (Found : 
N, 10-45. C,,H,,0,N, requires N, 10-35%). On hydrolysis with 
ethyl-alcoholic hydrochloric acid 3-nitro-4-aminodiphenyl ether was 
precipitated as a black oil. The base crystallised from dilute methy! 
aleohol in bright red prisms, m. p. 82° (Found : N, 12-1. C,,H,,0;N, 
requires N, 12-2%). On deamination the base yielded an oil, b. p. 
205°/15 mm., which was reduced and acetylated in the usual manner. 
The product crystallised from dilute methyl alcohol in needles, m. p. 
83° (Found: N, 6-25. Calc. for C,,H,,0.N: N, 6:15%). This 
acetyl derivative thus corresponds to 3-acetamidodipheny] ether 
which was prepared by Ullmann (Anzalen, 1906, 350, 103) from 
m-chloronitrobenzene and potassium phenoxide in the presence of 
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copper powder and subsequent reduction and acetylation of the 
condensation product. 

2_:,4-Dibromo-4'-acetamidodiphenyl ether was obtained by the 
reduction of 2 ; 4-dibromo-4'-nitrodipheny] ether in the usual manner 
and subsequent acetylation of the base. It separated from dilute 
acetone or dilute acetic acid in needles, m. p. 158° (Found: Br, 
41-7. C,,H,,O,NBr, requires Br, 41-5%). 

2 : 4-Dibromo-3'-nitro-4’-acetamidodiphenyl ether was obtained 
when 2: 4-dibromo-4’-acetamidodiphenyl ether was nitrated in 
glacial acetic acid solution at 80°. It crystallised from methyl 
alcohol in long yellow needles, m. p. 141° (Found: C, 39-05; H, 
23. C,,H,.0,N,Br, requires C, 39-05; H, 2-3%). 

On hydrolysis with ethyl-alcoholic hydrochloric acid 2 : 4-dibromo- 
3'-nttro-4'-aminodiphenyl ether was precipitated. The base separ- 
ated from methyl alcohol in yellow prisms, m. p. 107° (Found : 
Br, 41-3. C,,H,O,N,Br, requires Br, 41-25%). 

2 : 4-Dibromo-3'-nitrodiphenyl ether was obtained by the deamin- 
ation of 2 : 4-dibromo-3'-nitro-4’-aminodiphenyl ether. It separated 
from dilute methyl] alcohol in thick orange needles, m. p. 72° (Found : 
Br, 42-8. C,H,O,NBr, requires Br, 42-9%). 

4-Jododiphenyl ether was obtained by the diazotisation of 4-amino- 
diphenyl ether in dilute hydrochloric acid solution and treatment 
with potassium iodide. The product, obtained in a crude state by 
distillation in steam, separated from dilute methyl alcohol in plates, 
m. p. 48° (Found: I, 42-9. C,,H,OI requires I, 42-9%). A stable 
dichloride separated in yellow needles when chlorine was passed into 
a 5% solution of 4-iododipheny] ether in carbon tetrachloride (Found: 
Cl, 19-0. C4 H,OCI,I requires Cl, 19-3%). 

4-Bromo-4'-iododiphenyl ether was prepared (a) by bromination of 
4-iododipheny] ether in acetic acid solution, and (6) by diazotisation 
of 4-bromo-4’-aminodiphenyl ether and treatment with potassium 
iodide. It separated from dilute methyl alcohol in plates, m. p. 72° 
(0:1426 g. gave 0-1611 g. of silver halides. Theory requires 0-1608 g.). 
4: 4'-Di-iododiphenyl ether was obtained when (a) diphenyl ether was 
treated with an excess of iodine monochloride in acetic acid solution, 
and (b) 4-iodo-4’-aminodiphenyl ether was diazotised and treated 
with potassium iodide. It separated from methyl alcohol in plates, 
m. p. 189° (Found: I, 60-1. C,,H,OI, requires I, 60-2%). 
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CCCX.—The Constitution of Santonin. Part I. The 
Synthesis of dl-Santonous Acid. 


By Groree Roger Ciemo, Rospert Downs Haworts, and 
Eric WALTON. 


i-SANTONIN is a valuable anthelmintic which occurs to the extent 
of 2—3}% in the flower heads of Artemisia maritima, a plant widely 
distributed throughout Europe and Asia and cultivated for medicinal 
purposes more particularly in Turkestan. 

Our present knowledge of the chemistry of santonin is almost 
entirely derived from the investigations of Cannizzaro and other 
Italian chemists, carried out towards the close of the nineteenth 
century, and as a result of their labours various constitutional 
formule have been suggested for santonin, of which structure (1), 
first proposed by Grassi-Cristaldi and Gucci (Gazzetta, 1892, 22, i, 1), 
is that generally accepted at the present day (see also Cannizzaro 
and Gucci, ibid., 1893, 23, i, 286; Andreocci, Ber., 1893, 26, 1375). 


No AS 


/\ Gr-CHeS 0 =O bees GB-CHMe 9 


Gite H, (I.) ss” Sie C (II.) 


On the other hand, an alternative formula (II) ea been proposed 
for santonin by Angeli and Marino (Rend. Accad. Lincei, 1907, 16, 
i, 159; Mem. Accad. Lincei, 1908, 6, 385) to account for the pro- 
duction of a heptanetetracarboxylic acid, C,H,.(CO,H),:C(CO,H),, 
apparently containing a quaternary carbon atom, when santonin 
is oxidised with alkaline potassium permanganate. However, the 
catalytic reduction of santonin to a tetrahydro-derivative (Wienhaus 
and Oettingen, Annalen, 1913, 397, 219; Asahina, Ber., 1913, 46, 
1775) suggests the presence’ of at least two ethylenic linkages, and 
structure (II) fails in this respect. Still other constitutional 
formule have been suggested by Francesconi (Gazzetta, 1899, 29, 
ii, 182), Francesconi and Cusmano (ibid., 1908, 38, ii, 109), and 
Bargellini (Rend. Accad. Lincei, 1907, 16, ii, 264). 

Criticisms of a general nature may, however, be made against all 
these structural formule and there is apparently no proof of the 
position of the «-propionic acid side chain in the reduced nucleus. In 
several phenolic derivatives of santonin, such as desmotroposantonin 
(IV), the relative para-positions of the two methyl groups in the 
phenolic ring have been determined, but it is now suggested that 
the migration of a methyl group occurs during the conversion of 
santonin into such phenolic derivatives, and that santonin itself has 
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the structure (III). This formula (III) conforms better than any 
hitherto advocated, both with the chemical properties of santonin 
and with modern views regarding structural units. Although there 
is no direct evidence, as yet, that natural terpenes result from the 
polymerisation of isoprene, it is nevertheless an invariable principle 
that all terpenes of established constitution can be formulated on 
the principle of head to tail union of isoprene units. None of the 
hitherto proposed formule for santonin can be constructed on this 


CMe CH, Me CH, 
09/7 So7 \GH-CHMe, wes Ho? \~ CH-CHMe 
HC Ca —9-~ — 
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principle, but structure (III) arises from the farnesene skeleton, by 
ring closure at either the 2: 7- and 1: 10- or the 3: 8- and 1: 10- 
positions, and places santonin in the selinene group of sesquiterpenes 
(compare Ann. Reports, 1923, 20, 100; 1927, 24, 122). Moreover, 
since all attempts to prepare a piperonylidene derivative of santonin 
were unsuccessful, the -CH,*CO- group indicated in structure (I) is 
apparently non-existent. In addition, the formula (III) possesses 
both a quaternary carbon atom, as necessitated by the work of Angeli 
and Marino (loc. cit.), and two ethylenic linkages, in accordance with 
that of Wienhaus and Oettingen (loc. cit.) and Asahina (loc. cit.). On 
general theoretical grounds, structure (I) should be an unstable form 
of the stable phenolic isomeride (IV); but santonin exhibits ketonic 
properties and it is only after prolonged treatment with concen- 
trated hydrochloric acid that it yields the isomeric phenolic desmo- ° 
troposantonin to which formula (IV) has been ascribed. The sug- 
gested structure (III) readily explains the stability of the ketone, 
santonin, and its conversion into desmotroposantonin (IV) involves 
the migration of the methyl group connected to the quaternary 
carbon atom (a), together with the wandering of a nuclear hydrogen 
atom. Several such migrations are known, e.g., the conversion of 
1 ; 5-dimethylchinol (V) into 2 : 5-dimethylquinol (VI) by the action 
of hydrochloric acid (Bamberger and Brady, Ber., 1901, 33, 3642). 
The isomeric change suggested above involves the destruction of 
the asymmetry of the carbon atom (a), and it is perhaps significant 
that all the dextrorotatory derivatives of /-santonin are phenolic. 
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As hitherto all the evidence pertaining to the structure of santonin 
has accrued from degradation experiments, it was considered highly 
desirable to attempt the synthetical verification of the views here 
advanced of the structure of this compound and its simple deriv- 
atives. One such derivative, obtained with ease by the reduction 
of J-santonin, is dl-santonous acid (VII, R = Me) (Cannizzaro and 
Carnelutti, Gazzetta, 1882, 12, 393), and this communication describes 
investigations culminating in the synthesis of this acid. 

The preparation of §-4-methoxy-2 : 5-dimethylphenylpropio- 
nitrile and its ultimate conversion into §-4-methowy-2 : 5-dimethyl- 
phenylethyl bromide (VIII) were first considered. Preliminary 
experiments showed that anisole, 8-cyanoethyl toluene-p-sulphonate 
and aluminium chloride do not react normally (compare the pre- 
paration of §-phenylpropionitrile; Clemo and Walton, J., 192s, 
723) and similar experiments with p-xylyl methy] ether were there- 
fore abandoned. Moreover, p-xylene, $-cyanoethyl toluene-p- 
sulphonate and aluminium chloride were found to react to give 
8-2 : 4-dimethylphenylpropionitrile; this on hydrolysis afforded 
6-2 : 4-dimethylphenylpropionic acid,. which was also produced by 
a similar process from m-xylene. The peculiat migration of a 
methyl group involved has already been noticed by Francesconi 
and Mundici (Gazzetta, 1902, 32, ii, 467; 1904, 34, ii, 114), who 
prepared 2: 4-dimethylbenzaldehyde from both m- and p-xylene 
and showed that p-xylene is partly converted into m-xylene by 
aluminium chloride. 

It was then proposed to obtain §-4-methoxy-2 : 5-dimethy]l- 
phenylethyl chloride by condensing f6-chloroethyl toluene-p- 
sulphonate with magnesium 4-methoxy-2 : 5-dimethylpheny] 
bromide (compare Gilman and Beaber, J. Amer. Chem. Soc., 1923, 
45, 839; 1925, 47, 518), but all attempts to prepare the latter from 
4-methoxy-2 : 5-dimethylphenyl bromide were unsuccessful. 

The synthesis of the bromide (VIII) was finally achieved in the 
following manner. Methylation of 4-hydroxy-2 : 5-dimethylbenz- 
aldehyde (Gattermann, Annalen, 1907, 357, 321) gave 4-methoxy- 
2 : 5-dimethylbenzaldehyde, which was condensed with malonic acid. 
The 4-methoxy-2 : 5-dimethylcinnamic acid (TX) obtained was reduced 


Me M 


€ Me 
MeO, Me Me 
JH,*CH,Br H:CH-CO,H H,°CH,’NH, 
Me M Me 


e 
(VIII.) (IX.) (X.) 

to @-4-methoxy-2 : 5-dimethylphenylpropionic acid, and the latter 

converted into 8-4-methoxry-2 : 5-dimethylphenylpropionyl chloride. 
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This chloride, with @Quminium chloride, afforded 6-methoay-4 : 7-di- 
methyl-«-hydrindone, proving the propionic acid side chain to be 
in the p- and not the o-position with respect to the methoxy-group. 
8-4-Methoxy-2 : 5-dimethylphenylpropionyl] chloride, with ammonia, 
yielded £-4-methoxy-2 : 5-dimethylphenylpropionamide. The con- 
version of this amide into §-4-methoxy-2 : 5-dimethylphenyl- 
ethylamine (X) presented difficulties owing to the low yields at first 
obtained. The use of sodium hypobromite for this purpose resulted 
in a 90% yield of 8-3-bromo-4-methoxy-2 : 5-dimethylphenylpropion- 
amide, and treatment of the amide with sodium hypochlorite and 
methyl alcohol produced methyl 8-4-methoxy-2 : 5-dimethylphenyl- 
ethylcarbamate (XI), which after hydrolysis gave the amine (X). 
Eventually the best yields were obtained by carrying out the 
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228, Hofmann reaction on a small scale with aqueous sodium hypo- 
ere. | chlorite. The amine (X), with nitrous acid, yielded 6-4-methoxy- 
e-. 2: 5-dimethylphenylethyl alcohol, which was converted into the 
rive J bromide (VIII) by means of 45% hydrobromic acid. With phos. * 
ded phorus pentabromide, the phenylethyl alcohol derivative gave 
by chiefly {-3-bromo-4-methoay-2 : 5-dimethylphenylethyl bromide, the 
aw nuclear bromination being proved by conversion of the latter by 
oni way of the corresponding nitrile and acid into 8-3-bromo-4-methoxy- 
sho 2 : 5-dimethylphenylpropionamide, already obtained as above from 
ne the amide, is conversion also confirms the existence of the 
by primary alcoholic group in $-4-methoxy-2 : 5-dimethylphenylethyl 
alcohol. 
yl. Me Me 
1 Me Me 
CH,°CH,°N CH,CH, a, 
mh Me me Me Me ica pit), Me H,°CO,H 
(XI.) (XII.) (XIII.) 








The condensation of 6-4-methoxy-2 : 5-dimethylphenylethyl 
bromide (VIII) with ethyl sodiopropane-««8-tricarboxylate (Bischoff, 
Annalen, 1882, 214, 53) afforded, not the expected ethyl ¢-4- 
methoxy-2 : 5-dimethylphenylpentane-fyy-tricarboxylate, but a 
comparatively low-boiling oil together with a smaller high-boiling 
fraction, which on hydrolysis yielded a non-purifiable tarry acid. 
Since a crystalline bromine addition compound was prepared from 
the low-boiling fraction, it is probable that the latter consists of 
4-methoxy-2 : 5-dimethylstyrene, produced by the elimination of 
hydrogen bromide from the bromide (VIII) (compare Dox, J. Amer. 
Chem. Soc., 1924, 46, 2844). On the other hand, {-4-methoxy- 
2: 5-dimethylphenylethyl bromide with ethyl sodicmalcnate 
afforded ethyl §-4-methoxy-2 : 5-dimethylphenylethyimalonate 
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(XII) in 40% yield, but attempts to prepare ethyl ¢-4-methoxy. 
2 : 5-dimethylphenylpentane-fSyy-tricarboxylate from the  sodio- 
derivative of the substituted malonic ester (XII) and ethyl «-bromo- 
propionate were again unsuccessful. On hydrolysis, the ester (XII) 
yielded §-4-methoxy-2 : 5-dimethylphenylethylmalonic acid, which, 
on heating, lost carbon dioxide to give y-4-methowy-2 : 5-dimethy/- 
phenylbutyric acid. For subsequent work, however, this pheny]- 
butyric acid derivative was prepared by condensing p-xylyl methyl 
ether with succinic anhydride in the presence of aluminium chloride 
and reducing the 6-4-methoxy-2 : 5-dimethylbenzoylpropionic acid 
(XII{) obtained with zine and concentrated hydrochloric acid 
(compare Burcker, Ann. Chim., 1882, 26, 435; Krollpfeiffer and 
Schafer, Ber., 1923, 56, 620). 

y-4-Methoxy-2 : 5-dimethylphenylbutyric acid, with concentrated 
sulphuric acid, yielded 1-keto-7-methoxy-5 : 8-dimethyl-1 : 2:3 : 4- 
 tetrahydronaphthalene (XIV), and this reacted readily with two 
molecules of bromine, giving 2 : 6-dibromo-1-keto-7-methoxy-5 : 8-di- 
methyl-1 : 2:3: 4-tetrahydronaphthalene. Attempts to condense 
ethyl sodiomalonate with the latter afforded tarry products, together 
with some ethyl ethanetetracarboxylate, indicating the replacement 
of the alicyclic bromine by hydrogen. Attention was then turned 
to 2-isonitroso-1-keto-7-methoxy-5 : 8-dimethyl-1 : 2 : 3 : 4-tetrahydro- 
naphthalene prepared from the ketotetrahydronaj?thalene deriv- 
ative and amy] nitrite (compare Straus and Ekhard, Annalen, 1922, 
444, 146), but attempted reductions of the isonitroso-derivative 
resulted in the formation of tarry products, from which neither 
2-amino-1-keto-7-methoxy -5 : 8-dimethyl-1 : 2 : 3 : 4-tetrahydro- 
naphthalene nor 2-amino-7-methoxy-5 : 8-dimethyl-1 : 2 : 3 : 4-tetra- 
hydronaphthalene could be isolated. 

Ultimately ethyl «-chloro (or bromo)-8-4-methoxy-2 : 5-dimethyl- 
benzoylpropionate (XV) was found to be a suitable intermediate in 
the synthesis of d/-santonous acid (VII; R = Me). This ester (XV) 
was prepared by condensing p-xylyl -methyl ether with maleic 
anhydride in the presence of aluminium chloride (compare von 
Pechmann, Ber., 1882, 15, 885) and treating the $-4-methoxy- 
2 : 5-dimethylbenzoylacrylic acid obtained with ethyl-alcoholic hydro- 
gen chloride (or bromide) (see p. 2382) (compare Bougault, Ann. 
Chim., 1908, 15, 491). The structure of the benzoylacrylic acid 
derivative was confirmed by its oxidation with alkaline potassium 
permanganate to 4-methoay-2 : 5-dimethylbenzoic acid, which was also 
obtained by the oxidation of 4-methoxy-2 : 5-dimethylbenzaldehyde. 
The ester (XV), with ethyl sodiomalonate, afforded a 90% yield of 
ethyl y-4-methoxy-2 : 5-dimethylbenzoylpropane-««$-tricarboxylate 
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(XVI; R = H) asa syrup, and this, on hydrolysis and loss of carbon 
dioxide, gave a mixture of y-4-methoxy-2 : 5-dimethylbenzoylpropane- 
«3-dicarboxylic acid (XVII; R =H), its anhydride, and a small 
amount of 4-methoxy-2 : 5-dimethylacetophenone. The last is probably 
produced from a small amount of unchanged ester (XV) by 
hydrolysis and simultaneous elimination of hydrogen chloride, with 
the formation of {§-4-methoxy-2 : 5-dimethylbenzoylacrylic acid, 
which is then split at the ethylenic linkage by the further action of 
alkali with production of glyoxylic acid and the substituted aceto- 
phenone (compare von Pechmann, loc. cit.). The structure of this 
compound was confirmed. by synthesis from p-xylyl methy! ether, 
acetyl chloride, and aluminium chloride. 


Me Me 


Me CO eo Meo’) OR(CO,Et), 
Me CH, 0-CH, CO-CH,-CH-CO,Et 


H, Me (H-CO,Et Me 
Me CH, Cl (or Br) (XVI) 
(XIV.) (XV.) 


Both the succinic acid derivative (XVII; R =H) and the 
crude tricarboxylic acid, from which it was obtained by loss of 
carbon dioxide, with amalgamated zinc and concentrated hydro- 
chloric acid, yielded {§-4-methoxy-2 : 5-dimethylphenylethylsuccinic 
acid, and this, with concentrated sulphuric acid, gave 1-keto- 
7-methoxy-5 : 8-dimethyl-1 : 2 : 3 : 4-tetrahydronaphthyl-2-acetic acid 
(XVIII; R =H). On reduction with amalgamated zinc and con- 
centrated hydrochloric acid, (XVIII) yielded 7-methoxy-5 : 8-di- 
methyl-1 : 2: 3 : 4-ictrahydronaphthyl-2-acetic acid, and demethyl- 
ation of the latter with hydriodic acid gave 7-hydroxy-5 : 8-dimethyj- 
1:2:3: 4-tetrahydronaphthyl-2-acetic acid (VII; R = H), for which 
the name norsantonous acid is proposed. 

In the analogous synthesis of di-santonous acid (VII; R = Me) 
the sodio-derivative of pure ethyl methylmalonate—prepared from 
ethyl «-cyanopropionate and ethyl-alcoholic hydrogen chloride 
(compare Meyer and Jacobsen, ‘‘ Lehrbuch der Organischen Chemie,” 
B. 1, T. ii, s. 328)—and ethyl «-chloro-8-4-methoxy-2 : 5-dimethyl- 
benzoylpropionate (XV) yielded ethyl 8-4-methoaxy-2 : 5-dimethyl- 
benzoylbutane-BPy-tricarboxylate (XVI; R= Me), which, unlike 
the syrupy ester (XVI; R = H), is a highly crystalline compound. 
Hydrolysis of this butane ester (XVI; R = Me) afforded an acid, 
which lost carbon dioxide spontaneously to give 3-4-methoxry- _ 
2 : 5-dimethylbenzoylbutane-By-dicarboxylic acid (XVII; R= Me), 
probably as a mixture of the two racemic forms. The presence 

4L2 
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of two asymmetric carbon atoms in this compound probably 
accounts for the isolation at this and the succeeding stages of lower 
yields of pure substances than in the corresponding synthesis 


Me 
MeO R-CH:CO,H s ‘CO.H 
CO-CH,°CH’CO,H 
Me (XVII.) 


MeO 


Me 


of dl-norsantonous acid. 4-Methoxy-2 : 5-dimethylacetophenone 
again appeared during the preparation of the butane acid (XVII; 
R = Me) and was no doubt formed as previously suggested. Re- 
duction of the mixture of the two forms of (XVII; R = Me) with 
amalgamated zinc and concentrated hydrochloric acid yielded the 
two inactive forms of «a-[8-4-methoxy-2 : 5-dimethylphenylethyl|- 
a’-methylsuccinic acid, both of which, with concentrated sulphuric 
acid, gave the lactone (XIX) of «-1-keto-7-methoxy-5 : 8-dimethyl- 
1;:2:3: 4-tetrahydronaphthyl-2-propionic acid. The free acid from 
the lactone, with amalgamated zinc and concentrated hydrochloric 
acid, afforded dl-santonous acid methyl ether, which, on demethy]- 
ation with hydriodic acid, yielded dl-santonous acid (VII; R = Me), 
m. p. 150—152°, which was identical with a specimen prepared 
from santonin (Cannizzaro and Carnelutti, Gazzetta, 1882, 12, 393). 
Further, the identity of their respective ethyl esters, m. p. 125°, 
establishes the synthesis of dl-santonous acid beyond all doubt. 
This synthesis of di-santonous acid conclusively proves the 
correctness of formula (VII), provided that hydrogen chloride adds 
to 6-4-methoxy-2 : 5-dimethylbenzoylacrylic acid to give the «-chloro- 
ester (XV), and not the unlikely $-isomeride (compare Bougault, 
loc. cit.). The latter, with sodiomalonic or sodiomethylmalonic 
ester, would give esters having the constitution (XX; R =H or 
Me respectively). Attempts to settle this question by the form- 
ation and identification of a dimethylsuccinic acid by the alkaline 
fusion of ethyl 4-methoxy-2 : 5-dimethylbenzoylbutanetricarb- 
oxylate, and also by preparing a piperonylidene derivative of the 
latter, have as yet been unsuccessful. The production of one 
lactone from the two forms of the reduced dicarboxylic acid is, 
however, almost conclusive evidence against formula (XX), which 
would be very unlikely to give the lactone (X XI). Further, the 
latter structure contains two asymmetric carbon atoms, and hence, 
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if any lactone were formed, it would be expected to exist in two 
inactive forms. 






Me Me 
Me( R-C(CO,Et), MeO CCH ‘a 
O-CH-CH,-CO,Et Cy CHMe 
Me (XX.) Me CH, (XXI) 





The isolation of a pure lactone in good yield is only consistent 
with structure {XVI) for the ethyl 4-methoxy-2 : 5-dimethyl- 
benzoylbutanetricarboxylate, and hence furnishes almost certain 
proof of the correctness of structure (VII) for di-santonous acid and 
therefore of the position of the «-propionic acid side chain in 
santonin itself. 

EXPERIMENTAL. 

p-Xylene-—The preparation of p-xylene from p-xylidine has 
apparently hitherto not been described. p-Xylidine (100 g.) in 
concentrated hydrochloric acid (300 c.c.) and water (2000 c.c.) 
was treated at —5° with sodium nitrite (75 g.) and stirred for 
45 minutes. The resulting clear solution was poured into ice-cold 
10% sodium hydroxide solution (1500 c.c.), and the mixture added 
to a solution of stannous chloride (300 g.) and sodium hydroxide 
(120 g.) in water (3000 c.c.) also at 0°. Steam-distillation of the 
product yielded p-xylene (58 g.), b. p. 138°/760 mm., m. p. 13°. 

8-2 : 4-Dimethylphenylpropionitrile—m-Xylene (80 c.c.), B-cyano- 
ethyl toluene-p-sulphonate (11-2 g.), and powdered aluminium 
chloride (10 g.) were refluxed for 2 hours. The product was decom- 
posed with dilute hydrochloric acid (500 c.c.), and the oily layer 
dried and fractionated, the nitrile (4:1 g.) being obtained as a 
colourless oil, b. p. 264—267°/760 mm., with an odour resembling 
that of nasturtiums (Found: C, 83-3; H, 8-5. C,,H,,N requires 
C, 83-0; H, 82%). 

8-2 : 4-Dimethylphenylpropionic Acid.—The nitrile (1 g.) was 
refluxed with 10% methyl-alcoholic potassium hydroxide (10 c.c.) 
for 2 hours. The alcohol was removed, water (25 c.c.) added, and 
impurities extracted with ether. The alkaline layer was acidified, 
and the 8-2 : 4-dimethylphenylpropionic acid collected; it crystal- 
lised from alcohol in colourless rhombic plates, m. p. 106° (Fran- 
cesconi and Mundici, loc. cit.). 

A similar experiment with p-xylene gave an oil, b. p. 264—267°/ 
760 mm. (yield, 52%), which, on hydrolysis, also yielded 8-2 : 4-di- 
methylphenylpropionic acid. 

p-Xylenol.—Sodium nitrite (75 g.) was added during 40 minutes 
to a well-stirred mixture of p-xylidine (121 g.), crushed ice (2000— 
2500 g.), and concentrated hydrochloric acid (300 ¢.c.) at —8°. 
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After a further 20 minutes’ stirring, the diazo-solution was poured 
into a boiling 50% sulphuric acid solution (100 c¢.c.) containing 
copper sulphate crystals (20 g.), care being taken to avoid excessive 
frothing. The mixture was steam-distilled, and the crude p-xylenol 
(85 g.) collected and purified by distillation; it then had b. p. 
212°/760 mm. and m. p. 74° (Noelting, Witt, and Forel, loc. cit.). 
A further quantity (5 g.) was obtained from the mother-liquor of 
the steam distillation by extraction with benzene. 

p-Xylyl Methyl Ether—This compound was prepared from 
p-xylenol and methyl sulphate as a colourless oil, b. p. 186— 
188°/760 mm. (Jacobsen, loc. cit.). 

4- Methoxy - 2 : 5 - dimethylacetophenone.— Powdered aluminium 
chloride (0-5 g.) was dusted into a mixture of p-xylyl methyl ether 
(0-7 g.) and acetyl chloride (0-4 g.) in light petroleum (b. p. 60—80°) 
(3 c.c.). When the reaction was complete, dilute hydrochloric acid 
(10 c.c.) was added and the crystalline solid was extracted with 
ether and dried. Removal of the solvent yielded 4-methoxy- 
2 : 5-dimethylacetophenone as an oil, which crystallised from light 
petroleum (b. p. 60—80°) in large plates, m. p. 78—79° (Found: 
C, 74:5; H, 8-1. ©C,,H,,0, requires C, 74-2; H, 7-9%). 

4-Hydroxy-2 : 5-dimethylbenzaldehyde and 6-Hydroxy-2 : 5-di- 
methylbenzaldehyde.—p-Xylenol (100 g.), aluminium chloride (150 g.), 
and liquid hydrogen cyanide (120 c.c.) in dry benzene (400 c.c.) 
were allowed to react and the product was decomposed as described 
by Gattermann (loc. cit.) and distilled in steam. The volatile 
products were extracted with ether, dried, and fractionated and 
6-hydroxy-2 : 5-dimethylbenzaldehyde (5 g.), m. p. 62° (Anselmino, 
Ber., 1902, 35, 4108), was isolated. The non-volatile residue from 
the steam-distillation was cooled, and the solid collected and: 
extracted with hot benzene (A), from which 4-hydroxy-2 : 5-di- 
methylbenzaldehyde separated in colourless needles (85 g.), m. p. 
132—133° (Gattermann, loc. cit.). 

Di-(4-hydroxy-2 : 5-dimethylphenyl)acetonitrile, 

(OH-C,H,Me,),CH-CN 

(compare Bell and Henry, J., 1928, 2215), remained insoluble in 
the hot benzene (A) in the previous experiment. It crystallised 
slowly from alcohol in yellowish tablets, m. p. 250° (Found: (, 
76-9; H, 6-4; N, 5-2. C,,H,,O.N requires C, 76-8; H, 6-8; N, 
50%). Onmethylation with methyl sulphate and sodium hydroxide, 
it yielded a non-phenolic compound, which crystallised from light 
petroleum (b. p. 80—100°) in slender white prisms, m. p. 190°. 

4-Hydroxy-2 :5-dimethylcinnamic Acid.—4-Hydroxy-2 : 5-di- 
methylbenzaldehyde (1-5 g.), malonic acid (2-5 g.), pyridine (5 c.c.), 
and piperidine (1 drop) were heated at 100° for 2 hours, the product 
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was poured into excess of dilute hydrochloric acid, and the pre- 
cipitated acid collected. It crystallised from dilute alcohol in 
yellowish prisms, m. p. 223—225°. Gattermann (loc. cit.) gives 
m. p. 171° (see, however, acetyl derivative below) (Found : C, 69-0; 
PH, 6-3. C,,H,,0, requires C, 68-7; H, 6-3%). The acetyl deriv- 
ative formed prisms, m. p. 168—169°, from dilute acetic acid 
(Found: C, 66-6; H, 6-2. C,,H,,0, requires C, 66-7; H, 6-0%). 

4-Methoxy-2 : 5-dimethylbenzaldehyde—Methyl sulphate (190 g.) 
and 25% methyl-alcoholic potassium hydroxide (300 g.) were 
gradually added to a hot solution of 4-hydroxy-2 : 5-dimethyl- 
benzaldehyde (100 g.) in 10% methyl-alcoholic potassium hydroxide 
(350 c.c.) and, after a further 30 minutes’ heating, the alcohol was 
removed and the residue diluted with water and extracted with 
ether. The extract was dried and fractionated; 4-methoxy- 
2 : 5-dimethylbenzaldehyde (90 g.), b. p. 147—149°/12 mm., was 
obtained and rapidly solidified to a practically colourless, crystalline 
mass, m. p. 34° (Found: C, 72:9; H, 7-2. C, 9H,,0, requires C, 
73-2; H, 7-3%). 

4-Methoxy-2 : 5-dimethylbenzoic acid, obtained by oxidising 
4-methoxy-2 : 5-dimethylbenzaldehyde with potassium permangan- 
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5-di- J ate in boiling acetone solution, crystallised from 50% acetic acid 
Og.) in colourless plates, m. p. 163—165° (Found: C, 66-4; H, 7-0. 
c.c.) fF CygH,.0, requires C, 66-6; H, 6-7%). 





4-Methoxy-2 : 5-dimethyleinnamic Acid (LX).—Malonic acid (50 g.), 
4-methoxy-2 : 5-dimethylbenzaldehyde (33 g.), pyridine (100 c.c.), 
and piperidine (1-5 c.c.) were heated on a water-bath for 4—5 hours, 
then boiled for $ hour and poured into excess of dilute hydrochloric 
acid (1000 c.c.). The precipitated 4-methoxy-2 : 5-dimethyleinnamic 
acid was collected when cold, dried (38 g.), and was pure enough 
for subsequent reactions. The acid (IX) is insoluble in water and 
crystallises from benzene in colourless slender prisms, m. p. 200— 
202° (Found: C, 69-8; H, 6-9. C,.H,,0, requires C, 69-9; H, 
68%). 

Ko ethoxy-2 : 5-dimethylphenylpropionic Acid.—4% Sodium 
amalgam (1000 g.) was gradually added to a warm stirred solution 
of 4-methoxy-2 : 5-dimethyleinnamic acid (60 g.) in 5% aqueous 
sodium hydroxide (300 c.c.), and the temperature allowed to rise 
slowly from 60° to 90° while excessive alkalinity was prevented by 
frequent additions of hydrochloric acid. After 3 hours, the solution 
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ght — was cooled, filtered, and acidified with concentrated hydrochloric 
a acid and the precipitated acid was collected and washed with cold 
di- § water; it crystallised from boiling water in plates (52 g.), m. p. 
c.), § 120—121° (Found: C, 69-5; H, 7-7. C,,H,,0, requires C, 69-2; 





H, 7:7%). 
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B-4-Methoxy-2 : 5-dimethylphenylpropionyl Chloride —A mixture 
of the preceding acid (5 g.), thionyl chloride (4 g.), and chloroform 
(15 ¢.c.) was kept for 12 hours, and the product fractionated, the 
acid chloride being obtained as a colourless oil, b. p. 171°/12 mm., 
which quickly solidified to give silky crystals, m. p. 34°. These 
decomposed on exposure to the atmosphere. 

6-Methoxy-4 : 7-dimethyl-«-hydrindone-—A mixture of 6-4-meth- 
oxy-2 : 5-dimethylphenylpropionyl chloride (1 g.), light petroleum 
(b. p. 80—100°) (5 c.c.), and aluminium chloride (1 g.) was heated 
on the water-bath for 1 hour, and dilute hydrochloric acid added. 
The hydrindone, after being washed with hot sodium hydroxide 
solution, ‘crystallised from light petroleum (b. p. 100—120°) in 
jagged prisms, m. p. 162—164° (Found : C, 75-7; H, 7-2. C,.H,,0, 
requires C, 75-8; H, 7-4%). 

8-4-Methoxy-2 : 5-dimethylphenylpropionanilide, obtained by 
warming a mixture of aniline (0-5 g.) and the acid chloride (1 g.) on 
the water-bath for 2 minutes, crystallised from dilute alcohol in 
colourless prisms, m. p. 134—135° (Found: C, 76-7; H, 7-4. 
C,,H,,0,N requires C, 76-3; H, 7-4%). 

8-4-Methoxy-2 : 5-dimethylphenylpropionamide.—Thionyl chloride 
(40 g.) was added with cooling to a solution of 8-4-methoxy-2 : 5-di- 
methylphenylpropionie acid (50 g.) in chloroform (150 ¢.c.). After 
12 hours, the resulting brown solution was poured into concentrate: 
aqueous ammonia (600 ¢.c.), the chloroform removed by distillation, 
and the residual amide collected after cooling. A further quantity 
was obtained by extracting the filtrate with benzene. The amide 
was recrystallised from benzene, colourless prisms (36 g.), m. p. 
127—128°, being obtained (Found: C, 69-4; H, 7-9. C,,H,,0,N 
requires C, 69-5; H, 8-2%). 

8-3-Bromo-4-methoxy-2 : 5-dimethylphenylpropionamide was ob- 
tained by warming a mixture of the preceding amide (3 g.) and 
sodium hypobromite (2-7 g. of bromine in 55 c.c. of 10% sodium 
hydroxide solution). It separated as-.an oil, which solidified on 
cooling and then crystallised from benzene in colourless jagge: 
prisms, m. p. 152° (Found: C, 50-1; H, 5-8. CyH,,O0,NBr 
requires C, 50-3; H, 5-6%) (compare p. 2380). 

8-4-Methoxry-2 : 5-dimethylphenylethylamine (X).—(a) A solution 
of sodium hypochlorite, prepared by passing chlorine (4:2 g.) into 
10% aqueous sodium hydroxide (120 c.c.) at 0°, was added with 
vigorous shaking to finely powdered $-4-methoxy-2 : 5-dimethy!- 
phenylpropionamide (10 g.), the temperature being slowly raised to 
60°. At this point, the temperature rose spontaneously and a clear 
solution was obtained, from which §-4-methoxy-2 : 5-dimethy!- 
phenylethylamine separated as an oil. The mixture was warmed 
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at 80-—85° for 14 hours, solid sodium hydroxide (30 g.) added, and 
the heating at 80—85° continued for a further } hour. The amine 
was extracted with ether, dried over powdered potassium hydroxide, 
and fractionated under reduced pressure (yield, 5-5 g.). 

(6) 8-4-Methoxy-2 : 5-dimethylphenylpropionamide (2-5 — g.), 
sodium hypochlorite solution [prepared by passing chlorine (1-5 g.) 
into 10% aqueous sodium hydroxide (30 c.c.)], and methyl alcohol 












meth. 
oleun, § (35 ¢.c.) were refluxed for 3 hours. After the alcohol had been 
1eated | removed, the mixture was poured into water (200 c.c.) and extracted 
ded, § with ether. The solvent was removed and, after the oily residue (A) 
‘Oxide | had been refluxed with 10% methyl-alcoholic potassium hydroxide 
)°) in | (8 ¢.c.), the product was poured into water, extracted with benzene, 
1,0, and dried, and the amine precipitated as hydrochloride (1:3 g.) by 
' &f saturating the solution with dry hydrogen chloride. 

by 8-4-Methoxy-2 : 5-dimethylphenylethylamine, b. p. 120—122°/ 

.) on § 0:25 mm., is a colourless oil with strongly basic properties. On 





exposure to air it quickly absorbs carbon dioxide to form a solid 
white carbonate, and with hydrochloric acid it yields a hydrochloride 
which crystallises from very dilute hydrochloric acid in leaflets, 
m. p. 212—215° (decomp.). The acetyl derivative crystallises from 








ride 

5-di- hot water in prisms, m. p. 147—148° (Found: C, 70-8; H, 8-4. 
fter C,3H,,0.N requires C, 70-6; H, 8-6%). 

uted Methyl 8-4-Methoxy-2 : 5-dimethylphenylethylcarbamate (XI).— 





Fractionation of the above dried residue (A) gave some of the amine 
(X) at 150—160°/12 mm., and then the carbamate (XI), b. p. 
175—185°/12 mm., which crystallised from ligroin in large hexagonal 
prisms, m. p. 57-5° (Found : C, 65-6; H, 8:1. C,3H,,0,N requires 
C, 65-8; H, 8-0%). 

8-4-Methowy-2 : 5-dimethylphenylethyl Alcohol.—Sodium _ nitrite 
(7-2 g.) was slowly added at room temperature to a solution of 
3-4-methoxy-2 : 5-dimethylphenylethylamine (18 g.) in excess of 
30% acetic acid. Heat was developed and the solution turned 
yellow and turbid. The reaction was completed by warming on 
the water-bath for 3 hours. §-4-Methoxy-2 : 5-dimethylphenyl- 
ethyl alcohol separated as an oil, which was extracted with ether, 
washed first with sodium hydroxide solution and then with hydro- 
chloric acid, dried, and fractionated; the alcohol (16-5 g.) was then 
obtained as a yellow oil, b. p. 125—126°/0-25 mm., with a faint 
sweetish odour. It was slightly soluble in hot water, volatile in 
steam, and gave a brown solution in concentrated sulphuric acid. 
8-4. Methoxy-2 : 5-dimethylphenylethyl phenylcarbamate was prepared 
in ethereal solution and crystallised from light petroleum (b. p. 
80—100°) in feathery needles, m. p. 110° (Found: ©, 72:5; H, 7:0. 
C,gH.,0,N requires C, 72-2; H, 7-0%). 





























2380 CLEMO, HAWORTH, AND WALTON: 


8-4-Methoxy-2 : 5-dimethylphenylethyl Bromide.—The preceding 
alcohol (14 g.) was refluxed with 45% aqueous hydrobromic acid 
(30 c.c.) for 3 hours, the mixture changing from green to dark purple. 
The product was extracted with ether, dried, and fractionated, the 
bromide (11-5 g.) being collected at 128—130°/1 mm. (Found: 
Br, 31-6. C,,H,,OBr requires Br, 32-9%). The low bromine value 
is probably due to the presence of a small amount of unchanged 
alcohol. The use of concentrated sulphuric acid as catalyst in this 
reaction is liable to give rise to high-boiling by-products. Phos. 
phorus pentabromide acted on the alcohol, giving a product, b. p. 
180—200°/12 mm., which when refluxed with ethyl-alcoholic 
potassium cyanide, and then hydrolysed with methyl-alcoholic 
potassium hydroxide, gave §-3-bromo-4-methoxy-2 : 5-dimethyl- 
phenylpropionic acid, as proved by conversion into the amide 
(compare p. 2378). The brominated acid, on reduction with sodium 
amalgam, yielded §-4-methoxy-2 : 5-dimethylphenylpropionic acid. 

Attempts to condense £-4-methoxy-2 : 5-dimethylphenylethy| 
bromide with ethyl sodiopropane-««$-tricarboxylate (Bischoff, loc. 
cit.) in benzene yielded a product which on distillation gave a main 
fraction, b. p. 135—150°/12 mm., and a smaller fraction, b. p. 
235—250°/12 mm., consisting of a brown viscous syrup. Treatment 
of the low-boiling fraction with methyl-alcoholic potassium 
hydroxide gave a residual oil, b. p. 120°/12 mm., which formed a 
crystalline addition compound with bromine in carbon tetrachloride, 
and was probably 4-methoxy-2 : 5-dimethylstyrene. The high- 
boiling fraction on hydrolysis yielded an oily acid which lost carbon 
dioxide at 140—160°, but attempts to prepare a crystalline amide 
have been unsuccessful. 

Ethyl 8-4-Methoxy-2 : 5-dimethylphenylethylmalonate (XII).— 
8-4-Methoxy-2 : 5-dimethylphenylethyl bromide (24-3 g.) was added 
to a solution of ethyl sodiomalonate, prepared from sodium (2-3 g.), 
ethyl malonate (16 g.), and absolute alcohol (50 c.c.). The mixture 
was warmed at 45° for 1 hour, and then slowly to 70° during the 
course of 3 hours, sodium bromide separating. Most of the alcohol 
was removed under reduced pressure and the product was poured 
into water, extracted with ether, dried, and fractionated. The first 
fraction (6-5 g.), b. p. up to 155°/12 mm., consisted mainly of ethy! 
malonate, the second of ethyl §-4-methoxy-2 : 5-dimethylphenyl- 
ethylmalonate (17-5 g.), b. p. 175—195°/0-25 mm., obtained as a 
pale yellow syrup, b. p. 185°/0-25 mm., by redistillation, and there 
was a residual tar (5 g.). 

8-4-Methoxy-2 : 5-dimethylphenylethylmalonic acid, prepared by 
hydrolysing the ester, described above, with 20° methyl-alcoholic 
potassium hydroxide, crystallised from hot water in colourless 
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prisms, m. p. 145° (decomp.) (Found: C, 63-0; H, 6-7. C,,H,,0; 
requires C, 63-2; H, 6-8%). 

8-4-Methoxy-2 : 5-dimethylbenzoylpropionic Acid (XIII).—Pow- 
dered aluminium chloride (27 g.) was slowly added to a cold mixture 
of p-xylyl methyl ether (27 g.), succinic anhydride (20 g.), and 
benzene (50 c.c.). Hydrogen chloride was evolved and water- 
cooling was necessary. The reaction was completed by warming 
the resulting dark brown tarry mass at 65° for 3 hours, and the 
product decomposed with ice and dilute hydrochloric acid. The 
white solid was collected and washed with dilute hydrochloric acid, 
the residue extracted with sodium carbonate solution, and the acid 
reprecipitated and crystallised from hot water, giving slender prisms 
(35 g.), m. p. 131° (Found: C, 66-2; H, 6-6. C,,H,,0, requires 
C, 66-1; H, 6-8%). 

y-4-Methoxy-2 : 5-dimethylphenylbutyric Acid.—(a) 8-4-Methoxy- 
2 : 5-dimethylphenylethylmalonic acid (10 g.) was heated in an oil- 
bath at 160—170° for 1 hour until the evolution of carbon dioxide 
ceased; the residue crystallised from dilute alcohol in small 
plates (7 g.). 

(6) A mixture of 8-4-methoxy-2 : 5-dimethylbenzoylpropionic acid 
| (30 g.), amalgamated zinc (150 g.), and concentrated hydrochloric 
acid (150 ¢c.c.) was kept at room temperature for 3 hours, then 
refluxed for 12 hours and diluted, and extracted thoroughly with 
chloroform. The solvent was removed, and the residue, after 
purification through its sodium salt, gave the desired acid (26 g.), 
which crystallised from dilute alcohol in small plates, m. p. 101—102° 
(Found: C, 70-4; H, 8-0. C,,H,,0, requires C, 70-3; H, 8-1%). 
Attempts to «-brominate this acid were unsuccessful. 

1-Keto-7-methoxy -5 : 8-dimethyl-1 : 2 : 3 : 4-tetrahydronaphthalene 
(XIV).—y-4-Methoxy-2 : 5-dimethylphenylbutyric acid (10 g.) was 
heated with concentrated sulphuric acid (50 c.c.) at 70° for 
10 minutes, cooled, and poured on ice (150 c.c.). The oil which 
separated was extracted with chloroform and washed with sodium 
carbonate solution, and the solvent removed; the residual 1-kefo- 
7-methoxy-5 : 8-dimethyl-1 : 2: 3: 4-tetrahydronaphthalene __ crystal- 
lised from light petroleum (b. p. 40—60°) in large plates (7 g.), 
m. p. 63—64° (Found : C, 76-2; H, 7-6. C,,H,,0, requires C, 76-5; 

H, 7-8%). This ketone was recovered after being heated with 
| ethyl «-bromopropionate and copper powder. 

2 : 6- Dibromo-| - keto-'7 - methoxy -5 : 8-dimethyl-1 : 2: 3: 4-tetra- 
hydronaphthalene.—Bromine (16 g.) was added to the preceding 
ketone (10 g.) in chloroform (50 c.c.). Copious evolution of hydrogen 
bromide occurred and on one occasion the formation of a crystalline 
intermediate compound prior to such emission was noticed. After 
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48 hours at room temperature, the chloroform was removed under 
reduced pressure and the residue crystallised from light petroleum 
(b. p. 40—60°), the dibrominated ketone (11 g.) being obtained in 
colourless stout prisms, m. p. 93° [Found : Br (hydrolysable), 20-7. 
Br (total), 45-2. C,,H,,0,Br, requires Br (hydrolysable), 22-1. 
Br (total), 442%]. Attempts to condense this compound with 
ethyl sodiomalonate in benzene solution yielded a little ethy! 
ethanetetracarboxylate, m. p. 76°, and an intractable tar. 
2-isoNitroso-1-keto-7-methoxy-5 : 8-dimethyl-1 : 2:3: 4-tetrahydro. 
naphthalene.— A mixture of 1-keto-7-methoxy-5 : 8-dimethyl. 
1 : 2:3: 4-tetrahydronaphthalene (4 g.) and freshly prepared amy! 
nitrite (2-4 g.) in well-cooled ether (50 c.c.) was added to a solution 
of potassium (0-8 g.) and absolute alcohol (6 ¢.c.) in dry ether 
(50 c.c.), slowly and with shaking. The chocolate-coloured potass. 
ium salt obtained was collected and decomposed with a slight excess 
of hydrochloric acid, and the isonitroso-compound crystallised from 
benzene, stout yellowish-brown prisms (1:5 g.), m. p. 170—180° 
(decomp.), being obtained (Found: N, 5-9. ©,,;H,,O,N requires 
N, 60%). Attempts to reduce the isonitroso-derivative have been 
unsuccessful. ‘ 
8-4-Methoxy-2 : 5-dimethylbenzoylacrylic Acid.—Powdered alu. 
minium chloride (70 g.) was slowly added with stirring to a cold 
mixture of p-xylyl methyl ether (69 g.), maleic anhydride (50 g¢.), 
and light petroleum (b. p. 80—100°; 300 c.c.). Some hydrogen 
chloride was evolved, and the mixture, which rapidly changed to a 
reddish-black brittle mass with evolution of heat, was maintained 
at 70° for 14 hours and then decomposed with cold dilute hydro. 
chloric acid, the resulting yellow solid collected, washed with water 
and dried, and p-xylyl methyl ether (19 g.) recovered from the light 
petroleum. After crystallisation from benzene §-4-methoay-2 : 5- 
dimethylbenzoylacrylic acid was obtained in slender, yellow prisms 
(45 g.), m. p. 156—157° (Found: C, 66-9; H, 5-8. C,,H,,0, 
requires C, 66-7; H, 60%). Cold hydrobromic acid (45%) was 
without action on the acid, but on being heated at 100° the mixture 
changed to a tarry mass, which was not further investigated. 
a-Bromo-®-4-methory-2 : 5-dimethylbenzoylpropionic Acid.—The 
preceding acid (2 g.) and acetic acid (25 c.c.), saturated with dry 
hydrogen bromide, were kept in the cold for } hour; the yellow 
colour of the solution then disappeared and «-bromo-8-4-methoxy- 
2 : 5-dimethylbenzoylpropionic acid separated almost quantitatively 
as a white crystalline solid. This was collected, and rapidly 
recrystallised from dilute acetic acid, small plates, m. p. 144—147°, 
being obtained (Found : Br, 25-0. C,,;H,,0,Br requires Br, 25:4%). 
The ethyl ester (XV) was deposited (6-5 g.) from a mixture of 
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j-4-methoxy-2 : 5-dimethylbenzoylacrylic acid (7 g.) and a saturated 
solution of hydrogen bromide in absolute alcohol (30 c.c.) after 
standing for 3 days in the cold, and recrystallised from light 
‘7; petroleum (b. p. 60—80°), giving large stout prisms, m. p. 90—91° 
‘1,8 (Found: Br, 22-9. C,,H,,O,Br requires Br, 23-3%). ‘This ester 
condenses with ethyl sodiomalonate in a similar manner to the 
corresponding chlorinated ester (see below). 

Ethyl «-Chloro-8-4-methoxy-2 : 5-dimethylbenzoylpropionate.—W hen 
3.4-methoxy-2 : 5-dimethylbenzoylacrylic acid (20 g.) in absolute 
alcohol (100 c.c.) was saturated with dry hydrogen chloride, it 
gradually dissolved and after 12 hours a crystalline mass of the 
chlorinated ester (22 g.) separated. After being washed with a little 
absolute aleohol, dried at 70°, and recrystallised from light petroleum 
(b. p. 80—100°), the ester formed large colourless prisms, m. p. 89— 
90° (Found: C, 60-4; H, 65; Cl, 118. C,;H,,0,Cl requires 
C, 60-3; H, 64; Cl, 11-8%). Reduction of this ester with amal- 
gamated zine and concentrated hydrochloric acid yielded +-4-meth- 
oxy-2 : 5-dimethylphenylbutyric acid. 

Ethyl y-4-Methoxy-2:5-dimethylbenzoylpropane-aa8-tricarboxylate. 
—Powdered sodium (1-15 g.), ethyl malonate (8 g.), and benzene (50 
c.c.) were warmed at 50° until the formation of ethyl sodiomalonate 
was complete. Ethyl «-chloro-8-4-methoxy-2 : 5-dimethylbenzoyl- 
propionate (15 g.) was then added with stirring: Heat was evolved 

























ogen # and sodium chloride separated as a gelatinous solid. The reaction 
toa ff] was completed by heating at 80° for 2 hours, water was then added, 
ined § the benzene layer separated, and the aqueous portion extracted with 
dro ether. The combined extracts were dried, and the solvents removed 





under reduced pressure; ethyl y-4-methoxy-2 : 5-dimethylbenzoyl- 
propane-a««8-tricarboxylate (18 g.) remained as an oil. This crude 
ester (15 g.) and 20% methyl-alcoholic potassium hydroxide (36 c.c.) 
were refluxed for 3 hours, the bulk of the alcohol was removed, and 
the mixture poured into cold water (100 c.c.). The 4-methoxy- 
2 : §-dimethylacetophenone (1 g.), which separated as a solid, was 
collected; the filtrate was acidified with hydrochloric acid and 
evaporated to dryness under reduced pressure. An acetone extract 
of the residue yielded a light brown solid, probably consisting 
mainly of y-4-methoxy-2 : 5-dimethylbenzoylpropane-a«B-tricarb- 
oxylie acid (11-4 g.), which was deliquescent, very soluble in water, 
but insoluble in chloroform. It was used without further purification 
for the following operations, 

y-4-Methoxy-2 : 5-dimethylbenzoylpropane-a-dicarboxylic Acid 
(XVIL, R = H) and its Anhydride——The above acid (8 g:) was 
heated at 160° for 1 hour; carbon dioxide and water were evolved 
and the mixture assumed a dark brown colour. Trituration with 
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ether yielded +-4-methoxy-2 : 5-dimethylbenzoylpropane-«8-dicarb. 
oxylic anhydride (2 g.) as a white solid, which was collected and 
washed with ether; it crystallised from alcohol in stout prisms, 
m. p. 152—153° (Found: C, 65:2; H, 5-6. C,;H,,0,; requires 
C, 65:2; H, 58%). The anhydride is moderately easily soluble 
in hot glacial acetic acid and benzene, but insoluble in cold sodium 
hydroxide solution. Addition of benzene to the residue from the 
ethereal mother-liquor gave the corresponding acid (2 g.), which 
separated from hot water as a crystalline powder, m. p. 148—150° 
(Found: C, 60-8; H, 6-5. C,;H,,0, requires C, 61:2; H, 6-2%). 

8-4-Methoxy-2 : 5-dimethylphenylethylsuccinic Acid.—Crude y-4- 
methoxy-2:5-dimethylbenzoylpropane-««8-tricarboxylic acid (11 g.), 
amalgamated zinc (50 g.), and concentrated hydrochloric acid 
(70 c.c.) were kept in the cold for 3 hours and then refluxed for 
12 hours. The product was extracted with chloroform, the extract 
washed with water and dried, and the solvent removed. The 
residual §-4-methoxy-2 : 5-dimethylphenylethylsuccinic acid (7-7 g.), 
which rapidly solidified, was crystallised first from benzene and then 
from hot water; small prisms, m. p. 140—142°, were obtained 
(Found: C, 63-9; H, 7:3. C,;H, 90; requires C, 64-2; H, 7-2%). 

1-Keto-7-methoxy-5 : 8-dimethyl-1 : 2 : 3 : 4-tetrahydronaphthyl -2- 
acetic Acid (XVIII; R = H).—The preceding acid (2-5 g.) and 
concentrated sulphuric acid (10 c.c.)* were warmed on the water- 
bath for 1 minute with stirring. The red solution was diluted with 
ice (30 g.) and extracted with chloroform, the extract dried, and 
the solvent removed. The residual 1-keto-7-methoxy-5 : 8-dimethyl- 
1:2:3: 4-tetrahydronaphthyl-2-acetic acid (1-9 g.) crystallised from 
benzene in plates, m. p. 143—145° (Found: C, 68-9; H, 6-7. 
C,;H,,0, requires C, 68:7; H, 6-9%). 

7 - Methoxy -5 : 8-dimethyl-1 : 2 : 3 : 4-tetrahydronaphthyl -2- acetic 
acid was obtained when the keto-acid (3-5 g.) was reduced with 
amalgamated zinc (16 g.) and concentrated hydrochloric acid 
(22 ¢.c.), as described in the preparation of @-4-methoxy-2 : 5-di- 
methylphenylethylsuccinic acid. It crystallised from light petro- 
leum (b. p. 80—100°) in prisms (2-5 g.), m. p. 130—131° (Found : 
C, 72:3; H, 8-0. C,;H, 0, requires C, 72-6; H, 8-1%). 

7-Hydroay-5 : 8-dimethyl-1 : 2 : 3 : 4-tetrahydronaphthyl -2 - acetic 
Acid (Norsantonous Acid).—The methoxy-acid (1 g.) and hydriodic 
acid (b. p. 127°; 5.c.) were refluxed for 5 minutes. Water (20 c.c.) 
was added, the solid extracted in ether, decolorised with sodium 
bisulphite solution, washed with water, and dried, and the ether 
removed. Norsantonous acid, thus obtained in theoretical yield, 


* The use of larger quantities decreases the yield of 1-keto-7-methoxy- 
5 : 8-dimethyl-1 : 2 : 3 : 4-tetrahydronaphthyl-2-acetic acid. 
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crystallised from toluene in colourless, six-sided plates, m. p. 163— 
164° (Found: C, 72-0; H, 7-5. C,,H,,0, requires C, 71-8; H, 
7:7%). Norsantonous acid is sparingly soluble in hot water, and 
its solution in concentrated sulphuric acid gives a purple coloration 
on the addition of ferric chloride. 

Ethyl 8-4-Methoxy-2 : 5-dimethylbenzoylbutane - Gy - tricarboxylate 
(XVI; R= Me).—Ethyl  «-chloro-8-4-methoxy-2 : 5-dimethyl- 
benzoylpropionate (47 g.) was added to ethyl sodiomethylmalonate 
[prepared from pulverised sodium (3-9 g.) and ethyl methylmalonate 
(29 g.) in dry benzene (100 c.c.)]. The mixture was treated as in 
the case of ethyl +y-4-methoxy-2 : 5-dimethylbenzoylpropane- 
aa8-tricarboxylate and yielded the ester (KVI; R = Me) (67 g.), 
which rapidly solidified in the presence of ligroin (b. p. 40—60°). 
The ester crystallised from light petroleum (b. p. 80—100°) in large 
jagged prisms, m. p. 99° (Found: C, 63-0; H, 7:2. C,,H,.0, 
requires C, 63:3; H, 7-4%), and distilled with slight decomposition 
at 220°/0-1 mm. 

3-4-Methoxy -2 : 5-dimethylbenzoylbutane-By-dicarboxylic Acid 
(XVII; R = Me).—The preceding ester (22 g.) was refluxed with 
methyl-alcoholic potassium hydroxide (12 g. in 50 c.c. of alcohol) 
for 2 hours, the bulk of the alcohol removed, water added, and the 
precipitated 4-methoxy-2 : 5-dimethylacetophenone (0-7 g.) col- 
lected. The filtrate was acidified with hydrochloric acid and the 
resulting oil, which partly solidified after several hours, was col- 
lected and stirred with ether, giving apparently a mixture of the 
two racemic forms of 8-4-methoxy-2 : 5-dimethylbenzoylbutane-By-di- 
carboxylic acid, m. p. 155—162°. Crystallisation from dilute alcohol 
yielded slender prisms, m. p. 163—168°, consisting mainly of one 
form of the acid (XVII; R= Me) (Found: C, 62-5; H, 6-7; 
equiv., 153, 157, 153. C,,H,)0, requires C, 62-3; H, 65%; 
equiv., 154). 

a-(8-4-Methoxy-2 : 5-dimethylphenylethyl)-«'-methylsuccinic Acid.— 
The above acid mixture, m. p. 155—162° (5 g.), amalgamated zinc 
(25 g.), and concentrated hydrochloric acid (35 c.c.) were kept for 
2 hours in the cold and then refluxed for 15 hours. After dilution 
with water the product was shaken with ether, decanted from the 
zine residues, and filtered from an acid (0-7 g.), which crystallised 
from dilute alcohol in long prisms, m. p. 181—182° (Found :- C, 
62-4; H, 65%; equiv., 148). The constitution of this compound 
has not yet been determined. The ethereal extract of the filtrate 
was washed with water and dried, the solvent removed, and the 
residual solid stirred with benzene and collected (1-8 g.). This 
crystallised from aqueous alcohol, giving leaflets, m. p. 169—171°, 
consisting of one form of «-(8-4-methoxy-2 : 5-dimethylphenylethyl)- 
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a’-methylsuccinic acid (Found : C, 65-6; H, 7-5. C,H 0; requires f ester 
C, 65:3; H, 75%). After addition of light petroleum (b. p. 80—] jn cc 
100°) to the benzene mother-liquor, a second form of the acid (1-1 g.) J pixe 
was obtained after some hours, which crystallised from benzene- § ant 
light petroleum (b. p. 80—100°) in flaky prisms, m. p. 130—132° Fior ¢ 
(Found : equiv., 142. C,,H,.0, requires equiv., 147). 
a-1-Keto-7-methoxy-5 : 8-dimethyl-1 : 2: 3 : 4-tetrahydronaphthyl-2-§ Oj 
propionic Acid (XVIII; R = Me) and its Lactone (XI1X).—Kither of J stroi 
the preceding acids (0-5 g.) was warmed at 80° for 3 minutes with § Lonc 
sulphuric acid (5 c.c.), water and ice (20 g.) were added, and the § this 
solid was collected, boiled for a short time with dilute sodium fj, gr: 
bicarbonate solution, and washed with water, giving the lactone 
(XIX) (0-4 g.), which crystallised from benzene-light petroleum 
(b. p. 80—100°) in stout prisms, m. p. 160—162° (Found: C, 74:3; 
H, 6-6. C,,H,,0, requires C, 74-4; H, 7-0%). The lactone (0-5 g.) 
was refluxed with methyl-alcoholic potassium hydroxide, the alcohol 
removed, and the residue diluted with water, acidified, and extracted CCC 
with ether. The residue from the dried extract, on treatment with 
benzene-light petroleum (b. p. 80—100°), gave a mixture of the 
two racemic forms of «-1-keto-7-methoxy-5 : 8-dimethyl-1 : 2:3: 4- 
tetrahydronaphthyl-2-propionic acid (XVIII; R = Me) (0-45 g.), § THE 
m. p. 105—115°. This was collected and used in the subsequent § by : 
reduction without further treatment. Am 
dl-Santonous Acid Methyl Ether ——The preceding acid (0-5 g.), § the 
amalgamated zinc (5 g.), and concentrated hydrochloric acid (8 c.c.) § (Eu 
were refluxed for 15 hours, the mixture was diluted with water, § bet 
extracted with ether, and dried, and the solvent removed. The § 206 
residue was stirred with ligroin (b. p. 40—60°), giving a crystalline J the 
solid (0-4 g.), m. p. 97—110°, apparently consisting of a mixture of § and 
the two possible racemic forms of dl-santonous acid methyl ether § Jan 
(compare Andreocci, Gazzetia, 1895, 25, i, 526). sepi 
dl-Santonous Acid.—The above mixture of dl-santonous acid § min 
methyl ethers (0-5 g.) was refluxed with hydriodic acid (5 ¢.c.) for § tem 
10 minutes, water (20 c.c.) added, the product extracted with ether, § Ev: 
and the extract decolorised with aqueous sodium bisulphite and § ties 
dried. Removal of the solvent yielded an oily residue, which partly § ter! 
solidified on standing; after being drained on porous plate, it was | dat 
carefully crystallised twice from ether-ligroin (b. p. 40—60°), giving § in | 
shining leaflets (0-2 g. approx.), m. p. 150—152°, unchanged by § int 
admixture with dl-santonous acid prepared from santonin (compare ff ga 
Cannizzaro and Carnelutti, loc. cit.) (Found for synthetic santonous § ter 
acid: C, 72:4; H, 85. Calc. for C,;H,,0,: C, 726; H, 81%). 
The acid in sulphuric acid gave with ferric chloride a purple color- 
ation similar to that given by the acid from santonin. The ethyl 
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ester from synthetic dl-santonous acid (0-2 g.) separated from ether 
in colourless plates, m. p. 125°, and was proved to be identical by 
mixed m. p. with a specimen made from the acid obtained from 
santonin (Found for the synthetic ester: C, 73-6; H, 9-0, Cale. 
for Cy,H,,0,: C, 73-9; H, 88%). 
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CCCXI.—The Order of Fractionation of Rare-earth 
Bromates, and a Search for Illinium. 


By JosepH KENNETH Marsu. 


Tue theory of the method of concentrating illinium for detection 
by its absorption spectrum employed by Harris and Hopkins (J. 
Amer. Chem. Soc., 1926, 48, 1585) is based upon the assumption that 
the solubilities of the rare-earth bromates increase in the order 
(Eu), Sm, Gd, Il, Tb, Nd, according to which illinium will concentrate 
between two colourless earths. James and Bissell (ibid., 1914, 36, 
2060), however, found that terbium bromate is more soluble than 
the neodymium salt, and this conclusion was supported by Jordan 
and Hopkins (ibid., 1917, 39, 2614). More recently, Zernike and 
James (ibid., 1926, 48, 2871) published a note giving the order of 
separation as Eu, Sm, Gd, Tb, Nd, Dy, Pr, Ho, Yt, La, Er, at a 
minimum temperature of 20—25°, and suggested that at lower 
temperatures the order might be different. James, Fogg, McIntire, 
Evans, and Donovan (ibid., 1927, 49, 132) determined the solubili- 
ties of the pure bromates of each of the elements from lanthanum to 
terbium (except Il and Eu) at intervals of 5° from 0° to 45°. The 
data show that, as the temperature is raised, a more rapid increase 
in solubility takes place in the salt of the elements of lower than 
in those of higher atomic weight. The solubilities of samarium and 
gadolinium are almost the same, as also are those of neodymium and 
terbium, the last except at 0° being very slightly the more soluble. 

The author has recently fractionated 300 g. of cerium- and lan- 
thanum-free earths from Joachimstal pitchblende residues by the 
bromate method (Phil. Mag., 1929, 7, 1005). Yttrium and the 
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elements erbium to lutecium were quickly eliminated at the tail. 
Further tail fractions were removed as soon as they appeared fairly 
poor in neodymium. Fractionation was carried out on about 2 
fractions, usually twice daily, through 130 series; the greater part 
of the praseodymium had then been eliminated, but the tail con. 
tained a little terbium. Samarium, europium, and neodymium, andi 
presumably gadolinium, still ran through all these fractions: no 
separation whatever of the first two could be detected. The frac. 
tionation was conducted during the winter months, and the fractions 
cooled each time to 15° and often to 10° or below. The order of 
fractionation was Sm and Eu, Gd, Nd, Tb. 

The fractions containing Tb, Pr, Dy, Ho, etc., which had been 
eliminated in the above fractionation, were united and then again 
spread to about 20 fractions and put through a series of 40 crystal- 
lisations during the months of October and November, their night 
temperature frequently falling nearly to 0°. Absorption spectro. 
grams through equal thicknesses of mother-liquors from alternate 
fractions then gave the following results : 

Erbium was strongest in fraction 21 (tail) 
Holmium 17 
Dysprosium 


Praseodymium 
Neodymium 1 (head) 


‘Terbium was later proved to be strongest at about fraction 7, and 
was virtually absent from the head fractions, for these gave blue-grey 
oxides on strong ignition. 

It must therefore be concluded that the order of separation at 
low temperatures is Sm and Eu, Gd, Nd, Tb, Pr, Dy, Ho, Yt, which 
shows certain inversions when compared with the above results of 
Zernike and James for temperatures above 20°. When mixed with 
yttrium earths, the lanthanum earths behave as if they had smaller 
solubilities, especially at low temperatures, than the determinations 
on the pure bromates would lead one to expect. 

Illinitum.—The results recorded above were the outcome of a search 
for illinium (No. 61). It was hoped that the rare earths in Joachims- 
tal pitchblende might prove to be unusually rich in this element, 
in view of the facts (1) that europium (No. 63) is at least 1000 more 
abundant in the crude earth mixture than in a similar mixture of | 
earths from monazite sands, and many times more abundant than 
in any other known source ; (2) samarium (No. 62) and praseodymium 
(No. 59) are both present in unusually high proportions ; and (3) the 
elements of odd atomic number in general seem rather more abundant 
than usual. 

Although the amount of material was small (300 g.), had illinium 
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ail #showed any approach to the abnormal abundance of europium, its 
irly detection should have been possible. 


The bromate method of fractionation was used initially, but after 
130 series of fractionations on 20—24 fractions it was apparent that 
. [the separation of neodymium and samarium was proceeding exceed- 
ingly slowly, and insufficient terbium and gadolinium were avail- 
able to act as separating elements. In consequence, the fractions 
..Bwere reduced to 12, then individually converted into double mag- 
sfnesium nitrates, and again fractionated in presence of bismuth 
magnesium nitrate until the separation of neodymium and samarium 
was practically quantitative, only very small intermediate fractions 
remaining. Bismuth and magnesium were removed and the chloride 
absorption spectrum examined, but no indications of the bands 
ascribed to illinium could be found. 


In conclusion, I desire to thank Professor Soddy, F.R.S., for the 
supply of rare earths, and for his interest in the work; also Mr. T. 
(, C. Adam, M.Sce., for assistance in part of the fractionation. 


THE Str Donatp CurRiz£ LABORATORIES, 
QUEEN’s UNIVERSITY, BELFAsT. [ Received, August 17th, 1929.] 





CCCXII.—The Electrolytic Deposition of Molybdenum 
at a Mercury Cathode. 


By Jack Liscar MERRILL and ALEXANDER SMITH RUSSELL. 


LITTLE systematic investigation of the conditions under which 
molybdenum may be deposited electrolytically has been published. 
It seemed likely, from work on the corresponding but simpler 
problem, viz., the electrolytic deposition of chromium, that success 
would depend upon careful choice of current density, nature and 
concentration of acid, and nature of cathode. 

Férée (Compt. rend., 1896, 122, 733) was the first to effect the 
reduction of molybdenum in aqueous solution: he used a solution 
of the trioxide in hydrochloric acid of concentration slightly greater 
than N, a mercury cathode, and a C.D. of 5 amp./em.?, no 
molybdenum being deposited with C.D.’s less than 2-84 amp./cm.?. 
Chilesotti (Z. Elektrochem., 1906, 12, 146, 173, 197), working with 
solutions of molybdenum trioxide in hydrochloric or sulphuric acid, 
investigated the effect of C.D., acid concentration, cathode material, 
and temperature, but did not succeed in any circumstances in 
depositing molybdenum at the cathode. His C.D.’s (0-047—0-204 
amp./em.2) were small compared with those of Férée, and his experi- 
ments were not continued for more than 9 hours. Myers (J. Amer. 
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Chem. Soc., 1904, 26, 1129) obtained a quantitative reduction of 
molybdenum at a mercury cathode from a solution of sodium 
molybdate in 1-8N-sulphuric acid in 14—20 hours with C.D.’s 


strongly that sulphuric acid would be more effective than hydro. 
chloric, and it has the further advantage over hydrochloric acid off; 
changing little in concentration during a prolonged electrolysis, 
As a result of varying different factors, we found that molybdenum 
can be deposited electrolytically on a mercury cathode over a wide 
range of C.D.’s and acid concentrations. The time for completion 
of the electrolysis was found to be little affected either by altering 
the temperature of the electrolyte or by rotating the anode. 


EXPERIMENTAL. 


The apparatus used was essentially that recommended by E. F. 
Smith (“ Electroanalysis,” 1919, p. 172), viz., a glass tube, 12 cm. 
high and of 2-5 cm. internal diameter, containing 2 c.c. of mercury 
connected by a platinum wire through the glass to a sheet of copper 
connected to the negative terminal of the cells. The anode was 
platinum foil, 4 cm.? in area, suspended by a platinum wire sealed 


into a thistle tube which closed the mouth of the vessel sufficiently 
to prevent evaporation and contamination of the solution. With 
high C.D.’s the cell required to be cooled, and this was effected by 
cold water in the ordinary way. Standard solutions of sodium 
molybdate were prepared by dissolving 3-00 g. of molybdenum 
trioxide in 40 c.c. of N-sodium hydroxide and diluting it to 200 c.c. 
with water: 10 c.c. portions (containing 0-1 g. of molybdenum) 
were employed in each of the experiments to be described. The 
required concentration of acid in each portion was attained by the 
addition of drops of 33N-sulphuric acid, a blank, not electrolysed, 
being titrated with standard sodium -hydroxide. In no case was 
appreciable change in acid concentration caused by the electrolysis, 
the titres before and after the electrolysis being the same within 
the experimental error. The C.D. was kept constant within an 
error of 5%. The temperature at which electrolysis took place 
varied from 35° at low C.D.’s to 90° at high. As preliminary 
experiments showed that the effect of temperature on the course 
and duration of the electrolysis was very small, no attempt was 
made to regulate the temperature beyond the prevention of boiling. 

Colour Changes during the Reduction.—Usually immediately after 
the electrolysis was started the solution next the anode became 
blue and that near the cathode green. In dilute acid solutions 
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(approx. N) these colours soon merged in a blue-green, changing to 
green, dark brown, and an increasingly lighter brown as reduction 
Sf proceeded to completion. In more concentrated acid solutions 
2N, and upwards) the dark brown colour was reached without 
apparently going through the green stage; it became increasingly 
lighter as reduction proceeded to completion, but did not change 
-f further when the reduction was incomplete, whereas in dilute acid 
in the latter case the solution sometimes remained brown, and at 
other times blue-green. The initial blue colour was identified as 
being due to molybdenum molybdate, the green to tervalent 
molybdenum, and the brown to a stage of valency between 4 and 5, 
being probably raised from the tervalent stage by the action of 
anodic oxygen. These stages in the reduction, and also the final 
one when electrolysis was complete, were identified by reducing 
the solution by zinc amalgam until the green tervalent stage was 
reached and titrating the reduced solution with standard potassium 
permanganate solution. Myers (loc. cit.) proved that his electrolyses ° 
were complete by showing that the weight of the amalgam had 
increased by that of the molybdenum known to have been present 
in solution, but our test, in which the solution is shaken with zinc 
amalgam, is more sensitive, for a quantity of molybdenum (approx. 
10-4 g.) too small to be identified by ordinary qualitative tests shows 
itself by its catalytic effect on the reaction 2H——> H, initiated by the 
zine of the amalgam on very dilute acid, in a manner similar to that / 
found by Russell and Rowell (J., 1926, 1884) for tungsten. Hl 
Summary of Results Experiments were conducted with vari- 
ations of C.D. over the range 0-10—1-00 amp./cm.?, and of con- 
centration of sulphuric acid over the range 0-66—10N. More than 
























100 separate electrolyses were carried out, and the results are 
rhe § summarised in the table below. In the second column are given 
the ff the limits of acid concentration for complete reduction within 48 





hours, the third co'!umn gives the corresponding range of times, 
and the last gives the concentration of acid effecting the quickest 
reduction. 










hin 
an C.D., Limits of acid Normality correspond- 
amp./em.*. conc., N. Time, hours. ing to shortest time. 
- 0-25 1-05—2-00 15 —20 1-05 
ry 0-30 1-00—3-50 4 —16 1-2 
se 0-40 1-00—3-50 3-5—30 1-25—1-35 
0-50 1-00—4-20 1-5—12 1-2 
as 0-60 1-00—5-00 0-7— 6 1-15—1-4 
g. 0°75 1-0 —6-0 1-0— 6 1-4 
; 1:00 1-0 —8-C 0-8—15 















In one case only was an electrolysis complete from a solution of 
acidity appreciably less than NV, namely, with a concentration of 
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0-8N and a C.D. of 0-1, and this required 6 days for completion; 
on the other hand, with the same C.D., the quickest reduction 
(38 hours) was effected by N-acid. Again, whereas with a C.D. off; 
0-6 the electrolysis was complete in 80 minutes at an acid con. 
centration of 1-0N, it was incomplete after 5 hours at a con. 
centration of 0-95N and after 10 hours at 0-85. 

Other results (not shown in the table) also show that as the acidity 
increases above 2N-sulphuric acid the speed of reduction falls off— 
more slowly at high current densities than at low. Also in solutions 
of acid concentration between 1-0 and 5-0N, a rise in C.D. from 0-1 
to 0-6 amp. /cm.? decreases the time required for complete electrolysis, 
In this range of acidity, a further increase in C.D. up to 1-0 was 
found to have little effect on the time required for complete 
electrolysis, but with increase in the strength of the acid the increase 
of C.D. from 0-6 to 1-0 had a marked effect: with 6N-acid, the 
reduction at C.D. 0-6 was incomplete after 25 hours, at C.D. 0-80 
it was complete in 6 hours, and at C.D. 1-0 in 4-5 hours. 

From the table it is seen that the best conditions for depositing 
molybdenum from sulphuric acid solution at a mercury cathode 
are a normality of 1-20—1-40 and a C.D. of 0-6—1-0 amp./cm.?; 
the reduction is then complete in one hour. It is seen also that 
Myers’s results (loc. cit.) are in close agreement with ours for similar 
O.D.’s, but his method is slow and inefficient because his acid was 
too concentrated and his C.D. too low. But even in the best 
conditions which we have found the current efficiency is very 
small. 

The optimum acid concentration for the precipitation of molyb- 
denum is seen to be more than twice that for chromium in corre- 
sponding conditions, viz., 0-6N-sulphuric acid, as found by Kollock 
and Smith (J. Amer. Chem. Soc., 1905, 27, 1265). 

Further experiments have confirmed the inference from the 
results summarised above that acidity and not, C.D. is the important 
factor in deciding whether or not the molybdenum will be deposited 
at the cathode. With 1-25N-sulphuric acid, molybdenum can be 
deposited completely with C.D.’s as low as 0-01 amp./cm.?; for 
the deposition of 0-1 g. of metal about 400 hours are required, and 
at such low C.D.’s the time is roughly inversely proportional to the 
C.D. for the deposition of a given amount of metal. In hydro- 
chloric acid solution, on the other hand, it is clear from the work of 
Férée (loc. cit.) that current density is the important factor; we 
confirmed his observation that when this is less than 2-84 amp./cm.* 
no molybdenum is deposited : even after 96 hours at a C.D. of 0-25 
amp./em.?, the solution remained blue-green, and the weight of 
the cathode at the end of the experiment was the same as at the 
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;f beginning. With this small C.D., however, a very small amount of 
molybdenum actually was deposited, as was easily ascertained by 
its catalytic effect on the action between zinc and acids. 

Deposition by Use of a Rotating Anode.—It was expected that 
the time for complete deposition of molybdenum would be materially 
shortened by the use of a rotating anode, but one of the ordinary 
type having 400—800 r.p.m. effected no marked diminution in this 
time or any widening of the ranges of acid concentration and C.D. 
Some comparative experiments, summarised below, show that, 


Time (hrs.) for complete reduction. 


C.D., Acid cone., -— —_——_—_———_— 
amp. /em.*. N. Stationary anode. Rotating anode. 
0-50 ° (Incomplete) (Incomplete) 
0-50 . 2-5 2-0 
0-60 . 0-7 : 
P +25 25 
. 1 





except in one case, in which the stationary anode is markedly 
quicker than the rotating one and gives the shortest time in the 
series, the times in the different circumstances are not dissimilar, 
and in view of this result the matter was not investigated further. 


Summary. 


The conditions for the electrolytic deposition of molybdenum 
have been investigated : the most suitable cathode is mercury, the 
best current densities are 0-6—1-0 amp./cm.?, and the best acidities 
1-2—1-4N-sulphuric acid. 

Under these conditions the time necessary for the deposition of 
0-1 g. of molybdenum is about 50 minutes; the use of a rotating 
anode does not shorten this time. 

In effecting the deposition, acidity is a more important factor 
than current density with sulphuric acid solutions. This result 
is in contrast with Férée’s work with hydrochloric acid solutions, 
where the opposite holds. 


Dr. LEE’s LABORATORY, 
CuRist CHURCH, OXFORD. [ Received, September 9th, 1929.) 
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CCCXIII.—The Electrolytic Deposition of Tungsten aj 
a Mercury Cathode. 


By Kenneth SHELLEY JACKSON, ALEXANDER SmitH RUSSELL, and 
Jack LiscaR MERRILL. 


Féree (Bull. Soc. chim., 1898, 19, 213) is the only worker on this ff, 
subject who has claimed to deposit tungsten electrolytically from §; 
an aqueous solution. He stated that at a mercury cathode tungsten 
amalgam may be prepared by the electrolysis of the trioxide in 
hydrofluoric acid solution, but he gave no other particulars. 
Rosenheim and Bernhardi Grisson (Intern. Congr. Appl. Chem., 1911, 
10, 120) electrolysed solutions containing 10° of tungsten trioxide 
in 50% hydrofluoric acid at C. D.’s of less than 0-5 amp./cem,?, and 
also in alcoholic solutions of hydrogen chloride, but obtained no 
tungsten; they infer that their results contradict those of Férée, 
but, although details are not available, it is improbable that he used 
such concentrated acid or sueh low current densities, for, in the 
deposition of chromium and molybdenum, he used C. D.’s of 2-73 
and 5 amp./cm.”, respectively. Fischer (Z. anorg. Chem., 1913, 81, 
170) failed to obtain a deposit of tungsten by electrolysing various 
aqueous solutions; he examined a German patent claiming the 
deposition of the metal from a solution of a pertungstate, and con- 
cluded that the deposit was oxide and not metal. McCay and 
Furman (J. Amer. Chem. Soc., 1916, 38, 640) obtained no deposit 
from solutions of tungsten trioxide in mixtures of hydrofluoric acid 
with nitric or sulphuric acid. Mann and Halvorsen (Trans. Amer. 
Electrochem. Soc., 1924, 45, 493), using an iron cathode and various 
aqueous solutions, Collenberg and Backer (Z. Elektrochem., 1924, 
30, 230), using cathodes of mercury and platinum, solutions of 
hydrochloric acid, and C. D.’s of 0-008—0-096 amp./cm.?, and Neu- 
mann and Richter (ibid., p. 474), using solutions of double cyanides 
and oxalates of tungsten at a mercury cathode, all failed to obtain 
deposits of the metal, Also, Collenberg and Nilsson (ibid., 1925, 31, 
555) were unsuccessful with solutions of oxalic acid, cathodes of 
lead, platinum, tin, or mercury, and C.D.’s of 0-0044—0-035 amp./ 
em.?, 

The general similarity between metallic tungsten and molybdenum, 
and the ease with which chromium and molybdenum may be 
deposited from sulphuric acid solutions at a mercury cathode, led 
us to suppose that the deposition of tungsten should be easily 
effected once the right acid concentration and C.D. had been found. 
On the other hand, Russell and Rowell (J., 1926, 1884) found that, 
with conditions suitable for the deposition of molybdenum, only 
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aif,mount obtained was less than could be weighed on an ordinary 


balance. 

The failure of the foregoing attempts is ascribed to the feebly 
basic character of the oxides. Tungsten salts in aqueous solution 
are almost completely hydrolysed, so that tungsten ions can exist in 
appreciable amount only in presence of high concentration of acids ; 
in such solutions, however, the whole of the current is devoted to 
producing hydrogen and no metallic deposit is obtained. Another 
difficulty in the use of solutions of sulphuric acid is that the tungsten 
compound is only apparently in solution in them; sooner or later, 
according to the acid concentration, tungsten trioxide is precipit- 
ated; moreover, most of the tungsten is probably in the colloidal 
form and would not therefore be deposited at 4 cathode as the 
metal. Férée probably used hydrofluoric acid because of the com- 
paratively great solubility of tungsten trioxide therein: 100 g. of 
the ordinary concentrated acid at 50° dissolve 53-7 g. of the oxide, 
whereas 100 g. of concentrated hydrochloric acid at 50° dissolve 
only 0-36 g., and in concentrated sulphuric acid the oxide is insoluble. 

We have therefore confined our work to solutions in hydrofluoric 
acid. We confirmed Férée’s statement that tungsten may be de- 
posited at a mercury cathode from hydrofluoric acid solution, and 
find that the most favourable conditions are as follows: acid con- 
centration 4:6N, temperature 95°, C.D. 0-65—1-0 amp./cem.*. A 
second acid must not be present. 








































EXPERIMENTAL, 


Satisfactory vessels resistant to the action of hydrofluorie acid and 
ozone up to the temperatures used in the electrolysis were obtained 
either by machining a block of “ Bakelite’ or by soaking an ordinary 
Soxhlet extractor in “‘ Bakelite’ varnish and then stoving it at a 
suitable temperature. The former, a cylinder 10 em. high, wits 
outside and inside diameters of 4-1 and 2-3 cm., respectively, was 
mechanically stronger than the latter, but its thickness made the 
cooling of its contents during an experiment more difficult. Near 
the bottom of either vessel, a small hole sealed with ‘‘ Bakelite ”’ 
varnish admitted without leak the platinum wire connected to the 
cathode, which was formed by 2 ¢.c. of mercury, at the bottom of 
the vessel. Vertically above the cathode was fixed the anode of 
platinum (4 cm.? in area, and either plain or coated as described 
below), at various distances depending upon the temperature at 
which it was required to carry out the electrolysis. Loosely fitting 
stoppers of platinum prevented undue evaporation of electrolyte 
during the experiment. 
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Before using the “ Bakelite ’’ vessels, we tried lining ordinary 
vessels with various waxes and with acetyl cellulose, but none of 
these was satisfactory in use. We also tried various carbon and 
graphite anodes, but they disintegrated too rapidly to be suitable. 
Platinum anodes usually lost 0-01—0-02 g. in an 8-hour experiment 
according to the concentration of acid employed (l1—6N-hydro. 
fluoric acid), the electrolyte being at about 90°, but a coherent film 
of lead dioxide deposited on the platinum made it much mor 
resistant to corrosion for concentrations of the acid up to 3N, the 
loss of weight during an 8-hour experiment being then only 0-002 g.; 
for higher concentrations of acid, however, the uncoated platinum 
was the more resistant. In the experiments to be described, the 
anode was chosen so as to sustain the minimum loss under the 
conditions. 

During the electrolysis, the solution tended to become more con. 
centrated owing to loss of water as hydrogen and oxygen, but its 
volume was kept constant by the addition of water three or four 
times during an 8-hour experiment, and its acidity, determined by 
titration with standard sodium hydroxide, was then approximately 
the same at the end as at the beginning. The electrolyte in the 
experiments to be described was prepared from sodium tungstate 
and hydrofluoric acid and contained 0-47 g. of tungsten in 25 c.c.; 
it was kept at a,constant temperature by a water jacket. 

The deposition of tungsten in the most favourable circumstances 
was markedly slower than that of molybdenum, which itself is a very 
inefficient process. In no case did we succeed in depositing more 
than 20% of the dissolved tungsten on the mercury during a period 
of 8 hours. 

It was found impracticable to determine the amount of tungstea 
deposited by means of volumetric estimation in the electrolyte at 
the conclusion of the experiment. Moreover, as the cathode was 
sometimes contaminated with platinum, resulting from corrosion 
of the anode, the tungsten could not be determined by weighing 
the cathode before and after the experiment or by weighing the 
residue left after the mercury had been distilled off. It was found 
simplest to filter the cathode amalgam through chamois leather or 
through a ground-glass Gooch filter; owing to its inappreciable 
solubility in mercury, tungsten remains quantitatively as a paste. 
This was treated with aqua regia, and the resulting yellow tungsten 
trioxide was separated by filtration from the solution of mercury 
salts, and then either (i) carefully washed, dissolved in a known 
volume of standard sodium hydroxide solution, and the excess of 
alkali determined by titration, or (ii) dissolved in alkali, acidified 
with dilute sulphuric acid, reduced by zinc amalgam, and titrated 
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an with standard potassium permanganate. Both methods gave very 


similar results. 

Colour Changes during the Reduction.—In contrast to the reduc- 
J tion of molybdenum electrolytically (see preceding paper), no colour 
changes were noticed as the reduction proceeded. In these experi- 
[ments there was always a large excess of hydrofluoric acid, and such 
solutions, even when shaken with zinc amalgam, did not show any 
colour change. If, however, the hydrofluoric acid is not in excess, 
the reduction of tungsten solutions shows the following sequence of 
colours: blue, dark blue, blue-black, purple-blue, and dark purple. 
The presence of colour is obviously connected with the relative 
amounts of tungsten salt and hydrofluoric acid. 

Experiments were conducted over the following ranges of con- 
ditions : hydrofluoric acid, 1-8—5-7N ; temperature, 30—95° ; C.D., 
():58—1-7 amp./cm.?. Typical results are given below, the tungsten 
deposited being stated as a percentage of the total (0-47 g.). 

Effect of Acid Concentration.—Time 8 hrs.; temp. 90°; C.D. 
0-58 amp./cm.?. 

Cone. of acid, N . 2-6 3:3 4:0 4:6 5-2 5-7 
Tungsten deposited, % , , 15-4 188 194 166 15-4 


It is seen that in these circumstances the optimum acidity is 
approximately 4-6N. Rosenheim and Bernhardi Grisson (Joc. cit.), 


with a similar current density but in 50% acid, obtained no deposit 
of tungsten. 

Effect of Temperature.—Time 8 hrs.; cone. of acid 4N ; C.D. 0-63 
amp./em.?. 

Temp. 40° 60° 85° 95° 
Tosser deposited, % ; 5-6 10-5 16-8 19-5 

It is clear that under these conditions the yield is greater the higher 
the temperature. 

Effect of Current Density —A few experiments only have been 
done on the relation between the yield of tungsten in a period of 
8 hours and the C.D. These show that the former is little affected 
by the latter over the range investigated, viz.,0-58—1-7 amp./cm.?, 
the maximum variation being 30%, and the best range about 
0-65—1-0 amp./cm.?. 

Effect of a Second Acid.—A second acid in the electrolyte totally 
inhibited the deposition of tungsten if it had a concentration of the 
same order as that of the hydrofluoric acid. For instance, at 90°, 
and with a C.D. of 0-63 amp./cm.2, no tungsten was deposited in 
8 hours from a solution of 1-8N -hydrofiuoric and 2N-hydrochloric 
acids, or of 2-6N-hydrofluoric and 2N-sulphuric acids. The effect 
of smaller quantities of second acids has not yet been investigated. 

4M 
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This negative result is in agreement with that of McCay and Furman 
(loc. cit.). 
Summary. 

The conditions for the electrolytic deposition of tungsten have 
been investigated. In view of the fatlure of all previous workers, 
except Férée, to effect deposition of tungsten from aqueous solution, 
experiments have been confined to a cathode of mercury and solutions 
of hydrofluoric acid. Férée’s general result is confirmed. The 
best conditions for depositing tungsten are a temperature of 95°, 
an acid concentration of approx. 4-6N, and a range of current 
densities of 0-65—1-0 amp./em.®. Hydrochloric or sulphuric acid 
must not be present in the electrolyte. 


Dr. Len’s LABoRaToryY, 
Curist CHURCH, OXFORD. [Received, September 9th, 1929.] 





CCCXIV.—The Order of Removal of Metals from 
Amalgams. 


By ALEXANDER SmiTH RUSSELL. 


It was shown by Russell, Evans, and Rowell (J., 1926, 1872) that 
the order in which metals are removed by oxidising solutions from 
mercury in which they are dissolved or suspended is zinc, cadmium, 
manganese, thallium, tin, lead, copper, chromium, iron, bismuth, 
cobalt, mercury, and nickel. The reasons for the abnormal positions 
occupied by manganese, chromium, iron, cobalt, and nickel were 
discussed. Russell and Rowell (ibid., p. 1881), in the course of 
other work, extended these results to molybdenum and tungsten : 
working with amalgams of these metals of very low concentrations 
only, they found that both metals lie close to mercury, molybdenum 
being on the less reactive, and tungsten on the more reactive side. 
Since this work, Jackson, Russell, and Merrill (preceding papers) have 
prepared more concentrated (up to 10%) amalgams of these metals, 
and by using them the present author has been able to fix the 
positions of these metals more accurately. He finds that molyb- 
denum in mercury is definitely on its reactive side and lies between 
iron and cobalt; on the other hand, tungsten is definitely on the 
less reactive side and is removed from amalgams after nickel. 
During this work it was found that the position assigned to bismuth 
was in error : it lies, not between iron and cobalt, but between lead 
and copper. The corrected order is therefore zinc, cadmium, 
manganese, thallium, tin, lead, bismuth, copper, chromium, iron, 
molybdenum, cobalt, mercury, nickel, and tungsten. 
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EXPERIMENTAL 


The Position of Molybdenum.—Amalgams containing 1% of the 
metals iron, molybdenum, cobalt, and nickel were prepared by 
electrolysing known concentrations of solutions of their salts and 
using mercury as cathode. Those of iron, cobalt, and nickel were 
prepared by the usual methods, and that of molybdenum by the 
method of Merrill and Russell (this vol., p. 2389). From these were 
prepared mixed amalgams of iron, nickel, or cobalt with molybdenum 
in approximately atomic proportions. When the first of these was 
shaken with a solution of N/10-potassium permanganate or N/10- 
ferric sulphate in 2N-sulphuriec acid, the analysis of the resulting 
solution showed that the iron had been responsible for practically 
the whole of the reduction effected. When the amalgam of molyb- 
denum and nickel was similarly treated, it was found that the whole 
of the reduction was effected by the molybdenum; and in the case 
of the cobalt—molybdenum amalgam, 70% and 66% of the reduction 
were effected by the molybdenum when potassium permanganate 
and ferric sulphate respectively were used. From this result and 
from earlier results with mixed amalgams of zine and cadmium, 
cadmium and tin, and tin and lead, it was inferred that molybdenum, 
although it is definitely removed before cobalt, lies very close to it 
in the order of their removal from mereury. 

A 1% amalgam of molybdenum, in contradistinction to a 1% 
amalgam of cobalt, was found to reduce permanganate or ferric 
sulphate quantitatively, t.e., the quantity of molybdenum oxidised 
is equivalent to the reagent reduced. Cobalt, in these circumstances, 
is known from the earlier work to be accompanied by mercury. 
This is additional proof that molybdenum lies further from mercury 
than cobalt. With amalgams of molybdenum weaker than 1%, 
however, some mercury was found to accompany the molybdenum 
when reduction was effected, more mercury taking part in the 
reduction of a given volume of permanganate the weaker the 
amalgam in molybdenum. In this respect molybdenum resembles 
cobalt; in comparative experiments with amalgams of similar 
atomic percentages of molybdenum and cobalt, however, more 
mereury was found always to accompany the cobalt than the 
molybdenum. 

From these results it is clear that the order of removal from 
mercury is iron, molybdenum, cobalt, and mercury; also that 
molybdenum and cobalt lie close together. 

The Position of Tungsten.—A 5% tungsten amalgam, prepared 
by the method of Jackson, Russell, and Merrill (loc. cit.), was shaken 
with an acidified solution of N/10-potassium permanganate until 
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the latter was decolorised. The resulting solution, on analysis, 
was found to contain an amount of mercury equivalent to the 
permanganate reduced, but no tungsten detectable by the blue 
colour characteristic of tungsten solutions when they are shaken 
with zinc or zinc amalgam. Similar results were obtained with 
alkaline permanganate and acidified dichromate as oxidising agents. 
Acidified permanganate was then decolorised by a 1% nickel 
amalgam, and the resulting solution analysed. The atomic ratio 
of mercury to nickel taking part in the reduction was found to be 
approximately 4, and a 2% nickel amalgam gave a similar result. 
These experiments suggested that nickel lies closer to mercury in 
its behaviour towards permanganate than does tungsten. This 
suggestion was confirmed by preparing an amalgam containing 
equal atomic proportions (approx. 0-5%) of nickel and tungsten, 
shaking it with permanganate until the latter was decolorised, and 
analysing the resulting solution. It was found that 72% of the 
atoms going into solution were mercury and the remainder nickel; 
tungsten took no part in the reduction. An identical result was 
obtained when silver was substituted for tungsten. Tungsten and 
silver are therefore removed from mercury after mercury and nickel, 
and nickel is nearer to mercury in its behaviour towards per- 
manganate than it is to tungsten or silver. It was not possible by 
these methods to decide the relative positions of tungsten and silver. 

The discrepancy between these results for molybdenum and 
tungsten and those obtained earlier has been traced to the con- 
centrations of the amalgams and to the methods used for detecting 
these metals. Russell and Rowell (loc. cit.) worked principally 
with amalgams of these metals containing only about 10° g. of 
metal in 100 g. of mercury, and had to rely for their detection, not, 
as in the present work, on the ordinary gravimetric and volumetric 
methods of analysis, but on their catalytic effect on the reaction 
2H—-> H, initiated by action of zinc upon acids. This effect is shown 
by concentrations of these metals below those detectable by ordinary 
methods, and is not proportional to the quantity of metal present. 
Now, as has been mentioned above, the less concentrated a molyb- 
denum amalgam is, the more does mercury assist the molybdenum 
in reducing permanganate. A weak amalgam of molybdenum, in 
consequence, would appear not to be further weakened when 
shaken with permanganate provided there is sufficient to give the 
catalytic effect used to detect the presence of the molybdenum, 
and work at this range of concentration would lead to the conclusion 
that molybdenum is more noble than mercury. At a still smaller 
concentration, nearly the whole of the molybdenum would appear 
suddenly to be removed by the permanganate owing to the dis- 
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alysis, | appearance of the very small quantity necessary to give the catalytic 
© thef effect, and any one working at this range of concentration would 
. blue f conclude that molybdenum was less noble than mercury. Similar 







results have been obtained with tungsten amalgams: very small 
with § quantities of tungsten (below concentrations detectable by ordinary 
yents, | methods) are easily removed from mercury by permanganate, a 





result which might suggest that tungsten is on the reactive side of 
mercury, whereas when concentrated amalgams are employed, 
as has been shown above, the experiments lead to the opposite 
conclusion. These observations explain why Russell and Rowell 
were misled. 

The Position of Bismuth—A 1% amalgam of bismuth, prepared 
by dissolving the metal in 200 g. of mercury, was found to reduce 













sten, | copper sulphate in sulphuric acid solution to copper. This sug- 
and § gested that the former observation that bismuth is removed from 
the | mercury after copper is erroneous. Amalgams of bismuth were 





mixed with those of equal atomic concentrations of tin, lead, and 
copper and shaken with acidified solutions of potassium permangan- 
ate, ferric sulphate, uranyl sulphate, and other oxidising agents. 
The analyses of the resulting solutions showed clearly that bismuth 
is removed from mercury after lead and before copper. 










Summary. 

The order of removal of molybdenum, tungsten, and bismuth 
from mercury by oxidising agents has been redetermined with 
respect to other metals whose positions are known from earlier 
work. The complete order of those metals investigated is Zn, Cd, Mn, 
Tl, Sn, Pb, Bi, Cu, Cr, Fe, Mo, Co, Hg, Ni, and W. Molybdenum and 
cobalt lie close together in this order, and so do mercury and nickel. 










I have to thank my pupils, K. 8. Jackson, B.A., and J. T. 
Calvert, B.A., B.Sc., for repeating and confirming some of the 
experimental work. 
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Phenolic Compounds and their Ethers. 


By JAMES CAMERON MacmasTER, ALFRED RUSSELL, and 
ALFRED WALTER STEWART. 

In previous papers (J., 1923, 123, 642, 817, 2147; 1924, 125, 1743; 

1925, 127, 999) accounts were given of the spectra emitted under 

the Tesla discharge by the vapours of a number of organic com- 
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pounds. The present communication describes the results obtained 
with the same apparatus when used to examine certain hydroxy. 
compounds and their ethers. The figures given are wave-lengths 
(A.U.), except when otherwise stated. For photographs of the 
spectra in general, Imperial Eclipse plates were used and an ex. 
posure of 30 minutes was given, Where emission occurred in the 
visible region, further photographing was done with the aid of 
Imperial Panchromatic plates with double the exposure. The 
slit aperture of the spectrograph was 0-125 mm, 

The general results obtained may be seen in the table below. 
In the column headed “ Cont. emiss.”’ the limits of the continuous 
spectrum of each substance are given; and under ‘“ Max.” a note 
is made of the regions of greatest brilliancy. The occurrence of a 
glow in the visible region of the spectrum is indicated by means 
of a + in the column headed “ Vis.” When any bands were 
observed, their positions have been noted in the last column, those 
wave-lengths in parentheses being apparently close doublets. 


Substance. Cont. emiss. Max. Vis. Bands. 
Phenol 8050 0 a way: es 2767), 2773, 
esl 
tsa, 2853), 2883, 2867, 2916, 
2986, 7955. 2989, 3011, 3029; 


AMIBOIE a... .eerccccccscccsceseee 2850—4500 None 
Phenetole —............00.0055.. 2741—8710 3000 2791, 2809, 2823, 2846, 2884, 
2894, 2913, 2933 
2770—3700 2900—3000 None 
2760—3750 None 
P-CTOSOL .....seeeceereeseeeeeeee 2830—-3600 3000 2834, 2854, 2872, 2890, 2904, 
2921, 2939, 2976, 2999, 3014, 
aoe, 3075, 3091, 3131, 3172, 


2749, 2766, 2793, 2810, 2824 

2826, 284 47, (2870, 2875) (2893, 
2898), 2915, 2937, 2968, 3009, 
3042, 3073 

None 

None 

None 

None 

None 

3145, 3190 


(2761, 2766), (2781, 2787), 2803, 
2822, ’ ), 
2908), 


2866), 
(2924, 2928), "2947 2973, 3000 

QUIMO] ........cceceeeeeceeeeeees 2920—8900 2840, 28 49, 2869, 291 6, 
2937, 2947, 2973, 2986, $012, 
3028, 3052, 3083, 3109, 3153 
3192, 3236, $274 

Guaiacol . seseseeereesen ees 2790—3900 None 

Veratrole . .... 2870—3900 3050 None 

Resorcinol ‘monomethyi _ 

ether 2820—3500 None 
Resorcinol ‘dimethyl ether... 2761—4300 at ~ aidan 2794, 2826, 2837, 


Quinol monomethyl ether... 2900—4100 2827, 2867, 2936, 2969, 2977, 
3022, 3055, 3094, 3129, 3180 

Quinol dimethyl ether 2880—4200 2954, 2971, 2999, $031, 3049 

Orcinol ... 2800—3400 3000 None 

Orcinol monomethyl ether No spectrum 

Orcinol dimethyl ether 2780—3700 2990 0 None 


* There is a sudden increase in brightness at 2915. 
+ There is a sudden increase in brightness at 2910. 


. 


o-Tolyl methyl ether 2730—8800 
p-Tolyl methyl ether 2825—3600 


ot 


sem Tyee © scseacesecssscesee 2810-3850 
t,t eS cecssecscccesseese 2890—3500 
S-p-Xylenol ..-.-peepeeeee-s 2780-—3600 
CEP WROEOR: | | i50cccreveseneccebed 00-—3 

W-Cumenol ..........seseseee+e 2820—3700 
Anethole .............s:.s2.s0+.. 2980—4300 
Pyrocatechol .................. No spectrum 
Resorcinol ..........seees0ee0e 2750—3520 


o +00+++ 
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Substance. Cont. emiss. Max. 
Eugenol ........ «+» 2830—4000 3150 
Safrole ........ . 2930—3950 3200 

3060—4000 3450 

-.+.. No ultra-violet spectrum 

IL nevccessecceeeesseess NO ultra-violet spectrum 
cinol triethyl ether 401 paste aw 4500 

ol trimethyl wow No spectr 
Diphenylether ............... 27503550 2950—3050 
Benzyl methyl] ether 2706—32 


Benzyl ethyl ether 2658—3332 


Bands. 
None 
None 
None 
None 
None 
None 


Non 
2706-2745, 2788—2820, 2864— 
2909, 2963—3037 


2712, S06, 2787, 2805, 2851— 
2905, 2952—3016, 3065, 3093, 
3126, 3161 

3179, 3235, 3340, 3484 


$164, 3320,3480, 3660 
$229, 3300, 3390 


None 


+ +° ep aad 


a-Naphthol 3120—4300 3450 
§-Naphthol .. eee 3160—4900 3450 
a-Naphthyl ethyl ether 3 2 3400 
p-Naphthyl ethyl ether 3150—4300 8500 
Tetrahydro-a-naphthol 3180—3700 3350 


++t+++ 


The following table gives the results observed in the visible 
region of the spectrum. 


Slight green glow, leaving no trace on Pan- 
chromatic plate. Direct-vision spectro- 
scope shows one band head at 4790 degrad- 
ing towards red. 

o-Tolyl methyl ether Slight greenish glow unresolved by direct- 
vision troscope. 

The three xylenols Weak unresolvable green glow. 

Anethole Continuous spectrum extends up to visible. 

Quinol Weak green glow, unresolvable. 

Guaiacol and veratrole Fainy strong deep violet glow. 

Eugenol, safrole, isosafrole .. violet glow. 


Phloroglucinol and pyrogallol Slight green glow. 


Benzyl methyl ether The complete series of blue bands was 
measured. 

Benzyl ethyl ether S. 45 wa vs i 

a- and £-Naphthol Very strong deep violet glow. 

The two naphthyl ethers... + ra rv aa 

Tetrahydro-a-naphthol Very weak green glow. 


Discussion. 
In considering the results obtained by comparing the wave- 
numbers per mm. of the various bands observed, it is found that in 
some of the spectra examined there appear to be band systems 


which manifest certain regularities in their grouping. Some 
examples of these are tabulated below. 


Phenol. 


3656 3554 3451 3345 
3641 3536 3429 3323 
3622 3512 3406 3301 
The average difference between the values on the same horizontal 
line is 105 units. The phenetole bands can be grouped into an 
approximately similar series. 


p-Cresol. 


3529 3483 3443 3401 3360 3318 3276 3235 3194 3153 
3504 3460 3424 ? 3334 3295 3252 


4m2 
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The bands in this spectrum can be arranged in two groups with 
a constant difference of about 42 units in wave-number between 
adjacent members of a group. 

A somewhat similar grouping can be traced in the spectrum of 
p-tolyl methyl ether; and the spectra of resorcinol and quinol 
can also be resolved into two series of bands, although here the 
constancy of the differences is less satisfactory. 

The influence of substitution upon the spectra may now be 
considered, and obviously it has three aspects: (a) the general 
effect of loading the benzene ring; (b) the influence of position 
isomerism ; and (c) the result of replacing the hydroxylic hydrogen 
atoms by alkyl groups. 

Unless a substituent is introduced para to the hydroxyl group, 
the general effect of loading the nucleus is similar to that already 
observed in other cases. The weighting of the ring appears to 
damp down the vibrations which give rise to the benzene bands, 
with the result that the emission becomes continuous. 

A p-substituent appears to exert an influence different from that of 
an o- or m-substituent. Thus para-substitution tends to extend the 
general emission towards the red end of the spectrum to an extra 
50 units of wave-length. Where there are only two substituents 
in the nucleus (one of which is the hydroxy] radical) a new series of 
bands makes its appearance when the substituents are in the para- 
position ; and in several cases two such series appear simultaneously 
and overlap each other. The difference in wave-number between 
the separate bands of each group is about 43 units. These bands 
appear when the second substituent is an alkyl group or a hydroxyl 
radical, and they seem to be characteristic of para-substituted 
phenolic compounds containing no other substituents. Resorcinol 
and its ethers give an analogous overlapping series; but in this case 
the band difference is about 50 units. 

When the alkyl substituent replaces the hydroxylic hydrogen 
atom in the parent compound, the effect is in general to strengthen 
the emissive power. The only notable exceptions to this rule are 
orcinol monomethyl ether, diphenyl ether, and 8-naphthyl ether. 
There seems to be no definite connexion between the nature of the 
substituent and the direction in which the spectrum is shifted. 

An interesting and suggestive point concerning the ethers is found 
when their spectra are compared with those of corresponding chains 
composed entirely of hydrocarbon radicals. The resemblance 
between the spectra of ethylbenzene, Ph-CH,°CH;, and anisole, 
Ph-O-CH,, is not very marked, although both are of the same in- 
tensity and they occur fairly near each other in the spectral range. 
A closer resemblance is noticeable between the spectra of dipheny]- 
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methane and diphenyl ether. Here both spectra begin at almost the 
same point at the ultra-violet end, they have comparable intensities, 
and the only marked difference between them is the fact that the 
diphenylmethane spectrum extends further towards the red : 


Ph:CH,-Ph 2673—3900 
2750—3550 


Obviously, both these molecules contain a mechanism capable - of 
producing emission in the region 2750—3550; and in neither case 
does this mechanism seem capable of yielding individual bands. 

A much more striking parallelism is found when the spectra of 
hydrindene (I) and benzyl methyl ether (II) are compared. Here a 
fresh factor makes its appearance, for both compounds emit what 
may be termed interrupted spectra, 7.e., spectra characterised by 
a region of non-emission situated between two regions of emission. 


Banded Continuous Bands in 
emission. emission to _ visible region. 


Hydrindene 2702—2803 3700 4584— 5965 
Benzyl methyl ether 2706—3037 3241 4203—4990 


Complete identity in the measurements is not to be expected, and 
the resemblance in general character is quite sufficient to show that 
the two molecules contain analogous mechanisms. If the van ’t 
Hoff tetrahedral model for the carbon atom be adopted, it will be 
found that the open chain of the ether will naturally bend itself in 
a curve, and the similarity of the two structures becomes apparent. 


CH CH, 
Ho7 \¢ No righ 


HCy Vea CH, 
H 


The correctness of this assumption can be tested by a com- 
parison between the spectra of tetrahydronaphthalene (III) and 
benzyl ethyl ether (IV). As can be seen from the formule, these 
two structures have a resemblance to each other which is parallel 
to that between hydrindene and benzyl methyl ether. Here again 


as CH, 
at) HO SQ” SoH, 
H H, 

CH CH, 


the two spectra are of the same type, for each contains (a) a banded 
region in the ultra-violet, (6) an extension of this region with only 
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continuous emission, (c) a gap with no emission, and (d) a region of 
emission in the visible. 
1 Banded Continuous Bands in 


emission. emission to _ visible region. 
Tetrahydronaphthalene ...... 2719—3179 4400 4572—-6170 
Benzyl ethyl ether ............ 2658—3161 3332 4203—4990 


From the foregoing facts, it seems established that spatial relation. 
ships have a definite influence in some cases of Tesla-luminescence. 

The case of «-naphthol and ar-tetrahydro-«-naphthol brings to 
light another interesting point. ‘The emission of the former extends 
between 2 3120 and 4300, and in the visible region it yields a 
very strong violet glow. The latter emits a much shorter.and faint« 
spectrum which begins at almost the same region (A 3180) but 
extends only to 4 3700, ‘whilst the violet is replaced by a green glow 
in the visible portion of the spectrum. 

It is generally admitted that the naphthols do not contain a pair 
of normal benzene rings, whereas ar-tetrahydro-«-naphthol is e 
normal phenolic compound. Now the green glow phenomenon i 
observed in cases where a benzene ring carries two alkyl substituents 
in the ortho-position, as in o-xylene, or in which both ends of a 
hydrocarbon chain are attached to ortho-positions, as in tetrahydro- 
naphthalene. It is therefore noteworthy that the abnormal 
«-naphthol yields a violet glow, whereas the normally phenolic 
nucleus of the tetrahydro-derivative, with its two ortho-substituents 
formed by the ends of the reduced chain, behaves as might be 
expected and yields the green glow. 

Further, if the abnormal class of the naphthols be ignored, the 
violet glow has been observed up to the present only in the following 
cases: guaiacol, veratrole, eugenol, safrole, and isosafrole. In 
each of these compounds there is ortho-substitution and the atoms 
directly attached to the benzene ring are oxygen atoms.* 

In some of the spectra described above, a band made its appear- 
ance at 44315. This is probably identical with a band at 4 4314 
which is mentioned by Watts (‘‘ Index of Spectra,” V, 69) as occurr- 
ing in the spectrum of “carbon hydride.” The band at 4 4315 
has been observed in the Tesla-spectra of the following substances : 
pyrocatechol, guaiacol, veratrole, resorcinol monometh*! ether, 
resorcinol dimethyl ether, quinol mono- and di-methyl ethers, 
eugenol, phloroglucinol triethyl ether, pyrogallol trimethyl ether. 
In the cases of safrole and isosafrole a band was observed at 2 4310. 

* In the case of pyrogallol—which also fulfils the conditions—a green glow 
was faintly manifest; but as the main spectrum obtained from pyrogallol 
(and also from phloroglucinol) was a combination of the spectra of water and 


carbon monoxide, it is evident that no great weight can be attached to the 
observation. 
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rion of 





It is evident. that this band is found mainly among the spectra of 

~e the ethers, and the suggestion was made by one of us (J. C. M.) that 

egion. fit results from the decomposition of the ether with liberation of the 

os - lkyl group and the parent phenol. The simpler ethers are more 
° Jstable than the complex, and so do not yield the band in their 

ation. B spectra. 
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is e 
on i Some Aromatic Aldehydes. 4 
> 
_ By ALFRED RusseLL and ALFRED WALTER STEWART. ; 
- . 


dro. {IN continuation of the investigation of the Tesla-luminescence 
mal [spectra of organic compounds, the results obtained from a series of 
1olic $20 aromatic aldehydes are now described. In an earlier investig- 
ents ation (J., 1923, 123, 2145) the spectrum of benzaldehyde was found a 
; be | to consist of a peculiar series of bands in the visible region, to which 
the name “ blue bands ” was given for convenience; at the same : 


the [time the normal emission in the benzenoid region (A 2600—-d 3500) i 
ying was completely extinguished. The same peculiarity has been 
In observed in all the cases described below in which there is any 


emission which can be photographed; so evidently the aldehyde 

radical and the blue band emission are closely inter-related. It is ( 
ar. [rather surprising, however, to find that out of 17 aldehydes con- 
314 | taining a single benzene nucleus in the molecule, no fewer than 11 e 
irr. | show no detectable emission. This indicates how very markedly 
315 the Tesla-luminescence spectra are influenced by the introduction 
sg: of substituent groups into the parent nucleus. 

No emission spectra were yielded by the following substances : 
2-methyl- and 2 : 4-dimethyl-benzaldehydes, 8-phenylpropaldehyde,* 
salicylaldehyde, 3- and 4-hydroxybenzaldehydes, 2 : 4-dihydroxy- 
10. | benzaldehyde, protocatechuic aldehyde, 2-methoxybenzaldehyde, 


ms 





~ * This aldehyde yields a spectrum containing the blue band series, but 
lol & this emission appears to be due merely to an oxidation of the £-phenylprop- 
nd aldehyde to benzaldehyde. When air is rigidly excluded during the experi- 
he ff ment, no blue bands appear; but they can be produced by admitting air into 


the apparatus. 






, 
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vanillin, 2-hydroxy-5-methylbenzaldehyde, citronellal, citral, and 
8-naphthaldehyde. 

Benzaldehyde. The benzaldehyde bands present difficulties in 
measurement partly on account of the faintness of some of them 
and partly owing to the diffuseness of portions of the spectrum. 
A fresh examination of the spectrum by one of us (A. R.) led to 
the following determinations (wave-lengths, in A.U.). 


Group IV. Group IIT. Group IT. Group I. Group 0. 

— 4590 4230 3940 — 

4972 4605—4615 4255—4275 3970—3980 3708 
4305 4010 — 
4330—4370 4035—4070 —_ 

4410—4430 4090—4115 3849 
4450 4140 = 

4490 4170 3890 


_: 4205 3918 


The wave-numbers per mm. of these 27 bands fall into a regular 
arrangement as shown in the following table, wherein the differences 
are indicated by italic numbers. 


Group 0. I, : II. III. IV. 
Type of band. 
Strong ~- 2538 2179 _— 
Very strong, broad 2697 2516 2169 158 2011 
Strong —- 2494 2151 
Broad, faint — 2468 2123 
Broad, faint 2598 2437 2096 
— 2415 2076 
Sharp, narrow 2571 171 2398 2061 
Missing series _— — 
Faint 2553 175 2378 — 


Considering the great difficulty in measuring the positions of the 
fainter and more diffuse bands, the regularity here is as good as 
can be expected. 

3-Methylbenzaldehyde. The blue series of bands makes its appear- 
ance in the spectrum of this compound, but only 19 bands have 
been detected instead of the full 27: The wave-lengths are as 
follows : 


Group IV. Group III. Group II. Group I. Group 0. 


_— 4577 4253 3949 —_ 
4957—4977 4587—4607 4260—4270 3967—3977 3705 
4649 4308 4003 
4731 4377 4069 
_ — 4135 
—_ 4487 4156 
_— 4508 4207 


When the wave-numbers of these bands are substituted for the 
wave-lengths, it becomes evident that there is a parallelism between 
this spectrum and that of benzaldehyde, thus : 
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» and Group 0, 1. II. IIT. Iv. 
Bands, 

es in I StTOME. vseseeeseseees — 2532 181 2361 166 2185 — 
Very strong ......... 2699 181 2518 174 2344 168 2176 163 2013 

them —§ Strong ............... — 2498 176 2322 171 2151 — 
rum Missing series ...... — _— — —_ = 
» erating: — 2458 174 2284 171 2113 — 

ed toM@ Faint ............... ~ 2418 _ — * 
ag es ge — 2407 179 2228 _— oe 

Very faint ......... — 2377 159 2218 —_ =e 


4-Methylbenzaldehyde. The spectrum of this compound contains 
only seven bands, which occur at 2d 4561—4571, 4230—4245, 
3943—3958, 4360, 4400, 4080, 4120. When these are grouped 
according to wave-numbers, as in the following table, it is found 
that they correspond to similar bands in the benzaldehyde spectrum, 
although there is a definite shift of the whole series towards the 
end of shorter wave-length. The spectrum of 4-methylbenzaldehyde 
is much fainter than that of the parent substance. 
Bands. Group I. II. IIT. 
DUE de nrehactakerrareeehsiver 2531 171 2360 170 2190 
Missing series ............... — —_ 


Missing series ............... — — 
FORD. yp sncedeagys+ «ess ¢>enepsetee oo 2294 


Sharp narrow  ............+++ 2451 177 2273 
Sharp narrow 2427 — 

3: 4-Dimethylbenzaldehyde. Here again the spectrum contains 
only bands belonging to the blue series, but there are three bands 
instead of 27, and the intensity of the emission is only moderate. 
The bands occur at dd 4525—4545, 4215—4245, 3925—3955. 
Arranged according to wave-numbers, these positions are approxim- 
ately 2538, 2364, 2206, from which it appears that the bands belong 
to Series I, II, and ITI. 

4-Propylbenzaldehyde. In the spectrum of this compound four 
bands appear at the positions approximately indicated by the 
wave-lengths 4547—4575, 4232—4250, 3940—3960, 3700. By 
taking wave-numbers, the following arrangement is obtained : 


Group 0. he II. ITT. 
2703 171 2532 175 2357 164 2193 


Sere eee eeeeree 


These bands appear to correspond to some of the bands in the 
benzaldehyde spectrum, but (as in the case of 4-methylbenzaldehyde) 
the whole series is shifted towards the end of shorter wave-length. 
Anisaldehyde. In the spectrum of this compound the three most 
prominent members of the blue series were present, although rather 
faint and indistinct. The approximate positions of the band heads 
are at 2A 3910, 4155, 4490, so they are roughly 100 units nearer the 
end of shorter wave-length than the corresponding bands of the 
parent benzaldehyde. 
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Piperonal. An examination of this substance revealed a faint 
greenish-blue glow, but no photographic record of the spectrum 
could be obtained. 

Discussion.—From the foregoing results it seems possible to draw 
the following inferences, 

1. When a compound containing the aldehyde group yields a 
Tesla-luminescence spectrum, the emission is in the blue region. 
Since acetaldehyde shows emission between 4 3650 and 4750, and 
propaldehyde between 3400 and 4850, it seems evident that the 
spectrum in the blue region is characteristic of the group -CHO. 
Further, the banding of these spectra is confined to the benzene 
derivatives, which seems to indicate that the bands have their 
origin in the phenyl nucleus as altered by the influence of the 
aldehyde radical. 

2. In the case of the aromatic aldehydes, it appears that the 
presence of a methyl group in the ortho-position to the aldehyde 
radical has the effect of extinguishing the emission in the blue 
region. Neither 2-methyl- nor 2 : 4-dimethyl-benzaldehyde shows 
any sign of emission. 

3. When a methyl group is inserted in either the meta- or the 
para-position with respect to the aldehyde group (or if both these 
positions are simultaneously occupied by methyl groups), it is 
possible to find emission in the blue region; but the effect of the 
substitution is marked by a change in the number of bands which 
can be detected in the spectrum, as the following figures show : 


Benzaldehyde 27 bands 4-Propylbenzaldehyde 
. ‘Methylbenzaldchiyde — fe 3:4-Dimethylbenzaldehyde 3_,, 


%? ” ae %° 


Further, the introduction of alkyl groups in the meta- or the para- 
position with respect to the aldehyde group tends to shift the 
spectrum as a whole towards the end of shorter wave-length as 
compared with the corresponding benzaldehyde spectrum. This is 
illustrated by the following figures, showing the position of the 
strongest bands in the spectra of benzaldehyde and of 3- and 
4-methylbenzaldehyde. 4-Propylbenzaldehyde gives similar results. 


Group IV. ITI. II. IL. 0. 


Benzaldehyde 4972 4605—4615 4255—4275 3970—3980 3708 
3-Methylbenz- 


aldehyde ... 4957—4977 4587—4607 4260—4270 3967—3977 3705 
4-Methylbenz- 
aldehyde ... — 4561—4571 4230—4245 3943—3958 — 


This shift of the spectrum towards the short-wave end seems 
likely to be of considerable importance when the theory of the 
Tesla-luminescence spectra is developed ; for it places these spectra 





TESLA-LUMINESCENCE SPECTRA. PART VII. 2411 


in a category entirely apart from absorption spectra. In the latter 
an increase in molecular weight without alteration of the chemical 
character of the molecule (¢.e., by the introduction of methyl 
groups) tends to shift the spectrum towards the visible region ; 
whereas.in the cases just quoted, the exchange of a hydrogen atom 
for a methyl] radical produces exactly the opposite effect and shifts 
the spectrum as a whole towards the ultra-violet. 

4. The introduction of two alkyl groups does not prevent the 
emission of a spectrum, provided that neither of the alkyl radicals 
is in the ortho-position to the aldehyde group. Thus 3 : 4-dimethyl- 
benzaldehyde yields a spectrum, but the 2 : 4-isomeride shows no 
emission. 

5. The introduction of the hydroxyl group in any position in the 
benzaldehyde nucleus appears to prevent the emission of the normal 
spectrum. Thus no emission was detected in any of the following 
cases: salicylaldehyde, 3- and 4-hydroxybenzaldehydes, 2 : 4-di- 
hydroxybenzaldehyde, protocatechuic aldehyde, and 2-hydroxy-5- 
methylbenzaldehyde. 

6. The methoxy-group appears to differ from its parent hydroxy] 
in its influence. Thus 2-methoxybenzaldehyde, like salicylaldehyde, 
shows no emissive power, nor does vanillin (although in this 
case the free hydroxyl group may be the inhibiting factor); but 
anisaldehyde, which contains the methoxy-group in a position para 
to the aldehyde radical, shows emission. This spectrum of anis- 
aldehyde is of peculiar interest, since it has a most striking resem- 
blance to that of acetophenone. In both cases the sharp banding 
of benzaldehyde is replaced by a continuous spectrum in the same 
region with three bright centres of emission corresponding to the 
bright banded parts of the benzaldehyde spectrum; and in each 
case the points of maximum emission are shifted towards the 
ultra-violet end of the scale (as compared with benzaldehyde) to 
almost the same extent: in acetophenone the aldehydic hydrogen 
atom has been replaced by a methyl group, whereas in anis- 
aldehyde it is the para-hydrogen atom which has been replaced by 
the methoxy-group. 

The striking resemblance between the spectra of acetophenone 
and anisaldehyde is noticed at once when the plates are compared ; 
and it is in marked contrast to the difference between the spectra 
of the two similarly constituted 4-methyl- and 4-methoxy-benz- 
| aldehydes, for the former shows clear banding which is not per- 
ceptible in the spectrum of the latter. In these cases, evidently, 
position isomerism sinks into a subsidiary place in comparison with 
the chemical character of the substituent. 

7. The methylene ether, piperonal, occupies a somewhat doubtful 
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position. By analogy with its parent protocatechuic aldehyde, it 
should yield no emission, but actually a faint greenish-blue glow 
was detected visually, which seems to indicate that it emits in the 
blue region. 

8. It appears that the intensities of the various spectra are 
affected by the mass and also by the number of substituents present. 
Thus 4-methyl- and 4-propyl-benzaldehydes emit almost identical 
spectra, but the spectrum of the latter is much feebler than that 
of the 3-methyl derivative. Further, the spectrum of 3: 4-di- 
methylbenzaldehyde is weaker than those of 3- and 4-methylbenz- 
aldehyde. 

9. Up to the present, in this investigation two groups, and two 
only, have been detected as capable of forming centres of emission 
under the Tesla discharge, viz., the benzene ring and the carbony| 
radical. In the series of substances now described, these two foci 
of emission are combined in a single molecule, and it is of import- 
ance to find that they result in the complete blotting out of the 
normal benzene emission and in an emission in the normal carbony]! 
group region of the spectrum with the production of a banded 
spectrum instead of the continuous emission observed among the 
aliphatic aldehydes and ketones. 


We desire to thank the Research Fund Committee of the Chemical 
Society for a grant towards the cost of this research. 
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CCCXVII.—The Formation of Triphenylmethylphos- 
phinic Acid from Triphenylmethoxyphosphorus 
Dichloride. Part II. The Mechanism of the 
Reaction. | 


By Harotp H. Harr. 


THE action of phosphorus trichloride on triphenylcarbinol leads to 
the formation of a phosphorus dichloride, to which Boyd and 
Chignell (J., 1923, 123, 813) assigned the constitution (I). 
Ph,C-O-PCl, Ph,C-O-P(OH), Ph,C-PO(OH), 
(I.) (II.) (III.) 

This compound displays a much greater stability towards 
hydrolysing agents than analogous compounds derived from 
aliphatic alcohols, but is nevertheless hydrolysed to the carbinol 
by hot aqueous acids or alkalis. Alcoholic potash transforms it 
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into an acid to which formula (II) was first assigned. Later Boyd 
and Smith (J., 1924, 125, 1477) found that its properties were in 
better agreement with the phosphinic acid constitution (III); the 
acid was dibasic and, unlike the phosphorus dichloride (I), the link 
between the triphenylmethyl group and the phosphorus residue 
could be broken only with difficulty. 

It was thus necessary to suppose that the reaction between 
alcoholic potash and (I) involved a molecular rearrangement, the 
triphenylmethyl group migrating from oxygen to phosphorus. 
Abundant reason for the migration could be found in the tendency 
for tervalent phosphorus to attain a higher valency state, and the 
ease with which the triphenylmethyl radical acquires a positive 
charge should facilitate migration. 

The reaction with alcoholic potash is of a complex character. 
Boyd and Smith found that the product of the reaction contained 
roughly equal amounts of the acid (III) and its monoethyl ester 
(reaction i). Subsequent investigation of various triarylmethoxy- 
phosphorus dichlorides (J., 1926, 2323) showed that, besides the 
production of phosphinic acids, the action of alcoholic potash led to 
the formation of some carbinol or its ethyl ether as the result of 
fission at the carbinol carbon atom (reaction ii). The extent to 
which reactions (i) and (ii) took place depended much on the nature 
of the triarylmethyl group. 

In continuing these investigations it therefore seemed desirable 
to examine the alcoholysis of the parent dichloride in greater detail, 
and the progress of the reaction between the phosphorus dichloride 
(I) and sodium ethoxide in absolute alcohol has been followed. 
The rate of formation of solid sodium chloride furnishes a measure 
of the rate of alcoholysis of the phosphorus dichloride. At the 
same time the phosphorus-containing products of the reaction have 
been examined by pouring the reaction mixture, after removal of 
sodium chloride, into water and precipitating the acidic phosphorus 
compounds by acidification. The table summarises the results 
obtained when 2-5N-alcoholic sodium ethoxide was employed. 


Time of % of Yield cale. 
reaction chlorine Product of the as phosphinic 
Expt. (minutes). removed. reaction. acid. 
1 3 59 Triphenylmethyl- 85% 
phosphinic acid. 
2 10 67-5 _— 89 
3 60 91-2 24% Phosphinic acid, 90 
76% monoethy] ester. 
4 240 99-8 Monoethy] ester. 93 


These experiments show that the removal of the chlorine atoms 
proceeds in definite stages. The removal of the first atom is rapid, 
the velocity of the reaction being determined chiefly by the rate of 
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dissolution of the phosphorus dichloride in the alcohol; the second 
is removed more slowly, and this reaction is complete only after 
4 hours. Prolonging the reaction to effect the alcoholysis of the 
second chlorine atom causes only a small increase in the yield calcu. 
lated as phosphinic acid (column 5); although it brings about a 
complete change in the nature of the product isolated (col. 4). The 
formation of the phosphinic acid, and in such large amounts, in 
Expt. 1 was unexpected. A chloro-acid, Ph,C-POCK(OH) (IV), can 
be isolated at this stage by acidifying the reaction mixture with 
alcoholic hydrogen chloride. This substance, having regard to its 
constitution, is noticeably stable and so far appears to be the only 
compound of this class that has been isolated. Lange (Ber., 1929, 
62, 786, 793, 1084) has described the isolation of salts of mono- and 
di-fluorophosphoric acids, but the acids themselves seem to exist 
only in dilute aqueous solutions. The substance (IV) is stable in 
cold water and undergoes very slow decomposition in boiling alcohol, 
from which it can be crystallised. It behaves as a monobasic acid 
and forms well-defined salts with silver and with organic nitrogen 
bases. Hot aqueous alkalis bring about complete transformation to 
the phosphinic acid, whose appearance at this stage is thus explained. 

Whilst (IV) must be regarded as an intermediate product in this 
alcoholysis, it is not produced directly from the phosphorus di- 
chloride. If the concentration of the sodium ethoxide solution is 
reduced to 0:2—0-5N, the chloro-ester Ph,C[OPCKOEt)] * (V) is 
obtained in good yields (85%). With alkali of this concentration, 
the first chlorine atom is rapidly removed, and the production of 
(V), at present, may be considered the first stage in the alcoholysis 
of the phosphorus dichloride. 

Heating for a few minutes with 2N-sodium ethoxide solution 
transforms (V) almost entirely into (IV); since also the reaction of 
the phosphorus dichloride with sodium ethoxide solution is accom- 
panied by the production of diethyl ether, the formation of (IV) 
may be represented by equation (2). In some experiments the 
pure diethyl ether isolated represented about 60% of the amount 
required by this equation. All concentrations of alcoholic sodium 
ethoxide convert (IV) and (V) by long treatment into the monoethy] 
ester of the phosphinic acid. This is the final product of complete 
alcoholysis, the general course of which may be formulated : 

(1) Ph3C-O-PCl, spy? PhsClO-PCI(OEt)). 

(2) Ph,C[O-PCl(OEt)] + NaOEt = Ph,C:POCI(ONa) + Et,0. 

(3) PhsC-POCI(ONa) =p? PhsC-PO(OEt)(ONa).  — 

* The square brackets in this formula indicate that the point of attach- 
ment of the triphenylmethyl group has not been decided. 
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When the phosphorus dichloride is treated for a short time with 
more concentrated solutions of sodium ethoxide, it is possible to 
isolate diethyl triphenylmethylphosphinate, Ph,C-PO(OEt), (VI). 
Its yield increases with increasing concentration of the ethoxide 
solution, and at 4N amounts to 20%. The diethyl ester does not 
normally appear as a product of the alcoholysis of the phosphorus 
dichloride, because prolonged action of sodium ethoxide solutions 
causes hydrolysis to the monoethyl ester. The mode of formation 
of (VI) from the phosphorus dichloride is made clear by the fact 
that (V) is also partly converted (20%) into (VI) by reaction for a 
few minutes with concentrated ethoxide solutions. For highly 
concentrated solutions of sodium ethoxide there exists, therefore, 
the alternative course : 

(4) Ph,C[O-PCl(OEt)] = 5,7 PhsC:PO(OEt),. 

(5) Ph,C-PO(OEt), + NaOEt = Ph,C-PO(OEt)-ONa + Et,0. 

The reaction involving fission at the carbinol carbon atom (reaction 
ii) is small: values of 2—3% have been obtained. 

Difficulty is encountered when an attempt is made to decide the 
stage in the alcoholysis of the phosphorus dichloride accompanied 
by rearrangement. The phosphorus dichloride is converted into 
the carbinol by sulphuric acid and hot aqueous acids or alkalis; 
formic acid, hydriodic—acetic acid mixtures, and alcoholic sulphuric 
acid cause reduction to triphenylmethane. These reagents cannot 
effect the elimination of the triphenylmethyl group from the phos- 
phinic acid or its monoethyl ester, which form the final products of 
the alcoholysis. Such marked differences in stability are in agree- 
ment with the structures already assigned to these compounds, but 
the phosphinic acid behaves anomalously towards phosphorus 
pentachloride, triphenylchloromethane being produced instead of 
the expected phosphinyl dichloride. It is not possible to decide 
§ the constitutional formule of the intermediate products (IV), (V), 
and (VI) by a mere reference to their behaviour towards hydrolysing 
agents, for they display a dual character in this respect. 

The diethyl ester (VI) has been shown to be diethyl tripheny]- 
methylphosphinate, being obtained also by the action of ethyl iodide 
on the silver salt of the monoethy]l ester. 

The properties of the chloro-acid (IV) seem to point to a constitu- 
tion resembling the phosphinic acid: Ph,C-POCK(OH). It displays 
marked acid properties although possessing but one hydroxyl 
group, and is transformed to the phosphinic acid with ease, for 
example, by boiling with water. On the other hand, it is decom- 
posed by sulphuric acid, producing triphenylcarbinol. 

In the chloro-ester (V) the chlorine atom possesses remarkable 
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stability. ‘The substance is unchanged by boiling (4 hrs.) with water, 
alcohol, or aqueous alkalis. It is attacked by hydriodic-acetic 
acid mixtures or alcoholic sodium ethoxide, but in each case the 
chlorine atom is at first untouched, the chloro-acid (IV) being 
produced. Prolonged action of these reagents produces the phos. 
phinic acid or its monoethyl ester; in view of their peculiar course 
these reactions can, however, furnish little support for assigning a 
phosphinic constitution to (V). With sulphuric acid the chloro- 
ester yields the carbinol and with formic acid undergoes partial 
reduction to triphenylmethane. Its behaviour is thus ambiguous 
and its constitution must be regarded as still undecided. For these 
reasons it is not possible to indicate the stage in the alcoholysis of 
the phosphorus dichloride accompanied by rearrangement. 

If the chloro-acid is assigned the constitution (IV), its instability 
towards sulphuric acid is unexpected, for this reagent fails to 
convert the phosphinic acid into the carbonium sulphate. The 
difference may be explained by the difficulty which would attend 
the removal of the triphenylmethyl kation from the phosphinic 

; | 0 | 

acid, when ionised in solution. The substance | Ph,C— PO | 2H+ 

| 0 | 
(VII) would be expected to be sulphonated with relative ease and 
in fact sulphonation takes place rapidly at 70°. The chloro-acid 
at the same temperature yields the carbonium sulphate. Here the 
sulphuric acid first effects a loss of hydrogen chloride, and the pro- 
duct, no longer ionisable, is then sulphonated with difficulty, but 
offers little resistance to the formation of triphenylmethyl] kation. 
Similar arguments would apply in the case of the chloro-ester. 
The un-ionisable diethyl ester cannot be converted into the car- 
bonium sulphate, no doubt owing to the ease with which the ethoxy- 
groups are hydrolysed; both are removed by dilute aqueous acids 
and their removal probably forms the first stage in the action of 
sulphuric acid, which subsequently effects sulphonation. The 
production of triphenylchloromethane from the phosphinic acid 
and phosphorus pentachloride can be explained on the same basis, 
the un-ionisable phosphinyl dichloride being first produced. 

Arbuzov (Chem. Centr., 1929, I, 2729) * has considered the possi- 


* [Note added, October 15th.]—Access to the original work of Arbuzov and 
Arbuzov (J. Russ. Phys. Chem. Soc., 1929, 61, 217) was not possible when 
this paper was written. Those authors did not, as stated in British Chemical 
Abstracts, 1929, A, 832, obtain the dialkyl esters of the phosphinic acid by 
treating the phosphorus dichloride with the sodium derivatives of different 
alcohols, and the dialkyl esters were obtained from triphenylbromomethane 
and the trialkyl phosphites, not the dialkyl phosphites. 
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bility that the phosphorus dichloride might possess the alternative 
formula Ph,C-POC], (VIII). He prepared diethyl triphenyl- 
methylphosphinate from triphenylbromomethane and _ triethyl 
phosphite and considered that, if this ester could be obtained by 
the action of sodium ethoxide on the phosphorus dichloride, the 
formula (VIII) would be proven. Arbuzov did not obtain this 
ester by the second method and left the structure of the phosphorus 
dichloride undecided. The ester, now obtained by the second 
method, appears to be identical with that of Arbuzov. This 
cannot be considered as support for the constitution (VIII), for the 
reason that this second method of preparation utilises precisely that 
reaction in which Boyd assumed rearrangement to take place. 

At present the evidence is not sufficient to enable a final decision 
to be made with regard to the formula of the phosphorus dichloride. 
Formula (I) offers an explanation of its properties and is in agree- 
ment with the manner of preparation. On the other hand, the 
gradation of properties shown by the chloro-ester, chloro-acid, and 
phosphinic acid indicates that a phosphinyl dichloride (VIII) might 
possess properties not unlike those of the known dichloride. 

Experiments are in progress which it is hoped will furnish a solution 
of this problem. 

EXPERIMENTAL. 

The data recorded in the table were obtained as follows: 2 g. of 
powdered triphenylmethoxyphosphorus dichloride and 13:3 c.c. 
(6 mols.) of a 2-5N-solution of sodium ethoxide in 99-7% alcohol 
were placed in a flask provided with a reflux condenser and calcium 
chloride guard tube. The mixture was heated rapidly on a water- 
bath, and the reaction assumed to commence at the first appearance 
of a vigorous ebullition. After refluxing for the desired time, the 
mixture was cooled rapidly to 16°. The precipitated sodium chloride 
was collected in a Gooch crucible, washed with a saturated solution 
of sodium chloride in absolute alcohol, and estimated volumetrically. 
The values obtained were corrected for the solubility of sodium 
chloride in absolute alcohol at 16°. A small quantity of the 
phosphorus dichloride remained unchanged if the reaction was inter- 
rupted after a short time, but when the phosphorus dichloride em- 
ployed was finely divided the amount recovered never exceeded 0-5%. 

The alcoholic filtrates from the sodium chloride were poured into 
water, the alcohol was removed by boiling, and the solution was 
filtered to remove neutral phosphorus compounds and acidified. 
The precipitate was collected, washed with hydrochloric acid until 
free from inorganic phosphorus compounds, and dried to constant 
weight at 100°. It consisted of a mixture of triphenylmethyl- 
phosphinic acid and its monoethyl ester; its yield was computed as 
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phosphinic acid, based on a determination of its phosphorus content. 
Many experiments show that the values thus obtained are trust- 
worthy to within 2%. 

Almost pure triphenylmethylphosphinic acid was formed when 
the phosphorus dichloride was refluxed with the sodium ethoxide 
solution for 3 minutes; it contained 9-7% of phosphorus (theory 
requires 9-6%), and after crystallisation from benzene melted at 
274—276°, alone or mixed with the pure phosphinic acid. Pro. 
longed action of sodium ethoxide solution produced practically pure 
monoethy] ester of the phosphinic acid. At intermediate times, in 
agreement with the observations of Boyd and Smith (loc. cit.), 
mixtures of the acid and its ester were obtained, whose compositions 
could be calculated approximately from their phosphorus content. 

Ethyl Hydrogen Triphenylmethylphosphinate—This ester forms 
the sole acid phosphorus product after 6 hours’ heating, 9-4 g. being 
obtained from 10 g. of triphenylmethoxyphosphorus dichloride. It 
is difficultly soluble in most organic solvents. Crystallised from 
benzene, it melts at 259°. It dissolves in sulphuric acid, but produces 
no colour: hydriodic-acetic acid mixtures convert it into the 
phosphinic acid (Found : P, 8-7. C,,H,,0,P requires P, 8-8%). 

The silver salt was obtained as a crystalline white precipitate 
by the addition of silver nitrate to a hot aqueous solution of the 
ammonium salt (Found, after drying to constant weight at 110°: 
P, 6-8; Ag, 22-8. C,,H,.,0;PAg requires P, 6-8; Ag, 23-5%). 

Triphenylmethylchlorophosphinic Acid (IV).—Triphenylmethoxy- 
phosphorus dichloride (4 g.) and 26-6 c.c. of a 2-5N-solution of 
sodium ethoxide in absolute alcohol were heated under reflux for 
3 minutes and cooled rapidly, and 30 c.c. of a solution of concentrated 
hydrochloric acid in absolute alcohol (NV = 1-86) slowly added, 
the mixture being shaken and cooled. Water was then added until 
the mixture became clear, any unchanged -phosphorus dichloride 
remained insoluble and was removed, and 300 c.c. of water, strongly 
acidified with hydrochloric acid, were added to the filtrate. An oil 
separated which, after solidifying, was washed with water, dried at 
100°, powdered, and extracted twice for 2 hours with 15—20 c.c. 
of boiling dry benzene. The product (3-03 g.; yield, 80°) melted 
at 226—227° (Found: P, 9-0; Cl, 10:3. OC, .H,,0,CIP requires 
P, 9-1; Cl, 10-35%). 

The substance is almost insoluble in non-hydroxylic solvents. 
The melting point varies with the rate of heating and fusion is 
accompanied by complete decomposition into hydrogen chloride 
and a vitreous residue; the pure crystallised product usually melts 
at 233—234°. Complete hydrolysis to the phosphinie acid is 
effected by heating with formic acid, acetic acid, or water. 
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On addition of the theoretical amount of aniline to a solution of 
triphenylmethylchlorophosphinic acid in absolute alcohol, the 
aniline salt was precipitated as a crystalline white powder, m. p. 
182—182:5° (151—156° by rapid heating). It contained one 
molecule of alcohol of crystallisation, which was expelled by heating 
‘Bat 100° under reduced pressure; under similar conditions at 60°, the 
alcohol was retained (Found: N, 2-8; P, 65; C,H,O, 9-8. 
(,;Hg,0,NCIP,C,H,O requires N, 2-9; P, 6:45; C,H,O, 9-6%). 

The quinoline salt, prepared in like manner, formed large 
colourless crystals, m. p. 181-5—182-5° (Found: P, 6-6; Cl, 7-2. 
C.gH ,0,NCIP requires P, 6-6; Cl, 7-5%). 

The Chloro-ester (V).—A mixture of 2 g. of triphenylmethoxy- 
phosphorus dichloride and 66 c.c. of a 0-5N-solution of sodium 
ethoxide in absolute alcohol was refluxed for 3 minutes, cooled 
rapidly, and the solution filtered to remove any unchanged di- 
chloride. Water (400 c.c.) was added with stirring and, after 1 hour, 
the crystalline material which had separated was collected, washed, 
and dried at 100°. Yield, 1-7 g. (83%). Crystallised many times 
from benzene and light petroleum (b. p. 40—60°), it formed colour- 
less crystals, m. p. I87-5—138°. Alternatively the chloro-ester 
may be isolated by pouring the filtered alcoholic solution into excess 
of hot water (85°) and after 30 minutes collecting the crystalline 
material; the product, m. p. 135—137°, is obtained in smaller yield, 
but is free from the phosphinic acid, traces of which are present 
when the first method is employed (Found; P, 8-1; Cl, 9-7; EtO, 






















of ff 11-45; M, eryoscopic in benzene, 367, 385. C,H 0,CIP requires 
“e P, 8-4; Ol, 9-6; EtO, 12-15%; M, 371). When heated at 50—60° 
© 





for 10 minutes with a 3:1 mixture of sulphuric and acetic acids, 
the chloro-ester is converted quantitatively into triphenylearbinol. 

Arbuzov (loc. cit.) has described a chloro-ester (m. p. 125—126°) 
which is probably identical with the substance now described. 

Conversion of the Chloro-ester (V) into Triphenylmethylchloro- 
phosphinic Acid (IV). (1) By alcoholic sodium ethoxide. The 
chloro-ester (2-053 g.) and 13:3 c.c. of a 2-08N-solution of sodium 
ethoxide in absolute alcohol were heated to refluxing for 3 minutes. 
The subsequent procedure was the same as described in the pre- 
paration of (IV). The product, purified by extraction with hot 
benzene, consisted of almost pure triphenylmethylchlorophosphinic 
acid, m. p. 229—229-5°. Yield, 1-407 g. (74%). 

(2) By hydriodic-acetic acid mixture. 2 G. of the chloro-ester 
were heated under reflux with a mixture of hydriodic acid (6 c.c.) 
(b. p. 126°) and glacial acetic acid (12 c.c.) for 8 minutes, the product 
was cooled, and the crystalline material collected, washed with 
dilute sulphurous acid and water, dried at 100°, and extracted twice 
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with hot benzene; 1-47 g. (80%) of pure triphenylmethylchloro. 
phosphinic acid (m. p. 233—234°) were obtained (Found : P, 9-1. 
Cl, 10-1. Cale.: P, 9-1; Cl, 10-35%). 

Diethyl Triphenylmethylphosphinate (V1).—A mixture of 20 g. of 
triphenylmethoxyphosphorus dichloride and 82 c.c. of 4N-alcoholic 
sodium ethoxide was refluxed for 3 minutes, the reaction mixture 
poured at once into excess of water, and the alcohol expelled by 
heating on a water-bath. The insoluble material was removed, 
washed, and dried at 100° (yield, 3-62 g.; 17-2%). Crystallisation 
from ether and light petroleum (b. p. 40—60°) yielded a white 
crystalline powder, m. p. 120—121°. 

The reaction between the phosphorus dichloride and concentrated 
sodium ethoxide is vigorous and difficult to control, and the product 
is contaminated with small amounts of material resulting from 
fission at the carbinol carbon atom. The diethyl ester was more 
conveniently prepared by heating together 3-5 g. of the chloro. 
ester and 12 o.c. of 3-5N-alcoholic sodium ethoxide for 2-5 minutes, 
0-65 g. (21%) being obtained; crystallised from ether and light 
petroleum, it melted at 120—121°.[Found: P, 8-25; EtO, 23-1, 
Calc. for C,,H,;PO(OEt), : P, 8-15; EtO, 23-7%]. The substance has 
the same melting point as the diethyl triphenylmethylphosphinate 
described by Arbuzov (loc. cit.) and is probably identical therewith. 

When the diethyl ester is heated with concentrated sulphuric 
acid at 40° or 130°, no triphenylearbinol is produced, but complete 
sulphonation takes place. Treatment with hot aqueous sulphuric 
acid causes hydrolysis, the monoethyl ester being first formed and 
finally the phosphinic acid itself. A quantitative conversion into 
the phosphinic acid is brought about by heating with hydriodic- 
acetic acid mixtures. 

Action of alcoholic sodtwm ethoxide. 0-441 G. of the diethyl ester 
was heated for 4 hours with 4:8 c.c. of 2-5N-alcoholic sodium ethoxide. 
The mixture was then poured into water and the phosphorus acids 
were isolated in the usual way. They consisted of the practically 
pure monoethy] ester of the phosphinic acid (0-407 g.; m. p. 254— 
257°). 

Diethyl triphenylmethylphosphinate has also been obtained as 
follows: Silver monoethyl triphenylmethylphosphinate (7:2 g.), 
ethyl iodide (3-2 g.), and 30 c.c. of carefully dried benzene were 
shaken together for a week in a flask protected from light. The 
silver iodide was removed and the benzene evaporated under reduced 
pressure; 5-8 g. of white crystalline material remained, m. p. 118— 
120° after crystallisation from ether. Towards hydrolysing agents 
it exhibited the same properties as the diethyl ester already 
described ; a mixed melting point established their identity. 
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Conversion of Triphenylmethylphosphinic Acid into Triphenyl- 


| Bchloromethane.—5 G. of the phosphinic acid and 10 g. (3 mols.) of 


phosphorus pentachloride were heated together at 70°. A vigorous 
ifevolution of hydrogen chloride took place at first and ceased sud- 

denly, leaving a yellow liquid containing much unchanged penta- 
chloride. During the subsequent 14 hours’ heating the remaining 
pentachloride went slowly into solution without any noticeable 
evolution of hydrogen chloride. Benzene was then added and the 
solution was rapidly extracted with water and dried. Evaporation 
of the benzene yielded 3-92 g. (91%) of triphenylchloromethane, 
mn. p., after crystallisation from benzene, 106—109°. 

Action of Alcohol on the Phosphorus Dichloride—Boyd and 
Chignell (loc. cit.) stated that with ethyl alcohol the phosphorus 
dichloride yields triphenylmethyl ethyl ether. This statement has 
been confirmed : 1 G. of the phosphorus dichloride, when refluxed 
for an hour with 10 or 100 c.c. of absolute alcohol, yields chiefly the 
carbinyl ether. Schmidlin and Garcié Bands (Ber., 1912, 45, 
3189) described the reduction of triphenylcarbinol by means of 
ethyl alcohol-sulphuric acid (1:1). This reagent causes consider- 
able decomposition and it is preferable to employ much less acid. 
1 G. of the carbinol, when refluxed for } hour with 23 c.c. of ethyl 
alcohol—sulphuric acid (4:1), or for 2 hours with 20 c.c. of an 8:1 
mixture, produces almost pure triphenylmethane. The same reagent 
reduces the phosphorus dichloride to the methane. In alcohol 
the phosphorus dichloride decomposes and liberates hydrogen 
chloride, and with very little alcohol the acidity developed suffices 
to cause reduction : 1 g. of the phosphorus dichloride, when refluxed 
for 2 hours with 2 c.c. of alcohol, yielded a considerable amount of 
triphenylmethane. 

The course of this reduction is illustrated by a consideration of 
the behaviour of tri-p-tolylchloromethane towards ethyl alcohol. 
In this case short boiling with alcohol (15 minutes) yields tri-p- 
tolylmethyl ethyl ether; prolonged boiling (2 hours) produces 
tritolylmethane. By similar treatment with alcoholic hydrochloric 
acid, the corresponding carbinol can be converted into its ethyl ether 
or reduced to the methane. 


R,CCl + EtOH = R,C—O—Et + Cl —> R,CH + ©,H,0 + H + Cl 
H 


R,C-OEt + HCl. 


The statement of Arbuzov (loc. cit.) that the phosphorus dichloride 
is converted into the carbinol by boiling with alcohol could not be 
confirmed. When 1 g. of the phosphorus dichloride was refluxed 
with 100 c.c. of absolute alcohol it was possible to isolate a very 
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small amount of triphenylearbinol, but the ethyl ether formed the 
chief product. Alcoholic hydrogen chloride of the same strength 
as that finally produced in the foregoing experiment behaved 
towards triphenylchloromethane and towards the carbinyl ether 






















in the same way, the product being the carbinyl ether associated § Lu 
with a little carbinol. The following experiment illustrates the J the | 
ease with which the carbinyl ether is hydrolysed by dilute aqueous § of C 
acids and may offer an explanation of the production of carbinol § whic 
in Arbuzov’s experiments. 1 G. of the phosphorus dichloride was § of t 
refluxed with 100 c.c. of absolute alcohol for 1 hour, 100 c.c. of § (Wx 
water were added, and the mixture was warmed gently until just 
clear. On cooling, almost pure triphenylcarbinol (0-6 g.) crystallised, 
m. p. 157—160°. It was identified by means of a mixed melting A 
point. In a similar experiment where, prior to the addition of 
water, the solution was neutralised by the addition of aqueous § Ho! 
sodium carbonate, 0-66 g. of the carbinyl ether was obtained, § det 
m. p., after crystallisation from aqueous ethyl alcohol, 82—83°. § ket 
A very little carbinol was present. for 
Boiling methyl alcohol converts the phosphorus dichloride into § to! 
methyl triphenylmethyl ether. 2 G. of the phosphorus dichloride § 15‘ 
and methyl] alcohol (10 c.c.), after boiling for 2 hours, yielded 1-45 ¢. J cu 
of a product, m. p. 82—83° after crystallisation from methyl alcohol. 
The author wishes to express his thanks to Professor D. R. Boyd is 
for valuable help and advice and to the Department of Scientific J 


and Industrial Research for the award of a research grant. 


University CoLtecr, SOUTHAMPTON. [Received, August 21st, 1929.] 





NOTES. 


The Decomposition of Carbon Monoxide in the Silent Electric 
Discharge. By Exwiy Orv. 


Messrs. Lunt and Mumforp have had the kindness to send me the 
proof of their recent paper (this vol., p. 1711) on the above subject, 
in which they state that the brown solid polymeride of carbon 
suboxide deposited during the decomposition produces traces of 
oxalic acid when dissolved in water, whereas the polymerides of 
C,0,, prepared from malonic acid and phosphoric oxide (see Diels 
and Wolf, Ber., 1906, 39, 689; Diels and Meyerheim, Ber., 1907, 
40, 359) do not produce oxalic acid on such treatment. 

I have previously shown (Ber., 1922, 55, 2129; 1925, 58, 774) 
that the C,0, prepared by Diels’s method is soon polymerised by 
traces of phosphorus compounds, and that the unimolecular C,0, 
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is also polymerised in a very short time by the electric discharge, 
even when largely diluted with carbon monoxide. It is clear that 
the polymerisation of C,;0, by different means and in different 
circumstances (in the liquid state and in the gaseous state, when 
very diluted with an indifferent gas) can produce different products. 
Lunt and Mumford would therefore appear not to have disproved 
the fact that the brown solid has been formed by polymerisation 
of C,0, produced according to the equation 4CO = C,0, + CO, 
which has been established by several quantitative determinations 
of the ratio CO,/[C,0, + (C,0,).]—Tue Untverstry, MuNnsTER 
(WESTFALIA), GERMANY. [Received, July 29th, 1929. | 





Application of Semicarbazones to the Determination of Ketones. 
By Stic VEIBEL. 


Hopson (this vol., p. 1384) has described a micro-method for 
determining semicarbazones and its application to the analysis of 
ketones, based on the method of Maselli (Gazzetta, 1905, 35, i, 267) 
for determining semicarbazide, viz., hydrolysis of the semicarbazide 
to hydrazine and ammonia. He states that hydrolysis with boiling 
15% hydrochloric acid is complete after 7—8 hours and uses mer- 
curic chloride as an oxidising agent. 

Two years ago (Bull. Soc. chim., 1927, 44, 1410) I described a 
very similar method for the identification of aldehydes and ketones, 
which could be employed as a micro-method. The hydrolysis is 
carried out with 15—20% sulphuric acid (in the case of very slightly 
soluble semicarbazones, with 45° sulphuric acid) and is complete 
in 4 hour, and iodic acid is used as the oxidising agent. 

The essential difference between the two methods seems to be, 
however, that according to Hobson it is necessary to destroy the 
hydrazine as it is formed during the hydrolysis, and this may be 
(one by using a mixture of hydrochloric acid and mercuric chloride ; 
whereas, in my method, the iodic acid is added after hydrolysis 
is complete. Hobson states that the liberated ketone may cause 
a partial reduction of hydrazine to ammonia. I have never found 
any evidence of such reduction: this may be due to the fact that 
the amount of hydrazine reduced during the hydrolysis in Hobson’s 
method (7 hours’ heating) is some 2—3% only, and consequently 
in my method (4 hour hydrolysis) the amount reduced would be 
within the limits of experimental error. 

Hobson states that his method may be employed for the quantit- 
ative determination of ketones in mixtures, and suggests that the 
semicarbazone may be separated from the excess of semicarbazide 
by washing with water. Not all semicarbazones, however, are so 
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slightly soluble in water that this method of purification may he 
employed without considerable loss of semicarbazone.—THE Unt. 
VERSITY, COPENHAGEN. [Received, July 18th, 1929.] 





The Direct Dibromination of m-Bromophenol. By HERBERT HENRY 
Hopeson and JosEPH NIxon. 
THE addition of bromine (2 mols.) to a solution of m-bromophenol 
in glacial acetic acid gives 3 : 4 : 6-tribromophenol (compare Kohn 
and Strassmann, Monaish., 1925, 45, 597, who did not decide 
whether 3:4:6- or 2:3: 4-tribromophenol was produced). Its 
constitution is established as follows: 3: 4: 6-T’rtbromo-2-nitro- 
phenol is obtained when a mixture of 16 g. of bromine and 30 c.c. 
of glacial acetic acid is added to a solution of 11 g. of 3-bromo. 
2-nitrophenol (Hodgson and Moore, J., 1926, 157) in 50 c.c. of 
glacial acetic acid and the whole is shaken, warmed until free 
bromine has disappeared, diluted with water until slightly turbid, 
warmed until the turbidity has disappeared, and allowed to cool. 
Recrystallised from light petroleum, the product (long, pale yellow 
needles) has m. p. 109° (Found: Br, 63-9. C,H,O,NBr, requires 
Br, 63-8%). By treatment with dilute sodium hydroxide solution 
and methyl sulphate it yields 3 : 4 : 6-tribromo-2-nitroanisole, which 
crystallises from alcohol in pale yellow needles, m. p. 105° (Found : 
Br, 61-6. Cale. for C,H,O,NBr,: Br, 61:5%). This ether also 
melts at 105° when mixed with the tribromonitroanisole (m. p. 105°) 
prepared by nitrating the tribromoanisole obtained from the above 
tribromophenol as described by Kohn and Strassmann (loc. cit.). 
3-Bromo-2-nitrophenol thus behaves towards bromine in the 
anticipated manner.—TECHNICAL COLLEGE, HUDDERSFIELD. [Re- 
ceived, September 12th, 1929.] 


Some Phenanthrene Derivatives. By RoBERT KENNETH CALLOW 
and JoHN Masson GULLAND. 


THE directions given by Austin (J., 1908, 93, 1760) for the nitration 
of 9-bromophenanthrene are incomplete, and the best yield of 
9-bromo-10-nitrophenanthrene was obtained as follows. Nitric 
acid (d 1-45; 5 c.c.) was slowly dropped into a hot solution of 
9-bromophenanthrene (20 g.) in acetic acid (20 c.c.) and acetic 
anhydride (8 c.c.), and the mixture heated on the water-bath for 
20 minutes. The solid product (20 g.) which separated on cooling 
was crystallised from toluene (yield, 13-7 g.) and then from acetone 
(yield, 8 g.; m. p. 175—190°). This material was suitable for most 
purposes, but further crystallisation from acetone afforded a product, 
m. p. 195—203°. Austin records 195° for material crystallised 
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from toluene, and 209° for a specimen obtained by a laborious 
method of purification. 

Dinitrophenanthrene.—Phenanthrene was nitrated as described 
by Schmidt and Heinle (Ber., 1911, 44, 1488), but nitric acid of 
d 1-5 instead of 1-45 was used. The solid fractions obtained by the 
extraction with alcohol there described and crystallisation from 
acetic acid had melting points above that of 9-nitrophenanthrene, 
and repeated crystallisation from acetic acid yielded a sparingly 
soluble dinitrophenanthrene in pale buff needles, m. p. 255—260° 
(Found: C, 62-7; H, 3:1; N, 10-4. C,,H,O,N, requires C, 62-7: 
H, 3-0; N, 10-4%). 

9-Phenanthrylaminoacetonitrile—A solution of 9-aminophen- 
anthrene (2 g.) and potassium cyanide (1-5 g.) in formaldehyde 
solution (3 c.c. of 40%), alcohol (30 c.c.), and water (10 c.c.) was 
boiled under reflux for 24 hours, and water was then added until 
the solution became slightly cloudy. The solid which separated on 
cooling, together with a further crop obtained by evaporating the 
mother-liquor (total, 1-8 g.), was crystallised from xylene and then 
from methyl alcohol; 9-phenanthrylaminoacetonitrile separated in 
light brown needles, m. p. 231—235°, which tenaciously retained a 
molecule of solvent (Found in material dried at 100°: C, 76-7; 
H, 6-1; N, 10-7. C,,H,.N,,CH,°OH requires C, 77:3; H, 61; 
N, 10-6%). When this substance was heated under reflux for 
3 hours with boiling 10° sodium hydroxide solution, ammonia was 
evolved, and acidification of the solution yielded a white precipitate 
of 9-phenanthrylglycine, m. p. 199—201°, which dissolved readily 
in methyl and ethyl alcohols, forming fluorescent solutions. The 
yellow solution of this acid in boiling acetic acid rapidly deposited 
a brown flocculent precipitate, possibly 2 ; 5-diketo-1 : 4-di-(9’-phen- 
anthryl)piperazine, which separated from xylene as a brown micro- 
crystalline powder, m. p. 203—206° (decomp.), and was soluble in 
warm, though insoluble in cold, sodium hydroxide solution. 

When a mixture of formaldehyde solution (0-6 c.c. of 40%) and 
acetic acid (3 c.c.) was added to a solution of 9-aminophenanthrene 
(1-4 g.) in acetic acid (14 c.c.), a yellow powder separated immedi- 
ately. It was insoluble in the usual solvents, but crystallisation 
from nitrobenzene or anisole yielded a very small amount of yellow 
prisms, m. p. above 320°, which may have been diphenanthracridine 
(Found : C, 90:2; H, 5-3. Calc. for C,gH,,N: C, 91-8; H, 45%) 
or a complex acridine derivative. 


Our thanks are due to the Chemical Society for a grant which 
partly defrayed the cost of this investigation Tur Dyson Perrins 
LaporaTory, Oxrorp. [Received, July 30th, 1929.] 
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CCCXVITI.—The Mean Life of the Catalyst postulated 
in the Photochemical Union of Chlorine and 
Hydrogen. 


By Davip Lzonarp CHAPMAN and Paiwie PowELL GRIGG. 


In a recent communication by the authors (J., 1928, 3233), experi- 
ments were described which showed that when a mixture of equal 
volumes of chlorine and hydrogen is exposed to white light of 
constant intensity, combination of the constituent gases occurs more 
slowly in a narrow capillary tube than in one of wider diameter. To 
explain the effect we postulated that the union of chlorine and 
hydrogen is due to an unstable catalyst, and that this is destroyed 
when it comes into contact with glass or a film of water., In order 
that the surface inhibition may be measurable, the normal mean life 
of the catalyst must be of the same order of magnitude as the average 
time taken by the catalyst molecules produced within the reaction 
chamber to reach the surface, and the effect will be more pronounced 
when the ratio of the mean life to the diffusion time is large. 

It may be stated immediately that the results obtained in this 
investigation do not, so far as we can see, give any indication of the 
nature of the catalyst, and it may therefore, for the present purpose, 
be looked upon as a chain of alternately formed chlorine and 
hydrogen atoms, as Nernst and Bodenstein assume, or as unstable 
nuclei of unknown structure. It is, however, to be regarded as the 
carrier of energy derived initially from a quantum, and the dissip- 
ation of the energy and the destruction of the catalyst are to be 
considered as being necessarily the same event. 

The following assumptions and approximations are made : (1) The 
rate of formation of the catalyst is for light of the same quality 
proportional to the energy absorbed. (2) The catalyst is everywhere 
removed at a rate proportional to its concentration. (3) The rate of 
reaction is proportional to the concentration of the catalyst. (4) The 
diffusion of the catalyst follows the same laws as that of a single 
substance. (5) The intensity of the light, and therefore the rate of 
formation of the catalyst, is uniform throughout the illuminated gas. 
(6) Every catalyst molecule which comes into contact with the walls 
of the vessel is destroyed. 

The assumptions (1), (2), and (3) have been previously made, and 
are supported by the fact that the rate of reaction is proportional to 
the intensity of the light; (4) and (5) are approximations, (4) being 
probably true provided that the proportion of chlorine to hydrogen 
in the mixture remains the same. The error due to (5) cannot be 
estimated, but it is probably small. Assumption (6) is a working 
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hypothesis, for which the results of this survey of the phenomenon of 
surface inhibition furnish some justification. It will be obvious that 
the establishment of its complete truth could only be given by 
precision experiments, which in-the present state of our knowledge 
would be difficult to perform. 

The symbols used in the analysis of the theory are the following : 


a = the radius of the tube; 
C = diffusion coefficient of the catalyst through the gas ; 





ited 
and 










tes A = light absorbed per unit volume in unit time ; 
ore : 
To e = concentration of the catalyst ; 





# = concentration of the inhibitor ; 
k, = coefficient of rate of formation of catalyst ; 
ke = coefficient of rate of destruction of catalyst by inhibitor. 






Using Cartesian co-ordinates, consider the action in an element of 
volume da.dy.dz. When the steady state has been reached, the con- 
centration of the catalyst is maintained constant from three causes ; 

(L) Gain by formation, viz., kyA .da .dy .dz per sec. 

(2) Loss by destruction by inhibitor, viz., k,wp .dx .dy .dz per sec. 

(3) Gain by diffusion, viz., C.y%p .dx .dy .dz per sec. 

Therefore in the steady state 

C.y%e+khA—kop=0. 2. 2... (I) 

If the action is taking place in a circular cylindrical tube of infinite 
length, the above equation, after application of the conditions for the 
symmetry imposed, is transformed into 
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in which r is the distance from the axis of the tube. 
This differential Rc rt can be solved as a series in the form 


4 Be B36 kA 
p= (14 Se oe + Saga + oe-ge get - ‘ i) pS s . (3) 


where B = k,w/C and S is a constant. 
By the working hypothesis (6), p = 0 when r = a, therefore 
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If 6 is the average concentration of the catalyst throughout the 
tube, 
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whence, after insertion of the value of p given by equation (4), 


Ba? Brat \ 
l+tot+toegt----- kA 


6=(1— Fes + 6) 
Ba® Brat 
1+ Se + sega t+ 





which may be expressed in terms of Bessel functions with an 
imaginary argument 
a 21 1) = 
B ian (1 — ie) = Fa) )sigoeda uivil = (7) 
where x = aV B. 
By hypothesis, the rate of reaction varies as 6, therefore, 


Rate in a tube of radiusa, — F(x,) (8) 
Rate in a tube of radiusa, F(x,)° ° ~ 
If the experimental conditions (e.g., intensity of light, com- 
position, etc.) are the same for both tubes 





B,[%q = Gy [Gg ee? (YD) 


Now, by plotting F(x) against x, values of x, and 2, can be found 
to satisfy equations (8) and (9), and thus the value of B for a given 
mixture can be determined. 

In an infinitely wide tube (except very near to the surface), p has 
a constant value, viz., that given by the quotient k,A/k,. Further- 
more, in such a tube the mean life of the catalyst is the quotient of 
its concentration by the rate of its formation or the rate of its 
destruction, the two last magnitudes being for this case equal to one 
another. Therefore for an infinitely wide tube the mean life of the 
catalyst 

= p/kwp = 1/BC. 

In a narrow tube the removal of the catalyst is almost entirely 
effected by collisions with the walls, and inhibitors such as oxygen 
have only a small effect. This is shown by equation (6), which 
reduces to 

B= bk, AMIS. 6 ke ee (10) 
when a@ is small. Thus, for a sufficiently narrow tube the rate of 
formation of hydrogen chloride per unit volume ought to be inde- 
pendent of the concentration of an inhibitor such as oxygen, and 
proportional to the square of the radius of the tube. 


EXPERIMENTAL. 


The determinations were conducted with the simple apparatus 
previously described (loc. cit.). It consisted of a hermetically 
sealed U-tube, one limb of which was a wide tube (2-0—2-5 cm. 
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internal diameter) and the other a narrow tube of the same length 
whose internal diameter varied in the different experiments from 
0-05 to 0-50 em. About 2 c.c. of water were introduced into the 
apparatus to dissolve the hydrogen chloride formed, and to serve as 
an index. 

The following is a brief account of the procedure finally adopted. 
The actinometers were filled with equimolecular mixtures of chlorine 
and hydrogen, the usual precautions being taken. Immediately 
after being filled, the actinometer was sealed and detached from the 
rest of the apparatus. In doing this on the capillary-tube side of the 
actinometer, the glass was not pulled away in the usual manner, but 
after being sealed, was pushed back into position and carefully 
melted in with a very small flame. By cutting the tube about 1 cm. 
above the seal, the actinometer was left with a short glass extension, 
to which a rod could later be sealed to serve as a handle. 

The actinometer was next placed in a small electric heater and 
maintained at 130° for 10 hours, in order to destroy all traces of 
destructible impurities. After cooling, all liquid was expelled from 
the capillary tube by passing steam over it. The actinometer was 
then immersed in a thermostat and kept at 25° for several hours. 
During this time it was repeatedly shaken, in order completely to 
saturate the water it contained with chlorine. After the removal 
of the actinometer from the thermostat, a little water, which was to 
serve as an index, was allowed to enter the capillary tube. The glass 
rod already mentioned was then sealed to the extension of the 
capillary tube, and by means of this the actinometer was firmly held 
in a bath containing a mixture of bromobenzene and xylene having 
the same refractive index as the glass of the actinometer. The 
actinometer was held in the bath in such a manner that either limb 
could be exposed to light at will. The whole was placed in a thermo- 
stat kept at 25°. The object of immersing the apparatus in the 
iso-refractive liquid was to ensure that the conditions of illumination 
should be the same for the two tubes. In conducting the experi- 
ments, the tubes were illuminated with a 40-watt gas-filled lamp 
placed at a distance of 30cm. The current used to heat the filament 
of the lamp was maintained constant by a rheostat and sensitive 
ammeter. The movement of the meniscus in the capillary tube was 
observed with a small cathetometer. By operating in this way, the 
combination in the wide tube is measured as a change in pressure at 
almost constant volume, and that in the capillary tube as a change 
in volume at almost constant pressure. Before an exposure to 
light, the reading of the meniscus in the capillary tube was not taken 
until we were satisfied that the index was stationary and that 
equilibrium had been established, and after an exposure the final 
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reading was not taken until 12 hours had elapsed. The rate of 
combination during an exposure to light was calculated on the 
assumption that the rate is proportional to the pressure (compare 
M. C. C. Chapman, J., 1923, 123, 3062), but owing to the very small 
range of pressure over which the determinations were made, any 
deviations from this law would introduce only very small errors in 
the final results. 

A filled actinometer was generaiiy used to make a series of observ- 
ations during the course of which the pressure fell in some cases as 
low as 0:25 atm. The pressure during any one determination could 
be estimated from either the initial or the final pressure and the 
recorded movements of the index during the intermediate deter- 
minations. The measurement of the final pressure was made in two 
ways: (1) by opening the wide tube and observing the contraction 
of the gas in the capillary tube, and (2) by analysing the contents of 


the actinometer. 
Results. 


The theory [see equation (10)] requires that in a sufficiently narrow 
tube the rate of reaction shall be indépendent of the concentration 
of oxygen. The results of two experiments quoted below are in 
agreement with this requirement. In a narrow tube filled with 


electrolytic gas the rate of decrease of volume of the enclosed gas 
ought to be nearly proportional to the volume of uncombined gas, 
i.e., to the light absorbed, whereas in a wider tube, in which the 
oxygen can exert its usual inhibitive effect, the rate of decrease in 
volume ought to be proportional to the square of the volume of 
uncombined gas, since during the combination the concentration 
of the oxygen and the volume of uncombined gas are in inverse ratio. 
The results of the two experiments are tabulated below. In the 
table k, = (logl, — log /,)/(t, — t;), and k, = (1/1, — 1/l,)/(t, — t,), 
where 1, and 1, are the initial and final lengths of the tube filled with 
gas, and ¢, and ¢, are the initial and final time (in minutes). With 
the narrow tube, k, is more nearly constant than k,, whilst with the 
wide tube the reverse is the case. 

The best test which we can give at present of the approximate 
accuracy of the theory is the fact that the quotient of the mean life 
of the catalyst by the sensitivity of the electrolytic gas is at the same 
pressure a constant, i.e., that L/R x (a function of the pressure) is 
constant, where J is the mean life and R the sensitivity. That this is 
true for wide ranges of the magnitudes ZL and R is shown by the 
final results recorded in Table II. It must here be pointed out that 
the function of the pressure P, viz., P®, which agrees with the 
experimental results, is not entirely in accord with expectation. 
In an infinitely wide tube Lecp/A ; but for electrolytic gas A is nearly 
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TABLE I. 


Narrow capillary tube Wide capillary tube 
(a = 0-035 cm.). (a = 0°282 cm.). 

i,mins, J,em. k,x10*. kyx 104 t, mins. l,em.: ky 10*.. ky x 104. 
11-81 5:86 — 
11-63 5-38 152 
11-45 5-01 137 
11-28 4:67 145 
10-94 4-38 142 
10-74 4-13 138 
10-59 3°91 136 
10-39 3-73 123 
10-25 3-54 144 
10:01 3:38 134 
9-86 3-11 128 

9-72 

9-50 

9-30 

9-16 
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proportional to P, and therefore Loce/P. Now, according to the 
most approved theories of the mechanism of the change, R should be 
proportional to the concentration of the catalyst and to the con- 
centration of the electrolytic gas, or RocpP. Therefore we should 
have L/RocP~, whereas our experiments indicate that L/RoP-*. 
It is hoped that when the technique has been revised and rendered 


more accurate an explanation of this difficulty will be found. 


TaseE Ii. 


Rate in Rate in 
Radius wide tube, capillary, 
of Pressure, R= r= Mean 
capillary, Is —dP/dt —ap[dt life, L/Rx 
a, cm. em. Hg. x 103,* x 10?.* L, sec. prs, R/Ry. 
0-085t 73-5 18-5 9-93 0-00186 466 0-958 
0-041 78-0 81-9 4°57 0-014 918 0-885 
0-038 76-0? 88-2 3:98 0-015 856 0-892 
0:043+ 76-0 3-95 1-95 0-0065 829 0-978 
0-073 65-0 363 145 0-062 582 0-750 
52-6 265 0-081 613 0-686 
48:5 228 0-089 639 0-665 
0-197 62-2 62-8 0-0096 467 0-894 
. 51-6 0-011 507 0-882 
0-041 110 0-024 489 0-826 
0-071 . 123 0-024 672 0-847 
. 88-7 0-025 757 0-839 
54-5 0-044 885 0-747 
45:1 0-038 688 0-749 
0-102 53-5 0-012 665 0-882 
47-7 0-014 600 0-864 
34-6 0-012 590 0-863 


* The rates are given as changes of pressure per minute on the assumption 
that the volume is kept constant. The unit of pressure is taken as that 
exerted by a column of mercury 1 cm. high. 

+ Oxygen added. 
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In order to calculate the mean life of the catalyst, a value had to be 
assumed for its diffusion coefficient through a mixture of equal 
volumes of chlorine and hydrogen at atmospheric pressure. The 
value of this constant probably lies between 0-1 and 0-5. We have 
throughout assumed it to be 0-3. 

It will be seen that at the same pressure L/R was approximately 
constant, although R was varied from 3-9 to 360. 

In the last column of the preceding table the calculated degree to 
which the reaction is inhibited by the glass surface of a tube of 2 cm. 
internal diameter is recorded, the figures given being the ratio of the 
rate of reaction in such a tube to that in a tube of infinite diameter, 
it being of course assumed in the calculation that the intensity of 
illumination is uniform and the same for both tubes. This ratio is 
smaller the lower the pressure and the greater the sensitivity of the 
gas. For the most sensitive mixture the value of the ratio at 
atmospheric pressure is about 80%. 

An examination of the table discloses the fact that the mean life 
-always increases with decreasing pressure. This appears to show 
that one or both of the interacting gases have an inhibitive effect, a 
conclusion which is supported by the observation of M. C, C, Chap- 
man (loc. cit.) that hydrogen can act as a weak inhibitor. 

The results obtained by us are consistent with those of Weigert 
and Kellermann (Z. physikal. Chem., 1923, 107, 1), who made the 
first attempt to estimate the life of the catalyst which is formed when 
electrolytic gas is exposed to light. 


THE Jesus CoLtLeGE LABORATORY, 
OxFORD. [ Received, July 23rd, 1929. 





CCCXIX.—Tesla-luminescence Spectra. Part VIII. 
Some Halogen-substituted Derivatives of Benzene. 


By Atrrep Russett and ALFRED WALTER STEWART. 


It has previously been reported that no light emission could be 
detected when chlorobenzene vapour was excited by the high- 
tension discharge from a Tesla transformer (J., 1923, 123, 2155). 
A careful re-examination of chlorobenzene has shown, however, that 
it does give a feeble emission consisting of 12 sharp narrow bands 
between A 2955 and 2 2745. As would be expected, fluorobenzene 
gives a much more complete spectrum than chlorobenzene, there 
being at least 45 sharp bands extending from 3425 to 2 2578; 
moreover, both spectra are in the same region and differ only in 
intensity, that of chlorobenzene being much fainter, and both fade 
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towards the red end, the ultra-violet limit being sharp. This sharp 
ending is evidently due to absorption, since by diluting the vapours 
with aleohol vapour and so reducing the amount of absorption, it 
was possible to measure a number of additional bands that did not 
appear when the pure vapours were used. No light emission at all 
has been detected in the cases of bromobenzene and iodobenzene. 
Both o- and p-dichlorobenzene gave spectra in the green region as 
well as in the-ultra-violet. m-Dichlorobenzene only gave a feeble 
emission in the green that could not be photographed. The chloro- 
toluenes and p-fluorotoluene all give both ultra-violet spectra and 
very intense spectra in the green region. 

The presence of a halogen atom in the ring, as in the cases of 
p-chloroacetophenone, the chloroanilines, and the chlorophenols, 
has only a weakening effect, the spectra being merely those of the 
parent substances but containing fewer bands, except in the case 
of phenol and o-chlorophenol. In the spectrum of phenol six bands 
have been measured (J., 1923, 123, 2854); o-chlorophenol gives a 
faint spectrum containing 14 bands, of which 5 coincide with bands 
in the spectrum of phenol, the other phenolic band being missing. 
The spectrum of p-chlorophenol is a continuation of that of phenol 
towards the visible region, and its bands coincide with bands in 
the spectrum of the o-chloro-compound. 

In all the banded spectra obtained, it has been found that a 
simple wave-number relationship holds between the bands, the 
series of bands, for any one compound, being divisible into groups, 
the members of which exhibit a constant difference from their 
congeners in the other groups. It has also been established that . 
where a compound gives a green in addition to an ultra-violet 
spectrum, the bands in the green fall into the same series as those 
in the ultra-violet, congeners showing a constant difference from 
one another. From this it seems that the green spectrum, when it 
is obtained, is merely the projection of the ultra-violet spectrum 
through a definite interval. 

The point is made clear by comparing the wave-numbers per mm. 
of the green and ultra-violet spectra of p-chlorotoluene : 







Wind a iden ie 








a Ie thd tl) oy pole 






































Bands in u.-v. spectrum ...... 3514 3505 3460 3435 3426 3353 
Bands in visible spectrum ...... 2174 2166 2120 2098 2083 2020 
DEBGUGRGOS © 2. cccccesserscccesccsess 1340 1339 1340 1337 1343 =: 1333 












Corresponding bands in the groups, either in the ultra-violet or 
the green, differ by v 80, and the bands in the green differ from 
their congeners in the ultra-violet by v 1340. For p-xylene the 
corresponding differences are v 83 and v 1320. For p-fluorotoluene 
the differences are the same as for the p-chloro-compound. 

4n2 
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Experimental Results —Wave-numbers only of the bands are 
given, and the bands, in each case, are arranged in groups, the 
differences between corresponding bands being given in parentheses, 

Chlorobenzene. This gave a faint spectrum consisting of 12 sharp 
narrow bands arranged in pairs, the difference between corresponding 
bands being v 104. 

Group 1. 2. 3. 
3643 (103) 3540 (101) 3439 
3635 (102) 3533 (103) 3430 
3603 (106) 3497 (105) 3392 
3594 (106) 3488 (104) —- 3384 

Fluorobenzene. An intense spectrum was obtained between 
A 2578 and 4 3425 with bands measured at the following positions 
(those marked with an asterisk appeared only on diluting the 
vapour with alcohol vapour). 


Group. 1. 2. 3. ; 5. 6. 
a 3796* (97) 3699 (102) 3496 (102) 3394 
_ 3791* (96) 3695 90 300 
3883* (102) 37. (100) 

3871* (100) ut} (99) 


3681 (100) 3477 (102) 3375 
3672 1 _ -- 
3656 (99) 3455 = 
100) 3651 — - 
3839* (100) 3636 (102) 3433 (102) 3331 
- 3727 (99) 3628 (99) 3529 -- — 
3821* (100) 3721 (105) 3616 (102) (101) 3413 (104) 3309 
The difference between corresponding bands is nearly v 100. 
0-Dichlorobenzene. This compound gave a visible green spectrum, 
which could not be photographed, and a spectrum in the ultra-violet 
between A 2915 and A 3310 containing six indistinct bands. 
Group 1. 2. 3. 
3492 (108) 3384 (108) 3276 
3461 (110) 3351 (107) 3244 
The wave-number difference between corresponding bands is 
v 108. 
m-Dichlorobenzene. A faint visible green spectrum was obtained, 
which could not be photographed, but no ultra-violet spectrum. 
p-Dichlorobenzene. This gave a visible green spectrum, which 
could not be photographed, and a spectrum in the ultra-violet 
between A 2915 and 1 3310. In the latter, 8 bands were measured, 
6 of them being identical with the bands in the spectrum of the 
o-compound. 
Group 1. 2 3 4 


os 3491 (107) 3384 (108) 3276 
3570 (110) 3460 (109) 3351 (107) 3244 
40 at soe wn 


Mtr iigis 


The wave-number difference between corresponding bands is 
v 108. 
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o-Chlorotoluene. The strong banded spectrum in the visible has 
been photographed. between 2 4606 and d 4951, but extends con- 
tinuously to the red limit; there is also an ultra-violet spectrum 
between A 2808 and A 3400. Bands are measured as follows: 
visible, 1 2157, 2093; ultra-violet, 3551 and 3544. 

m-Chlorotoluene. A fairly intense continuous spectrum in the 
ultra-violet between A 2773 and 4 3356 appears to be accompanied 
by a faint green spectrum, which was not photographed. 

p-Chlorotoluene. An intense spectrum in the visible extending to 
the red limit was photographed between 4600 and A 4951 with 
bands at the following positions : 

Group 1. 2. 3. 
2174 (76) 2098 (78) 


2166 (83) 2083 es 
2120 — pat Bo 


The difference between corresponding bands appears to be v 80, the 
large variation being accounted for by the breadth of the bands. 
In the ultra-violet there is an intense banded spectrum between 
i 2823 and A 3535 : 
Group 1. 2. 3. 
3514 (79) 3435 (82) 3353 
3505 (79) 3426 16 
3479 (79) mob (79) 3321 
3460 — wnt 
The wave-number difference between corresponding bands is v 80. 
p-Fluorotoluene. An intense visible spectrum extending from the 
green to the red limit had bands as follows : 
2131 2122 2102 


ones —_— 2026 
_ _ 76 


The wave-number difference appears to be 80, but the breadth of 
the bands renders the values somewhat uncertain. 

Theré is, in addition, an intense, well-banded, ultra-violet spectrum 
extending from % 2657 to A 4115: 


Group I. 2. 3. 4. 
3655 (82) 3573 (83) 3490 — 
3641 (79) 3562 (84) 3478 -- 
3635 (80) aa (83) 3482 (81) 3391 
—_ 3536 — — 
3602 (86) 3516 (79) 3437 -— 
3593 (82) 3511 (81) 3430 — 
3580 (80) _ (81) — (81) 3338 


The wave-number difference between corresponding bands 


appears to be 81-5. 
o-Chlorophenol. A faint ultra-violet spectrum had broad bands 
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which were measured at the following positions (the mean between 
the edges of a band has been taken as its position). 
Group 1. 2. 3. 4. 
— — 3385 (104) 3281 
—_ ~ 3369 (109) - 3260 
— 3446 (98) 3348 —_ 
3528 (99) 3429 (100) 3329 (106) 3235 
3507 (100) 3407 (103) 3304 (105) 3199 
p-Chlorophenol. A faint ultra-violet spectrum between 2930 and 
4 3750 had diffuse bands at 2A 3394, 3369, 3355, 3328, 3310, 3413, 
the mean of the two edges of a band being taken as its position. 
Chloroanilines. The isomeric monochloroanilines all give similar 
spectra that appear to be just the aniline spectrum modified by the 
presence of the halogen atom in the ring. All three give faint 
continuous spectra with no lines or bands, the approximate limits 
being given together with those of the aniline spectrum for com- 
parison. 
o-Chloroaniline. m-Chloroaniline. p-Chloroaniline. Aniline. 
3175—3515 3005—3758 3098—3844 2982—3875 
The spectrum of aniline is much more intense than those of the 
chloroanilines. -Chloroaniline gives the most intense spectrum of 
the three halogen-substituted products, that of the o-isomeride 
being the weakest. 


THE Str Donatp CurRiI£ LABORATORIES, 
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CCCXX.—The Fluorescence Spectra of the Vapours of 
Fluorobenzene and p-Fluorotoluene. 


By Mary W. Monypeny and ALFRED RUSSELL. 


ConTRARY to previous report (J., 1923, 123, 2155), it has been 
found that chlorobenzene and most chlorine-substituted derivatives 
of benzene having the chlorine atom in the nucleus emit character- 
istic spectra when their vapours are subjected to the high-tension 
discharge from a Tesla transformer. The spectra, in the same 
circumstances, of fluorobenzene and p-fluorotoluene are similar to 
those of the corresponding chloro-compounds but are much more 
completely developed. It seemed of interest, therefore, to examine 
the spectra, if any, emitted by these fluoro-compounds under the 
influence of ultra-violet light, since benzene and its simple sub- 
stitution products emit identical spectra when their vapours are 
excited either by the high-tension discharge or by the short waves 
from a mercury lamp (Marsh, ibid., p. 3315, etc.). The apparatus 
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employed in this investigation was identical with that described by 
Marsh (loc. cit.). 

The fluoro-compounds were prepared by Wallach’s method, in 
which the diazopiperidide of the corresponding amine is decomposed 
with concentrated aqueous hydrofluoric acid; 15% of the theoretical 
yield of the fluoro-compound was obtained in each case and 40 g. 
of each compound were prepared. Before examination the purified 
fluoro-compound was diluted with alcohol (80 g.) that had been 
carefully purified and showed no absorption above 4 2200. This 
results in a dilution of the vapour of the compound with nonactinic 
alcohol vapour and so reduces absorption effects. 

Both compounds that have been examined in detail give well- 
banded spectra in the ultra-violet, identical with their Tesla- 
luminescence spectra but containing fewer bands. In the spectrum 
of fluorobenzene, 22 sharp bands are measured in the ultra-violet ; 
these fall into groups showing an identical arrangement with the 
bands in the Tesla-luminescence spectrum. Differences in the 
position of bands in the two cases are due to errors of measurement. 
The spectrum of p-fluorotoluene shows 18 bands, which again are 
identical with those in the Tesla spectrum. No part of the fluores- 
cence spectrum can, however, be identified with the bands in the 
green region found in the Tesla spectrum. 


Fluorobenzene. 


Fluorescence 3724 3720 
Luminescence 3727 3721 


Fluorescence 3599 3590 
Luminescence 3598 3590 


p-Fluorotoluene. 
Fluorescence 3573 3555 3536—3636 3516 3490—3390 
Luminescence 3573 3555 3638 3511 3390 


Experimental Data.—Fluorobenzene. No relationship can be seen 
between the various wave-lengths, but the wave-numbers per mm. 
can be grouped as shown : 


B. C. 

_— 3599 
3690 (100) 3590 
3686 
3678 


3665 (100) 
3662 (101) 
3652 
3646 
3641 
3635 (101) 
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The wave-number differences are given in brackets. Correspond. 
ing bands in adjacent groups differ by nearly v 100. 

p-Fluorotoluene. No relationship can be traced between the 
wave-lengths of the various bands, but they can be grouped in two 
ways to show a simple wave-number relationship. In one case 
corresponding bands in the adjacent groups differ by v 100, and in 
the other by v ca. 80. 


Arrangement (1). 


B. 
3597 
3594 
3588 


3573 
3569 
3555 
3544 
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3511 
3507 
Arrangement (2). 
A. B. . 
3682 (75) 3597 (84) — 


3673 (79) 3594 (83) 3511 
3588 (81) 3507 
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ws 9 
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3659 (86) 3573 sa 

3650 (81) 3569 am 

3638 (83) 3555 (81) 3474 (84) 
ons 3544 (84) 3460 
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CCCXXI.—The Combination of Hydrogen and Oxygen 
on the Surface of Nickel. 


By ReainaLtp Paut DonneELLy. 


THE investigation of the combination of hydrogen and oxygen on 
the surface of nickel has been undertaken as a sequel to the study 
of the same reaction on platinum (Donnelly and Hinshelwood, this 
vol., p. 1727). The mechanism of the heterogeneous reaction in the 
present case is different, however, and further,-no evidence has been 
found that it initiates a homogeneous reaction spreading into the 
gas by a chain process. 

The apparatus and procedure were similar to those used in the 
former investigation. The nickel surface was provided by a wire, 
0-015 cm. in diameter (38 Imperial Standard Wire Gauge), stretched 
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axially in a cylindrical reaction vessel (2:0 cm. in diameter and 
about 15 cm. in length), which was connected to a mercury mano- 
meter, vacuum pump, and gas-holders. The ends of the wire, 
sealed through the glass, were connected in series with a storage 
battery, resistance, and ammeter, and in parallel with a voltmeter 
by means of which the temperature could be maintained steadily at 
any desired value. 

In any experiment, reaction was allowed to proceed in presence 
of the heated wire for a suitable time, after which the heating current 
was interrupted and the fall of pressure determined ; as the reaction 
vessel was kept immersed in ice and water, the measurements were 
made with the gas at 0°. Since the “‘ complete reaction curves ”’ 
(Fig. 3) are sensibly linear, the velocity of reaction may be measured 
by the average fall of pressure per minute for several intervals over 
the course of the reaction. It was found that individual measure- 
ments departed but little from the average, even when the rate of 
reaction reached values of 100—150 mm. (30—50% of the complete 
reaction) per minute. 

Experiments were made in series, in any one of which the effect 
of only one variable was investigated. Although the activity of 
the nickel surface rarely altered during any one series, the method 
of correcting for variations in activity (used in the case of platinum, 
loc. cit.) has been adhered to, “ blank ” experiments being performed 
under standard conditions of temperature and concentration 
between each pair of experiments, and the rate of reaction in any 
experiment being divided by the average of the preceding and 
succeeding “‘ blanks.” Rates are thus referred to the “ blanks ” as 
unity, and are tabulated in this way for convenience. 

In every experiment hydrogen was used in excess of the stoicheio- 
metric proportion required for complete combination with oxygen 
in order to prevent the latter gas burning the wire. 

In contrast with the results obtained with platinum, no evidence 
was forthcoming of initiation of chains from the hydrogen—oxygen 
reaction on nickel. In the first place a comparatively high rate of 
reaction could be obtained without its becoming non-isothermal and 
explosive. Also, exhaustive experiments, made over a series of 
rising temperatures up to the explosion temperature, have shown 
that argon and nitrogen have practically no influence either on the 
rate of reaction or on the explosion temperature. As with platinum, 
nitrogen peroxide was found to poison the heterogeneous reaction, 
so that its influence on any homogeneous reaction could not be 
apparent. Finally, the constant slope of the line connecting log & 
and 1/T7'aps. (Fig. 4) indicates that there is no homogeneous reaction 
superimposed on the heterogeneous reaction; for, if it existed, 
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such a reaction would become more pronounced with increased 
temperature. 

Previous investigations of the combination of hydrogen with 
oxygen on nickel have been made by the “ flow method,” but this 
does not allow the different factors affecting the rate to be varied 
as easily and systematically as does the “ hot-wire ’’ method used 
in the present experiments. In agreement with Bone and Wheeler 
(Phil. Trans., 1906, A, 206, 1), it is now found that the rate is 
independent of the pressure of oxygen, and increases directly as the 
pressure of hydrogen. These authors suggested that the increase 
of rate with hydrogen pressure is accounted for by variation in the 
adsorption of hydrogen by nickel. This metal, however, readily 
becomes saturated with hydrogen, and the perfectly linear increase 
of rate with hydrogen pressure, maintained up to pressures which 
are probably beyond the saturation point, suggests rather that the 
reaction does not depend upon the adsorbed hydrogen, but is 
brought about by collision of hydrogen molecules with adsorbed 
oxygen, which probably exists as a film of active oxide on the metal 
(see Bevan and Hughes, Proc. Roy. Sec., 1925, A, 117, 101; Larson 
and Smith, J. Amer. Chem. Soc., 1923, 45, 346; Benton and Emmet, 
ibid., 1926, 48, 632; 1924, 46, 2788). Benton and Emmet think 
that the mechanism of the reaction is the formation and reduction 
of an “incipient oxide’ on the surface of the nickel, the metal 
catalysing the reduction of the oxide by an interfacial process : 
by “‘ incipient oxide ”’ they seem to mean nickel oxide which has not 
lost the energy set free in its formation. 

Influence of Hydrogen at Constant Oxygen Pressure.—If the rate 
of reaction depends on the collision of molecules of hydrogen with 
adsorbed molecules of oxygen, it is governed by the rate at which 
molecules of hydrogen impinge on the catalytic surface. Thus (1) 
the rate should increase directly as the pressure of hydrogen, and 
(2) the relative increase of rate for a given increase of pressure 
should be independent of the temperature. Both these conditions 
are fulfilled, as is shown by the straight line in Fig. 1, which is based 
upon the following results obtained at several different temperatures. 

Influence of Oxygen at Constant Hydrogen Pressure.—The results 
in Table II show that the rate is independent of the partial pressure 
of oxygen down to 50 mm., but below this it falls off sharply, as 
shown in Fig.2. These two facts suggest that there is an equilibrium 
between adsorbed oxygen and gaseous oxygen of such a nature 
that the catalytic surface becomes saturated above a pressure of 
50 mm., but is sufficiently denuded at lower pressures (e.g., 10 
mm.) to cause a fall in the rate. 

The same behaviour is shown when any experiment is taken to 
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eased § completion: in approaching the end-point, the rate suddenly 
diminishes and then becomes inappreciable 3—4% short of the 
theoretical end-point, i.e, some oxygen remains uncombined. 
A comparison of the results obtained for Wire 3 at 218° (Table IT) 
with the figures at the bottom of Table III, which show a rough 
proportionality between rates of reaction and corresponding estimated 
oxygen pressures towards the end-points of Expts. 2 and 3, tends to 


support the above suggestion. 






with 
; this 
aried 
used 
eeler 
te is 
s the 
ease 
the 









— emp e » 









Fia. 2. Fie. 1. 


Relation between rate of Relation between rate of 
reaction and pressure of reaction and pressure of 

























































































dily a 
etd oxygen. yarogen. 
Lich | 
the 
° D 
) Is wa 
bed val ”? 
: 
tal by 
son = 
et, , 20 = 
nk = 
on & 
tal 1-0 
Ss: 
ot 
te 600 800 1000 
h Pressure of hydrogen (mm.). 
h  T = 200° (Wire 1). A T = 244° (Wire 3). } 
@® T = 218° (Wire 2). ~w m/e 5 
) T = 
Fi x T = 266° (Wire 2). (220°, 
’ TaBLeE I. 
s 
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, H,, mm. Rate. H,, mm. Rate. H,, mm. Rate. 
; 300 (1-0) 300 (1-0) 300 (1-0) 
400 1-2 400 1-57 600 2-05 
500 1-95 500 1-8 800 2-74 
800 2-61 





1000 3°3 










T = 266° (Wire 2). T = 240° (Wire 3). T = 220° (Wire 3). 
O, = 100 mm. O, = 100 mm. O, = 100 mm. 
H,, mm. Rate. H,, mm. Rate. H,, mm. Rate. 
300 (1-0) 300 (1-0) 300 (1-0) 
500 1-44 600 1-95 600 1-98 

600 2-05 





2-77 
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TaBieE II. 


T = 200° (Wire 1). *T — 218° (Wire 2). 
H, = 500 mm. H, = 500 mm, 
O,, mm. Rate. O,, mm. Rate. 

50 1-29 52 0-99 
100 1-03 100 (1-0) 
120 0-97 200 1-03 

200 (1-0) 


T = 266° (Wire 2). *T = 218° (Wire 3). 
H, = 500 mm. H, = 300 mm. 
O,, mm. Rate. O,, mm. Rate. 

52 1-0 100 (1-0) 
100 (1-0) 25 0-86 
200 0-9 13 0-57 

12 0-44 


* These results are plotted in Fig. 2. 
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The complete reaction curves (Fig. 3), in which the percentage 
of hydrogen combined, x (see Table III), is plotted against time 
(t, in mins.), seem to be of the first order with respect to the hydrogen, 
and would thus bear out the conclusions already reached, viz., that 
the rate is proportional to the pressure of hydrogen, Owing to the 
necessity of working with excess of hydrogen in all experiments, 
however, the full unimolecular form of the curves cannot be made 


apparent. 
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Taste ITI. 


Expt. 1. Expt. 2. Expt. 3. 
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The Temperature Coefficient of the Reaction—The temperature 
coefficient of the reaction has been measured over a range of 150°. 
The temperature at which any experiment is performed is calculated 
from the ratio of the corrected resistance of the wire during the 
experiment to its resistance at 0°, Somerville’s values of the temper- 
ature coefficient of nickel (Physical Rev., 1910, 34, 261) being used. 
The correction is to allow for the resistance of the cold ends where 
the wire is sealed into the reaction vessel. The results, which are 
given below, are plotted in Fig. 4 as 100/7',,,. against the Briggsian 
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logarithm of the rate relative to the “ blanks,” which were al] 
performed at a constant temperature of 245°. The temperature 
coefficient per 10° over the range 173—245° is therefore 1-34, and 
over the range 245—329-5°, 1-22. 

p 173° 191-5° 218° 245° 284° 297° 313° 329-5° 
Rate (mm./min.) ... 1-5 3-5 8-2 17 34 46:5 62:7 765 


Rate relative to rate 
0-12 0-233 0-494 (1:0) 1-88 254 4-18 56-45 


Summary. 


1, Systematic experiments performed on the effect of variations 
in the proportions of hydrogen and oxygen at various temperatures 
confirm the views of other workers that the combination of hydrogen 
and oxygen on nickel takes place by molecules of hydrogen striking 
adsorbed molecules of oxygen. 

2. No evidence has been obtained that the foregoing heterogeneous 
reaction initiates a homogeneous reaction spreading into the gas 
by a chain process, but in view of the marked difference between 
the mechanisms of the reaction on nickel and on platinum, this is 
not surprising. 

The author wishes to thank Mr. C. N. Hinshelwood for his 
valuable advice during the course of the work. 


PuystcaL CHEMICAL LABORATORY, BALLIOL AND TRINITY COLLEGES, 
OxFORD. [Received, August 7th, 1929.] 





CCCXXII.—Plant Cuticles. Part I (cont.). Modern 
Plant Cuticles. 


By Vernon Howes Leae and RicHarD VERNON WHEELER. 


In continuation of our previous work (J., 1925, 127, 1412), the 
behaviour of cutin from modern plants towards alkalis and oxidising 
agents, and on destructive distillation, has been studied for com- 
parison with the behaviour of cutin separated from coal (see Part II; 
following paper). The wax associated with the cutin in modern 
plant cuticles has also been examined, in view of the probable 
contribution to coal of similar wax associated with the cuticles of the 
coal measure plants. 

Our previous work was carried out with cuticle from Agave 
americana. Having exhausted our stock of this material, and being 
unable to obtain further supplies from the same source, we were 
fortunate enough to secure, through the kindness of the Public 
Works Department, Ashanti, a quantity of crude cuticle from 
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another species of agave, namely, Agave rigida. This cuticle was 
resolved, in the manner previously described (loc. cit., p. 1413), 
into (1) water-soluble material, 10%; (2) wax, 20%; (3) cellulose, 
15%; and cutin, 55%. ) 

Examination of the Cutin—Treatment of the cutin from Agave i 
rigida with alkalis resulted in the production of acid compounds 
substantially the same in quantity and kind as those from the cutin 
of Agave americana. 

Treatment with dilute nitric acid as an oxidising agent gave a 
60% yield of acid products, from which three types of acid have been 
isolated : (1) Insoluble in water, but readily soluble in cold alkali, 
corresponding on analysis with the formula C,,H, 90,; (2) insoluble 
in water and in cold alkali, formula C,,H,,0,; and (3) soluble in 
water. From the acids soluble in water, suberic acid was isolated 
in a pure state. A mixture of azelaic and sebacic acids in nearly 
equal proportion was also present. 

Treatment of the cutin with hydrogen peroxide in the presence of 
glacial acetic acid yielded the (No. 2) acid, C,.H,.05. 

On distillation in a vacuum, the cutin yielded 60% of condensable 
products containing approximately : saturated hydrocarbons, 38; 
unsaturated hydrocarbons, trace; aromatic hydrocarbons, 16; 
phenolic and acidic oils, 26; oxygenated compounds, 8; . ether- 
soluble resin, 4; chloroform-soluble pitch, 7%. A notable feature 
of the distillation was the high yield of hydrocarbons, about one 
quarter of the total distillate consisting of pentatriacontane, C,,H7», 
a hydrocarbon that has frequently been isolated, by extraction with 
solvents, from bituminous coals. 

Examination of the Wax.—The wax extracted by solvents from 




































rn 
the raw cuticle consisted mainly of monohydric alcohols, montanyl, 
C,gH,,0, and mellisyl, C37H,,0, predominating. Smaller quantities 
of saturated and unsaturated fatty acids, hydrocarbons, and resins 

1e were also present. 

2 EXPERIMENTAL. 


Resolution of Cutin by Oxidation—(1) With dilute nitric acid. 
100 G. of cutin were boiled under reflux with 6 1. of 30% nitric acid 
during 2 hours. The evolution of acid fumes had then ceased and a 
brown oil, which floated on the surface of the hot acid solution, had 
been formed. On cooling, the acid solution, from which a quantity 
of crystalline material had separated, was decanted and evaporated 
to dryness (yield, 5%); the oil had hardened to a pale brown crust. 
This was washed free from acid and dried (yield, 55%). 

Acids insoluble in cold water. The brown crust was treated with 
successive quantities of cold dilute alkali and filtered, until the 
filtrates were no longer coloured brown. 
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On acidifying the filtrates, a pale yellow flocculent precipitate 
was obtained. This was recovered from solution in warm ethy! 
ether as a pale yellow oil which formed a yellow translucent solid on 
cooling (soluble in ethyl ether, acetone, and ethyl alcohol; insoluble 
in light petroleum, chloroform, and benzene) (Found: ©, 65:5; 
H, 10-0. C,,H,,0, requires C, 65-0; H, 10-0%). Yield, 43%, 
The copper salt was insoluble in alcohol. The silver salt was pre. 
pared in the usual manner from the neutral ammonium salt (Found: 
Ag, 34-9. C,,H,303,Ag requires Ag, 35-1%). 

The residue, insoluble in alkali, was a white solid. This was 
suspended in dilute hydrochloric acid, filtered off, washed free from 
acid, dried, andextracted in a Soxhlet apparatus with light petroleum 
(b. p. 60—80°). Nearly all the material was soluble in the light 
petroleum and could be crystallised from that solvent. M. p., after 
recrystallisation, 85—86° (Found: C,:75-0; H, 12:0. CsH,,0, 
requires C, 74-6; H, 11-9%). Yield; 12%. The silver salt was 
prepared with some difficulty from a neutral solution of the ammon- 
ium salt, the slight solubility of the latter necessitating a large 
volume of solution (Found: Ag, 23-0. C,,H,,O,Ag requires Ag, 
23°4%). 

Acids sparingly soluble in cold water.. The material remaining 
after evaporation of the nitric acid solution consisted of a yellow 
crystalline solution contaminated with a little dark oil. After several 
recrystallisations from boiling water, the mixture was resolved 
into two principal portions : a white crystalline solid, m. p. 137— 
139° (Found: C, 55-4, 55:4; H, 80, 8-0. Cale. for C,H,,0,, 
suberic acid: C, 55:2; H, 8-0%), and a pale yellow, crystalline 
powder of indefinite m. p. 90—95° (Found: C, 58-0; H, 8-4. Calc. 
for C,H, ,0,, azelaic acid: C, 57-4; H, 85%, and for C,H, ,0,, 
sebacic acid : C, 59-4; H, 8-9%). 

(2) With hydrogen peroxide. 100 G. of cutin were kept in contact 
with a mixture of equal volumes of (100 vol.) hydrogen peroxide and 
glacial acetic acid at room temperature during 2 weeks. The acid 
solution was then decanted, and the residual cutin dried and ex- 
haustively extracted with acetone under reflux. From the acetone 
solution a yellowish-green solid was obtained. On submitting 
the residual cutin to a second treatment with hydrogen peroxide, a 
further quantity of acetone-soluble material was obtained (total 
yield, 50%). This was mixed with sand and extracted with light 
petroleum in a Soxhlet apparatus. The extract, after several 
recrystallisations, was a pale yellow powder, m. p. 83° (Found: 
C, 74:4, 74-5; H, 11-9, 12-0. C,,H,,0, requires C, 74-6; H, 11-8%). 
The silver salt was prepared from a neutral solution of the ammonium 
salt (Found: Ag, 23-7. C.H,,O,Ag requires Ag, 234%). The 





PART I. MODERN PLANT CUTICLES. 2447 


ethyl ester, prepared from the silver salt and ethyl iodide, separated 
from light petroleum as a white powder, m. p. 63° (Found : C, 76:1; 
H, 12-1. C,,H;,0, requires C, 76-1; H, 12-2%). 

Destructive Distillation of Cutin.—(1) Condensable products. 
30 G. of dried cutin were distilled under high vacuum in a vertical 
glass retort with inverted neck (see Holroyd and Wheeler, J., 1928, 
2669). The temperature was raised to 100° whilst the retort was 
being evacuated and thereafter, by increments of 50°, to 500°, the 
distillation lasting 10 days. A thin red oil condensed at 280°, but 
most of the condensable products were evolved between 300° and 
350° as & yellow oil which partly solidified on cooling. The distillate 
was dissolved in chloroform, filtered and recovered as a pale brown 
semi-solid (yield, 60% of the ash-free, dry cutin). This was fraction- 
ated in the manner described by Holroyd and Wheeler (loc. cit.) ; 
there were then obtained : saturated hydrocarbons, 38; unsaturated 
hydrocarbons, trace; aromatic hydrocarbons, 16; phenolic and 
acidic oils, 26; oxygenated compounds, 8; ether-soluble resin, 4; 
and chloroform-soluble pitch, 7%. 

A portion of the original distillate was dissolved in chloroform 
and shaken successively with 10% sodium carbonate and 10% 
sodium hydroxide solutions, whereby acidic compounds were 
removed. The residue of neutral compounds, free from solvent, was 
treated with successive small quantities of cold acetone on a filter 
until the filtrate was no longer coloured. The material insoluble 
in cold acetone, a brown powder, was repeatedly crystallised from 
hot alcohol, whence it was obtained as a white solid, m. p. 70—72° 
(Found: C, 85:4; H, 14:5; M, ebullioscopic in benzene, 483, 496, 
468. Calc. for C,;H,., pentatriacontane, m. p. 75°: C, 85-4; 
H, 14.5%; M, 492). Yield, 20% of distillate. 

(2) Gaseous products. 1. G. of dried cutin was distilled in a 
vertical glass retort, at 100° whilst the retort was being evacuated 
and thereafter at successive intervals of 50° up to 500°. The gases 
evolved over each temperature range were collected separately 
and analysed. The results (which should be compared with similar 
distillations of coal and coal-forming materials; see also Part IT) 
are recorded graphically in the figure. 

Examination of the Wax from Cuticle—50 G. of the wax, a pale 
green solid, were mixed with sand and extracted with light petroleum 
(b. p. 60—80°) in a Soxhlet apparatus. The extract (yield, 42-5 g. 
or 85%) was resolved by the same solvent into sparingly soluble 
and readily soluble fractions. 

The sparingly soluble fraction (37 g.), a white solid, m. p. 80— 
85°, was boiled during 2 hours with excess of 10% alcoholic 
potassium hydroxide. The solution was evaporated to dryness, 
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and the residue mixed with sand and extracted with light petroleum. 
The extract, which proved to be a mixture of wax alcohols, was 
acetylated by means of acetic anhydride and the mixed acetates, 
after the removal of a small quantity of resinous matter by boiling 
alcohol, were then divided into two portions by fractional crystallis. 
ation from light petroleum. The alcohols recovered from each 
fraction appeared to be contaminated with traces of hydrocarbons, 
obstinately retained. They were therefore converted into the 
corresponding acids, by mixing them with 1} times their weight of 
potash-lime, heating during 2 hours on an oil-bath at 260°, extracting 
Distillation of modern plant cutin in a vacuum. Gases evolved in c.c. per 
gram ash-free dry material. 
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the mixture (when cold) with light petroleum to remove hydro- 
carbons, and recovering the acids from the potassium salts in the 
usual manner. On recrystallisation from light petroleum, there 
were obtained : (1) A white crystalline powder (14 g.), m. p. 84— 
85° (Found : C, 79-3; H, 13-1. C,,H;,0,, the acid corresponding to 
montanyl alcohol, requires C, 79-2; H, 13:2%); and (2) a pale 
yellow, crystalline powder (12 g.), m. p. 82—83° (Found: C, 79-4; 
H, 13-5.! CypHg0., the acid corresponding to mellisyl alcohol, 
requires C, 79-6; H, 133%). The acids (8 g.) recovered from the 
saponifiable portion were freed from traces of unsaturated com- 
pounds by means of their lead salts. After recrystallising from a 
mixture of alcohol and water, they melted at 53—57° (Found: 
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0, 75-9; H; 12-6. Calc. for C,,H,,0,: C, 75-0; H, 125%. Cale. 
for CygH3,0,: C, 76-0; H, 12-7%). 

The principal constituents of the portion of the wax sparingly 
soluble in light petroleum thus appear to be montanyl and mellisyl 
alcohols, both free and combined with small quantities of stearic 
and palmitic acids. 

The portion of the wax readily soluble in light petroleum (5 g.) 
was @ pale green semi-solid. This was boiled with excess of 10% 
alcoholic potassium hydroxide, the solution evaporated, and the 
residue extracted with light petroleum, from which most of the 
material was recovered unchanged. This was resolved by means 
of ferric chloride in concentrated hydrochloric acid solution into 
semi-solid hydrocarbons (3 g.) and oxygenated compounds (1 g.), 
which were not further examined. 


DEPARTMENT OF FUEL TECHNOLOGY, 
SHEFFIELD UNIVERSITY. [Received, September 11th, 1929.] 





CCOCX XIII.—Plant Cuticles. Part II. Fossil Plant 
Cuticles. 


By Vernon Howes Leae and RicHaRD VERNON WHEELER. 


For the final stage of this research, the chemical examination of 
cuticle from bituminous coals, the collection of sufficient material 
presented difficulties. Fortunately, however, during the lengthy 
and laborious process of accumulating supplies of bituminous coal 
cuticles, we have been able to study similar material obtained from 
the so-called Papierkohle of Russia, which consists largely of readily 
separable cuticles. Belonging as it does to the Carboniferous 
period, this “‘ paper-coal ’” could reasonably be assumed to contain 
cuticles closely allied chemically to those in bituminous coal, so that 
their examination, coupled with the knowledge obtained from the 
study of modern plant cuticles, helped considerably towards 
elucidating the nature of the cuticular tissues that form such a 
conspicuous feature of many bituminous coals. 7 


(A) Cuticles from Papierkohle. 

For our original supplies of Papierkohle we are indebted to Dr. 
Marie Stopes, whose scheme of coal research (see Brit. Assoc. Rep., 
Newcastle, 1916), as exemplified by this work, we have followed. 
Later, Dr. Zalessky, on whose studies our knowledge of the character 
of the Papierkohle deposits mainly rests, kindly sent us a quantity 
of material from Tovarkovo, in Toula. 

The deposits of Papierkohle, so named by Auerbach and Traut- 





2450 LEGG AND WHEELER: PLANT CUTICLES. 


schold (Nouv. Mem. Soc. Imp. Natural. Moscou, 1860, 13, 1) because 
of their superficial resemblance to accumulations of sheets of brown 
paper, cover an area of many square miles in the Moscow basin and 
vary in thickness from less than one cm. to more than one m. The 
deposits are near the surface, being covered by a thin layer of 
either sand or clay. They occur principally in the three adjoining 
provinces of Kalouga, Toula, and Raizan, lying west: to east acrossif ( 
the Moscow basin about 100 miles south of Moscow. Geologists 
are agreed that the deposits belong to the lower Culm of Russia, 
corresponding with the lower carboniferous period of Wester 
Europe, but there is little agreement as to their mode of formation. 

Zalessky (Mem. du Com. Géolog., 1915, 125) at one time believed 
that the deposits resulted from the accumulation of remains of a 
single genus of plants, carried by chance to the shallower portions 
of the basin where, in running water, decomposition rapidly occurred 
with the formation of ulmins by all save the cuticles. Each suc. 
cessive layer of decomposed débris was retained in position by a 
covering of undecomposed material and, finally, by a layer of clay 
or sand, He now considers it more probable (loc. cit:) that the 
accumulation of stems that yielded the cuticles occurred in any of 
the sunken places surrounding the Moscow basin near the trunks 
of the corresponding trees, their interiors being destroyed as much 
by aerial decay as by maceration in swampy ground. Later, these 
sunken places became inundated with water, causing accumulated 
plant material, which now consisted mainly of the euticularised 
sheaths of twigs and separated fragments of cuticles, to-be carried 
away and deposited within the basin, The water, having percolated 
through marsh land rich in decaying vegetation, would be impreg- 
nated with ulmins, which would be deposited with the cuticles. 
A similar theory had been put forward by Renault (Bull. Soc. Hist. 
Nat. Autun, 1895, 3, 136), who suggested also, as another possibility, 
that the hollow places where trunks and branches of the trees had 
accumulated and undergone bacterial decay might at a later date 
have been filled with ulmin-bearing water. Zalessky does not 
support this akernative suggestion, because the deposits of paper- 
coal contain little, if any, woody material. 

When freed from ulmins, which may amount to over 80% of the 
mass, the fossil cuticles appear as thin, pliable fragments of dark 
brown colour. Earlier investigators recognised these as belonging 
to the stems and twigs of a single species of plants, and Zalessky 
has proved that species to be Lepidodendron Olivieri. 

The only previous chemical examination of the cuticles seems 
- to be an analysis recorded by Bertrand and Renault (Bull. Soc. Ind. 
Min., 1899, 13, 865); ©, 74-69; H, 9-75; N, 0-97; and O, 14-59%, 
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and an observation by Zeiller (Ann. Sci. Nat. Bot., 1882, 13, 217), 
which we confirm, that the cuticles are not attacked by boiling 
alkalis. 

Examination of Papierkohle from Toula.—The crude material, 
which was contaminated with sand and miscellaneous plant débris, 
was resolved into (1) ulmins soluble in ammonium hydroxide (35%), 
(2) ulmins insoluble in ammonium hydroxide (45%), and (3) fossil 
cuticles (20%). 

Photomicrographs showing the appearance of the cuticles are 
reproduced on Plate 1, in surface view in Figs. 1—3 and in section 
fin Fig. 4. The perforations of the surfaces of the cuticles were 
produced by the falling away of the leaf traces from the stems, and 
the narrow “tongues ’”’ of cellular material extending within the 
perforations (Figs. 2 and 3) are fragments of cuticle detached from 
the dorsal sides of the leaves. In the section, Fig. 4, which is highly 
.B magnified, cutin “teeth ” projecting from the inner surface of the 
cuticle are faintly visible (compare Fig. 4 of J., 1925, 127, 1412). 

As might be expected from their history, the fossil cuticles, 
unlike those from modern plants, contained neither water-soluble 
material nor cellulose. On extraction with organic solvents, how- 
ever, as much as 4% of wax was found to be associated with the 
cutin. 

Examination of the Fossil Cutin.—Treatment with oxidising 
agents yielded compounds of similar character to those obtained 
from modern cutin but of lower carbon-content, no doubt because 
the fossil cutin (C, 73%) was more resistant than the modern 
(C, 68%) and required longer treatment. With dilute nitric acid, 
a 50% yield of sparingly soluble and insoluble acid products was 
obtained. From the sparingly soluble fraction sebacie acid was 
isolated and from the insoluble fraction an acid to which the formula 
C,5H.,0, is assigned. This acid was also obtained on oxidising the 
cutin by hydrogen peroxide and by alkaline potassium permanganate. 

On distillation in a vacuum, the fossil cutin gave a high yield of 
condensable products (40%) of similar character to those from 
modern cutin. Details regarding these products, and of the gases 
accompanying them during the distillation, are given under ‘“‘ Experi- 
mental ” (see also Fig. 1). 

Examination of the Fossil Wax.—In marked contrast with the 
wax associated with modern cutin, that from fossil cutin consisted 
mainly of acids. From an examination of the limited quantity 
available it appeared that oleic acid and saturated oxy-aliphatic 
acids predominated. 
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(B) Cuticles from Bituminous Coals. 
Although cutieles are an easily recognisable and prominent 
constituent of most bituminous coals (clarains and durains), their 


Fie. 1. 


Distillation of fossil cutin in a vacuum. Gases evolved in c.c. m 
ash-free dry material. PA 
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mass contribution is usually small and the isolation of any con- 
siderable quantity is, in consequence, a lengthy process. We have 
succeeded in isolating, by a process of mild oxidation of the main 





Fic. 1.—Surface view of fossil cutin, Fic. 2.—Surface view of fossil cutin, 
showing perforations produced by showing ‘“‘tongues”’ of cuticular 
the falling away of leaf traces. ( X 4.) substance originally attached to the 

dorsal sides of the leaves. (X45.) 


Fic. 3.—Part of Fig. 2 more highly Fic. 4.—Section of fossil cutin in 
magnified. (xX 20.) which the remains of the ‘ teeth” 
on the inner surface of the cuticle 

are still visible. (X20U.) 


PLATE 1 


\7o face p. 2452. 





Fic. 1.—Surface view of cuticle iso- Fic. 2.—Surface view of another 
lated from Top Hard durain, show- cuticle from Top Hard durain. 
ing impress of cell structure and (x 60.) 
slomala. (X60.) 


Fic. 3.—As Fig. 1, more highly Fic. 4.—As Fig. 2, more highly 
magnified. (x170.) magnified. (x 170.) 
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mass of the coal, sufficient cuticles with which to carry out oxidation 
and distillation tests similar to those performed on cuticles from 
modern plants and from Papierkohle. 

The coal chosen was the durain from the Top Hard seam, Notting- 
ham (Found on pure coal: C, 83-0; H, 5-5%). About 50 kg. were 
partly extracted with pyridine in an autoclave and the residue 
was treated alternately with hydrogen peroxide and dilute ammonium 
hydroxide until all soluble ulmins had been removed. There 
remained the plant entities resistant to oxidation, namely, spore 
exines, cuticular tissues and miscellaneous plant structures. From 
these the cuticles were removed either by hand-picking or by air- 
elutriation. The yield, 2-5 g. (0-005%), did not represent the 
cuticle-content of the coal, since there was considerable loss during 
oxidation and by fragmentation. Photomicrographs of typical I 
cuticular tissues thus isolated are reproduced on Plate 2. The 
impress of the cell structure and the openings of the stomata remain 
undamaged. Referring to the Papierkohle, D. H. Scott (“‘ Studies 
in Fossil Botany,” p. 184. London, 1900) has observed: “‘ That a 
vegetable tissue should have come down to us, fresh and unaltered, 
from a period more ancient than that of the Coal Measures, is 
certainly one of the most remarkable among the curiosities of 
paleontology.”’ The same remark applies with equal force to the 
preservation, apparently unaltered, of cuticles in bituminous coals. 

On analysis, the cuticles, which had undergone some oxidation 
during their isolation, were found to contain: C, 65-2; H, 7-4; ash, 
49%. Traces of nitrogen and sulphur were also present. 

The results of oxidation and distillation tests, recorded under 
“ Experimental,” showed the cuticles to resemble closely those 
from Papierkohle and to be, therefore, not far removed in character 
from the cutin of modern plants. 
































EXPERIMENTAL. 
(A) Cuticles from Papierkohle. 

The crude Papierkohle (6 kg.) was treated with successive quantities 
of dilute ammonium hydroxide solution until the filtrate was no longer 
coloured brown. The residue was then repeatedly agitated with ~ 
water and the suspended cuticles were decanted from the heavier 
particles of insoluble ulmins, from which they could be readily 
separated. The final residue of cuticles, when dried, formed a mass 
of dark brown fragments (Found: C, 73-9; H, 11-4; N, 1-1; §, 
2-1; ash, 13-4%). Yield, 1-2 kg. or 20%. It was exhaustively 
extracted under reflux with (1) chloroform and (2) alcohol. The 
chloroform extract was a dark brown soft wax (yield, 1-5% of the 
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cuticles). The alcoholic extract was a pale brown hard wax (yield, 
25%). 

Resolution of Fossil Cutin by Oxidation.—(1) With dilute nitric acid. 
In a typical experiment, 100 g: of the fossil cutin were boiled under 
reflux with 4 1. of 30% nitric acid during 6 hours. An oxidation 
product separated as a dark brown oily layer on the surface of the 
hot acid solution. When cold, the acid solution, from which a 
quantity of crystalline material had separated, was decanted and 
evaporated to dryness (yield, 5%); the oil had hardened to a dark 
brown crust. This was washed free from acid and dried (yield, 
45%). 

Acids insoluble in cold water. The brown crust was powdered 
and repeatedly extracted under reflux with light petroleum (b. p. 
60—80°). From the hot filtered solutions, a pale yellow powder 
separated on cooling. This, after several recrystallisations from 
light petroleum, had m. p. 81—-82°. It contained neither nitrogen 
nor sulphur and appeared to be saturated (Found: C, 70-4; H, 
11-0. C,;H,,0, requires OC, 703; H, 10-9%).° Yield, 10%. The 
silver salt was obtained from the neutral ammonium salt (Found: 
Ag, 30:3. C,,H,,0,Ag requires Ag, 29:7%). 

The residue insoluble in light petroleum was a hard black mass, 
soluble in alkalis, alcohol and acetone and forming dark brown 
solutions. From alkaline solutions, the material was recovered 
unchanged on acidification. Attempts to resolve the lead, calcium, 
barium, and copper salts by solvents were unsuccessful (Found : C, 
65:8; H, 89; ash, 2-2%). Yield, 35%. 

Acids sparingly soluble in cold water. The residue from the 
nitric acid solution consisted of a reddish oil containing a crystalline 
solid in suspension. Separation by organic solvents was only 
partly successful, but several recrystallisations from boiling water 
enabled the solid to be recovered, m. p. 128—130° (Found: (, 
59-7; H, 9-4. Cale. for CygH,,0,, sebacic acid : C, 59-4; H, 8-9%). 

(2) With hydrogen peroxide. 100 G. of fossil cutin were added toa 
mixture of equal volumes of (100 vol.) hydrogen peroxide and glacial 
acetic acid and maintained at room temperature during 15 days. 
The acid solution was then decanted, and the cutin, which had 
become pale brown in colour, was dried and extracted with acetone 
under reflux. From the acetone solution a dark green solid was 
obtained. A second treatment of the residual cutin with hydrogen 
peroxide enabled further acetone-soluble material to be obtained 
(total yield, 40°). The whole of this material was extracted in a 
Soxhlet apparatus with light petroleum, in which it was only partly 
soluble. From the hot filtered solution a yellow flocculent precipi- 
tate separated on cooling and yielded after several recrystallisations 
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a pale yellow powder, m. p. 80—81° (Found: C, 70-6; H, 11-5: 
0,;HzgO3 requires C, 70-3; H, 10-9%). Yield, 22% of acetone 
extract. 

(3) With alkaline potassium permanganate. 50 G. of fossil cutin 
were boiled during 2 hours with 2} 1. of 5% potassium hydroxide 
solution containing an excess of powdered potassium permanganate. 
On filtration a red liquid was obtained which on cooling and acidific- 
ation yielded a yellow flocculent precipitate. This was washed 
free from acid, dried, ground with sand, and extracted in a Soxhlet 
apparatus with light petroleum. A white powder separated from 
the solution on cooling, m. p. after recrystallisation 82—83° (Found : 
0, 710; H, 109. C,,H,,0, requires OC, 70-3; H, 10:9%). The 
silver salt was prepared from the neutral ammonium salt (Found : 
Ag, 30-5. C,,H,,0,Ag requires Ag, 29-7%). The ethyl ester, 
prepated by interaction of the silver salt with ethyl iodide, was 
obtained as a white powder, m. p. 57—59°, after crystallisation from 
lightpetroleum (Found: C, 73-7; H, 11-4. C, gH,,0, requires C, 
73h; H, 115%). 

Destructive Distillation of Fossil Cutin—(1) Condensable products. 
35 G. of the dried cutin were distilled under high vacuum in the 
same manner as described for modern plant cutin (q.v.). Liquids 
first made their appearance at 265° and for the most part distilled 
at 300—350°. They were dissolved in chloroform, filtered, and 
recovered as a dark brown mobile oil (yield, 40% of the ash-free, 
dry cutin). After removal of acids, phenols and bases by the usual 
means, part of the oil was treated with small quantities of cold 
acetone. The insoluble brown residue was recrystallised from 
boiling alcohol and yielded a pale yellow solid hydrocarbon, m. p. 
68—71° (Found: C, 85:3; H, 14-1%). Yield, 6% of the total oil. 
A portion of the oil was fractionated by means of solvents and 
reagerits; there were then obtained : saturated hydrocarbons, 25; 
unsaturated hydrocarbons, 33; aromatic hydrocarbons, 9; phenolic 
and acidic oils, 10; bases, 1; oxygenated compounds, 16; ether- 
soluble resin, 3; and chloroform-soluble pitch, 3%. 

(2) Gaseous products. 1 G. of the dried cutin was distilled in the 
manner described for modern plant cutin, and the gases evolved 
over each temperature range were analysed. The results are 
recorded graphically in Fig. 1 (compare figure on p, 2448). 

Examination of the Fossil Wax.—({1) Chloroform-soluble portion. 
18 G. of the chloroform extract, a dark brown soft wax, were treated 
successively with small quantities of cold ethyl ether until the 
filtrate was no longer coloured. 

The ether-soluble material (10 g.) was a dark red plastic mass. It 
was redissolved in ether, and the solution extracted successively 


— 
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with 4% sodium bicarbonate, 4% sodium hydroxide, and 4% hydro. 
chloric acid solutions to remove acids and bases. Acids soluble 
in sodium bicarbonate solution were recovered as a viscous red oil 
(0-5 g.). Neither the acids themselves nor their lead, calcium, 
barium, and copper salts could be resolved by recrystallisation from 
single or mixed solvents (Found: C, 70-1; H, 10-1%). The acids 
soluble in sodium hydroxide solution (2-0 g.) were similar (Found: 
C, 69:1; H, 10-1%). Bases were not present in any quantity, 
The neutral compounds (7-5 g.) were saponified during 2 hours with 
10% alcoholic potassium hydroxide. The unsaponified material, 
dissolved in light petroleum, was resolved into hydrocarbons 
(0-15 g.) and oxygenated compounds (0-82 g.) by repeated shaking 
with a concentrated solution of hydrochloric acid saturated with 
ferric chloride. The acids were recovered as a viscous red oil 
(6-5 g.) from the saponified material and separated into saturated 
and unsaturated acids by means of their lead salts. The unsaturated 
acids, which predominated, were partly soluble in cold acetone. 
The soluble portion was a transparent yellow oil which partly 
solidified on cooling (Found : C, 76-5; H, 11-9. Cale. for C,,H,,0,, 
oleic acid : C, 76-6; H, 12:1%). Yield, 4-5 g. From the acetone- 
insoluble portion, a white solid, m. p. 56—60°, was obtained by 
crystallisation from alcohol (Found: C, 75-8; H, 12-4%). The 
saturated acids, which were crystallised from a mixture of alcohol 
and water, had an indefinite melting point, 51—57° (Found: (, 
75:5; H, 12-5. Cale. for C,g,H3,0,, palmitic acid: C, 75-0; H, 
125%. Cale. for C,,H,,0,, stearic acid: C, 76-0; H, 12-7%). 
Yield, 0-8 g. 

The ether-insoluble material (8 g.) was a pale brown powder, part 
of which (1-2 g.) was insoluble in boiling light petroleum. The 
soluble portion was boiled during 2 hours with excess of 10% 
alcoholic potassium hydroxide. The unsaponifiable material was 
resolved into hydrocarbons (0-3 g.) and oxygenated ‘compounds 
(0-5 g.). The saponified acids were recovered in the usual way and 
a small quantity of unsaturated acids was removed from them by 
extraction of the lead salts with ethyl ether. The saturated acids 
were recrystallised several times from light petroleum and separated 
as a pale yellow powder, m. p. 69—71° (Found: C, 75-0; H, 12:1. 
C.,4H,,0, requires C, 75-5; H, 125%. Found for the silver salt : 
Ag, 21-3. C,.,H,,O,Ag requires Ag, 22-0%). 

\ (2) Alcohol-soluble portion. 30 G. of the alcoholic extract, a pale 
brown hard wax, were extracted in a Soxhlet apparatus successively 
with (1) light petroleum (b. p. 40—60°), (2) light petroleum (b. p. 
60—80°), (3) ethyl ether, and (4) alcohol, each extraction being 
carried to completion. 


C.c. at N.T.P. per gram ash-free dry material. 
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Extract (1). A yellow soft wax (13 g.). When this was resolved 
in the manner described for the chloroform-soluble wax, there were 
obtained: hydrocarbons (Found: C, 84:9; H, 13-7%. Yield, 
1-0 g.) and acids, pale yellow, m. p. 88—89° (Found: C, 72-1; 
H, 120. ©,,H 3,0, requires C, 72-0; H, 120%. Found for the 
silver salt: Ag, 25-7. C,,H,,0,Ag requires Ag, 26-5%). 

Extract (2). A pale yellow solid (7 g.), containing a little un- 
saponifiable material. Acids were recovered and recrystallised 
from light petroleum (b. p. 60—80°), separating as a white powder, 


Fie. 2. 


Distillation of cuticles from bituminous coal in a vacuum. Gases evolved in 
c.c. per gram ash-free dry material. 


| T 





SS 
8 
‘= 
Na 
= 
: 
> 
PS 
as) 
© 
i 
> 
3 
S 
8 
x 
a> 
re 
S 
Q 
zi 
at 
Ss 
8 
o 











100 
Temperature, °C. 
m, p. 89° (Found: C, 71-9; H, 11-4. C,gH3,03 requires C, 72-0; 
H, 120%. Found for the silver salt: Ag, 26-2. C,sH3;034Ag 
requires Ag, 26-5%). 

Extracts (3) and (4). The ethyl ether extract (4 g.) and the 
alcoholic extract (5 g.) were separately saponified, unsaponifiable 
material (traces only) removed, and the acids (dark brown) recovered 
but not further examined. 


(B) Cuticles from Bituminous Coal. 
Oxidation with Dilute Nitric Acid —2 G. of the coal cuticles were 


boiled under reflux with 30% nitric acid during 6 hours, and were 
40 
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but little affected. On increasing the strength of the acid to 50% 
and boiling during 2 hours, the cuticles were attacked and the acid 
became red. The residue was washed with water, dried, and 
extracted with light petroleum; white acids similar in character 
to those from Papierkohle cutin were then obtained. Evaporation 
of the nitric acid solution to dryness yielded resinous material too 
small in quantity to be identified. 

Destructive Distillation —0-5 G. of the coal cuticles was distilled 
in the manner previously described. Oils made their appearance 
at 350—370°, the yield being 0-1 g., or 20% on the ash-free, dry 
cuticle. Resolution of this oil by means of solvents showed: 
saturated hydrocarbons, 11; unsaturated hydrocarbons, 22; 
aromatic hydrocarbons, 22; phenolic and acidic oils, 1; bases, 
trace; oxygenated compounds, 22; ether-soluble resin, 11; and 
chloroform-soluble pitch, 11%. 

The gases evolved over successive temperature ranges were 
collected separately and analysed. The results are recorded 
graphically in Fig. 2 (compare Fig. 1, and Fig. 1 of previous 
paper). 

DEPARTMENT OF FUEL TECHNOLOGY, 

SHEFFIELD UNIVERSITY. [Received, September 11th, 1929.] 





CCCXXIV.—Formation of 1-Threose. 


By VENANCIO DEULOFEU. 


l-THREOSE is the only sugar from glycerose to the pentoses inclusive 
not hitherto synthesised. We do not know even the sign of its 
rotatory power, for Maquenne (Compt. rend., 1900, 130, 1403) and 
Ruff (Ber., 1901, 34, 1307), who obtained evidence of the formation 
of its optical antipode, left this undetermined. 

We synthesised the diacetamide compound (annexed formula) of 

CH,-OH l-threose by the degradation of tetra-acetyl 
H-C-0H l-xylononitrile according to Wohl’s method, and 
HO-C-H hydrolysed it by means of dilute sulphuric acid 
¢ in a boiling water-bath until a constant rotatory 
CH(NEHAc), power was attained. From examination of this 
solution (compare Wohl, Ber., 1899, 32, 3667), we assign a specific 
rotatory power of [«]?’ — 24-6° to /-threose. 

Owing to lack of material, the sugar could not be isolated in a 
pure state, but its formation was confirmed by the preparation of 
an osazone, m. p. 165—166° (erythrosazone has m. p. 165°), from 
the hydrolysed solution. 
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EXPERIMENTAL. 

From d-saccharolactone (250 g.), /-gulonolactone was obtained 
by reduction (Fischer and Piloty, Ber., 1891, 24, 521), and by 
oxidation of the latter according to the method of Fischer and Ruff 
(Ber., 1900, 33, 2142) the necessary /-xylose (3-1 g.) was prepared, 
m. p. 141°. 

1-Xylose Oxime.—This oxime was prepared by treating the sugar 
(3-1 g.) with an excess of hydroxylamine in alcoholic solution. After 
all the xylose had dissolved, the solution was heated for 1 hour at 
60° in a water-bath, left for two days at room temperature, and then 
evaporated in a vacuum. The resulting syrup (3-6 g.) could not be 
induced to crystallise even when kept for 3 months in a desiccator. 

Tetra-acetyl 1-Xylononitrile—The syrupy oxime (3-5 g.) was 
treated with acetic anhydride (16 c.c.) and recently fused sodium 
acetate (3 g.), the mixture being heated very slowly until reaction 
was complete; the resulting dark syrup was poured into 25 c.c. of 
cold water and soon solidified. More of the nitrile separated on 
being kept for a day, and the whole was collected, well dried, and 
extracted with ether (Soxhlet), in which the dark by-products were 
insoluble. The ethereal extract was red, but evaporation of the 
solvent and recrystallisation of the residue from alcohol yielded the 
pure nitrile (3-05 g.; 48%) as white crystals, m. p. 82° (Found : 
CN, 8-0. C,,;H,,O,N requires CN, 8-2%), soluble in ether or 
alcohol, very soluble in chloroform, and almost insoluble in water. 

1-Threose Diacetamide.—Tetra-acetyl xylononitrile (3 g.) was 
dissolved in 10 c.c. of alcohol and treated with the silver oxide 
obtained from 2 g. of silver nitrate previously dissolved in 15 c.c. of 
22% ammonia solution. The mixture became somewhat warm 
and a precipitate of silver cyanide immediately appeared. After two 
days’ standing, this precipitate was collected, the filtrate evaporated 
in a vacuum to a syrup, the latter dissolved in 50% alcohol, 
refiltered if necessary, and the silver removed by hydrogen sulphide. 
The liquid was again evaporated to a syrup, which was treated with a 
mixture of absolute alcohol (1 vol.) and absolute ether (4 vol.). The 
crystalline precipitate produced on standing was collected and 
recrystallised from 95% alcohol (charcoal); yield 0°66 g., i.e., 30%. 
(All the evaporations were carried out below 50°.) The diacetamide 
compound (Found : N, 13-0. C,H,,0;N, requires N, 12-7%) is a 
white solid, m. p. 165—166°, very soluble in water, moderately 
soluble in warm alcohol, but very sparingly soluble in cold, and 
insoluble in ether; it has a sweet taste. 

Hydrolysis of the Diacetamide—0°5841 G. of the diacetamide 
was dissolved in 25 c.c. of N/3-sulphuric acid and then had 
[«]) — 768°. The solution was heated in a boiling water-bath, 
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and after 4 hour its rotatory power was [«], — 24-8° (calculated 
on the weight of J-threose formed), and after another 15 minutes 
[«]> — 24-4° (mean of these two rotations, [«], 24-6°). On further 
heating, the solution turned yellow. 

The sulphuric acid solution was neutralised quantitatively with 
barium hydroxide, treated with bone-black, and filtered. The 
filtrate was evaporated under diminished pressure to 5 c.c., thus 
giving approximately a 5% solution of threose. This solution 
reduced Fehling’s solution in the cold, gave a strong reaction with 
a-naphthol, and with naphtharesorcinol yielded a dark precipitate 
giving a reddish-violet solution in alcohol, which showed slight 
violet fluorescence, and absorption in the green and near the D line 
region of spectra. No reaction was obtained with resorcinol. 
(Neuberg, Z. physiol. Chem., 1901, 34, 564, found that a threose 
prepared by the oxidation of erythritol by sodium hypobromite 
solution gave a positive resorcinol reaction.) The remainder of the 
solution was treated with phenylhydrazine acetate and heated for 
3 hours in a boiling water-bath; the precipitated osazone was 
recrystallised from benzene and then, melted at 165—166°. 

FacuntaD DE Crenctas Exactas, F. y N., 


LABORATORIO DE Quimica Brioidéeica, 
Buenos AIRES. [Received, July 29th, 1929.]} 





CCCXXV.—The Dinitration of m-Dichlorobenzene. 
By ArtHurR THuRLBY Dany. 


THE dinitration of m-dichlorobenzene has long been known to give 
a large yield of 1 : 3-dichloro-4 : 6-dinitrobenzene (I); as pointed 
out by Davies and Hickox (J., 1922, 121, 2649), a considerable 
quantity of mixed nitro-derivatives is also formed. This mixture 
gives the correct analytical figures for dichlorodinitrobenzenes, and 
is found to consist practically exclusively of (I) and 1 : 3-dichloro- 
2 : 4-dinitrobenzene (II). When the nitration of m-dichlorobenzene 
is carried out at 99° under carefully regulated conditions, the product 
obtained contains about 85% of (I) and 15% of (II), as shown by 
means of the melting-point curve. The yield of the isomeride (I) 
can be increased by final crystallisation from concentrated sulphuric 
acid. 
EXPERIMENTAL. 


1 : 3-Dichloro-4 : 6-dinitrobenzene, m. p. 101-0°, is obtained pure 
by recrystallisation of the dinitration product of m-dichlorobenzene 
from alcohol. 
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1 : 3-Dichloro-2-nitrobenzene (m. p. 70°), from p-nitroaniline after 
Holleman and Reiding (Rec. trav. chim., 1904, 23, 368), is heated 
on the water-bath for about 4 hours with three times its weight of 
nitric acid (d 1-50), and the 1 : 3-dichloro-2 : 4-dinitrobenzene (m. p. 
68-0°) crystallised from alcohol. 

The isomerides (I) and (II) used for obtaining the melting-point 
curve were prepared as above. For ordinary purposes pure (II) 
is more easily prepared from the mixed isomerides [freed from a 
large amount of (I) by means of alcohol] by crystallisation from 
concentrated sulphuric acid. 

Korner and Contardi (Atti R. Accad. Lincei, 18, i, 101) found that 
(II) was further nitrated by a mixture of sulphuric and fuming 
nitric acids; but the careful nitration of m-dichlorobenzene with 
these reagents under the conditions described below yields dinitro- 
compounds only. 

The melting-point curve of (I) and (II) is determined in the usual 
manner, it being found impossible to obtain trustworthy figures for 
the second solidification points when a large proportion of the 
higher-melting isomeride is present. The solidification points 
obtained are as follows :— 


(II), %. Firsts.p. Second s.p. (II), %. Firsts.p. Second s.p. 
0 101-0° - 79-73 57-9° 48-2° 
15-06 91-4 —_ 89-18 62-8 48-0 
31-07 79-7 48-1° 100-00 68-0 —_ 
49-80 62-4 48-0 


It follows from the curve (see p. 2462) that the eutectic mixture 
melts at about 48-1° and contains about 62% of (II). 

Proportion of the Isomerides formed in the Dinitration of m-Di- 
chlorobenzene.—A cold mixture of nitric acid (d 1-54; 170 g.) and 
concentrated sulphuric acid (340 g.) is treated with m-dichloro- 
benzene (50 g.), and after the first reaction is over the mixture is 
heated under anhydrous conditions at 99° for 1 hour with continual 
shaking. The cold product is treated with ice, washed free from 
acid, and dried in a vacuum (yield, 76-5 g. Calc. for dichlorodinitro- 
benzenes, 80-5 g., the small loss unavoidably occurring during the 
thorough washing) (Found: N, 11-9, 12-0; Cl, 29-7, 29-7. Cale. 
for C,H,O,N,Cl,: N, 11-8; Cl, 29-8%. The chlorine was deter- 
mined by Robertson’s method, the Carius method giving an ex- 
tremely stable nitro-compound). This mixture is referred to as 
Mixture A. 

Mixture B. Mixture A (50 g.) is crystallised from alcohol, and 
pure (I) obtained. The total alcoholic filtrates (500 c.c.) are evapor- 
ated to dryness at room temperature under diminished pressure, 
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and the mixed residual nitro-compounds analysed (Found: N, 
12-0; Cl, 29-8. Calc.: N, 11-8; Cl, 29-8%). Pure (I) was removed 
in this way in order to enable the second solidification point to be 
accurately determined. 

The first solidification points of mixtures A and B are 91-4° and §5™© 


65-8°, respectively. The second solidification point of mixture B ae 
esc 


Fie. 1. ) «hlo 


Melting-point curve of 1: 3-dichloro-4 : 6-dinitrobenzene and desc 
1: 3-dichloro-2 : 4-dinitrobenzene. . acid 


th 
beer 


° the | 
wos and 
tors jum 

90 larg 
glye 
a \ sati: 
80 at § 
& hyd 
5 \ wit] 
| the 
Clar 
\ acid 

60 
alco 
\ pres 
50 yiel 


















































am! 

16, 

3h 

0 20 40 60 80 100 gro 
1: 3-Dichloro-2 : 4-dinitrobenzene, %. fost 


(46-0°) is only 2-1° below that of the eutectic mixture of (I) and (II), = 
and this indicates that the mixture produced in the nitration is § “ % 
almost entirely composed of (I) and (II). The melting-point curve 

of (I) and (II) can consequently be applied, and by its means the i 
dinitration mixture of m-dichlorobenzene is found to contain about 7. 


85% of (I) and about 15% of (II). = 
THE UNIVERSITY OF MELBOURNE. [Received, September 23rd, 1929.] bee 
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CCCXXVI.—The Synthesis of Glycine. 


By Winston Krennay AnsLow and Haroip Kina. 


SIMPLE and economical methods for the preparation of the naturally 
occurring amino-acids are much to be desired. The authors have 
described such a method for the isolation of d-glutamic acid hydro- 
chloride from gluten (Biochem. J., 1927, 24, 1172), and one is now 
described for the synthesis of glycine, the simplest of the amino- 
acids. 

In most of the recent syntheses of glycine the initial material has 
been methyleneaminoacetonitrile, (CH,:-N*CH,°CN),, prepared by 
the elegant method of Klages (Ber., 1903, 36, 1506; compare Adams 
and Langley, Organic Syntheses, 1925, 4, 47) from formalin, ammon- 
ium chloride, and alkali cyanide. When boiled with a relatively 
large volume of alcoholic hydrogen chloride, this substance gives 
glycine ester hydrochloride in 90% yield (Klages, loc. cit.), but the © 
satisfactory conversion into free glycine involves the use of silver 
at some stage. When aqueous hydrochloric acid is used for the 
hydrolysis of the nitrile, glycine hydrochloride is formed mixed 
with ammonium chloride (Jay and Curtius, Ber., 1894, 27, 60) and 
the separation of these substances is difficult. To overcome this, 
Clarke and Taylor (Organic Syntheses, 1925, 4, 31) used hydrobromic 
acid and utilised the solubility of ammonium bromide in methyl 
alcohol for separating the two hydrobromides, the simultaneous 
presence of pyridine allowing free glycine to separate in 31—37% 
yield. To surmount the difficulty presented by the formation of 
ammoniunr salts by hydrolysis, Ling and Nanji (Biochem. J., 1922, 
16, 703) boiled the nitrile with 40% barium hydroxide solution for 
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3 hours to remove ammonia formed by hydrolysis of the nitrile 
group and then with 3% sulphuric acid for 4 hours to remove 
formaldehyde formed by acid hydrolysis of methyleneglycine 
postulated by these authors as an intermediate product. In this 
way a 90% yield of glycine was said to have been obtained. 

On exact repetition of Ling and Nanji’s process, the yields of crude 
glycine obtained in different experiments were 57, 50, 42, and 52%. 
To throw some light on this discrepancy in yields, an attempt was 
made to isolate the barium salt of the supposed intermediate product, 
methyleneglycine. Such a barium methyleneglycine had already 
been obtained as a crystalline substance stable to carbon dioxide 
by the action of formaldehyde on barium glycine by Franzen and 
Fellmer (J. pr. Chem., 1917, 95, 299) and by Bergmann, Jacobsohn, 
and Schotte (Z. physiol. Chem., 1923, 131, 18), but on removal of 
free barium hydroxide by carbon dioxide after the hydrolysis of 
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methyleneaminoacetonitrile, we found no evidence for the presence 
of barium methyleneglycine. Instead, crude glycine was isolated 
in three different experiments in 71, 62, and 62% yield, so that 
omission of the 4 hours’ hydrolysis with 3% sulphuric acid recom. 
mended by Ling and Nanji effected a distinct improvement in the 
yield of glycine. The residual mother-liquors when exactly freed 
from barium or sulphate ions in Ling and Nanji’s process consisted 
of a thick brown syrup with slight reducing properties on Fehling’s 
solution; its production is compatible with the polymerising action 
of boiling barium hydroxide on the formaldehyde split off by 
hydrolysis. 

The 40% barium hydroxide used for the hydrolysis of methylene- 
aminoacetonitrile is not without destructive action on the methylene- 
amino portion of the molecule, for we found in two experiments 
that the glycine liquors after the barium hydroxide and sulphuric 
acid hydrolysis contained only 76 and 74% of the theoretical 
amount of nitrogen, and therefore the failure to isolate larger 
amounts of glycine than those recorded in this communication is not 
surprising. . 

All these difficulties may be surmounted by the following simple 
process. Methyleneaminoacetonitrile, when treated with a small 
volume of warm alcoholic sulphuric acid, is rapidly converted into 
aminoacetonitrile (Klages, loc. cit.), which separates as a beautifully 
crystalline hydrogen sulphate, and by the addition of a large excess 
of ether Klages obtained a 91% yield of this salt. On repetition of 
this experiment, we obtained an 87:3% yield, and the same yield 
by keeping the mixture for a few days below 0° and avoiding the 
use of ether. When aminoacetonitrile hydrogen sulphate was 
boiled with 27% barium hydroxide solution until evolution of am- 
monia had ceased, a practically quantitative yield of glycine was 
obtained and this on recrystallisation from water gave pure glycine 
in 83% yield calculated on the methyleneaminoacetonitrile used. 


EXPERIMENTAL. 

Hydrolysis of Methyleneaminoacetonitrile by Barium Hydroxide and 
Sulphuric Acid in Succession—Throughout these experiments the 
methyleneaminoacetonitrile was prepared by Klages’s method. It 
contained a trace of chloride, was almost completely soluble in 
boiling absolute alcohol, and melted between 128° and 129° (Found : 
N, 39-7. Cale.: N, 41-2%). Of this nitrile, 13-7 g. were hydro- 
lysed by barium hydroxide and sulphuric acid exactly as described 
by Ling and Nanji. On concentration of the hydrolysis liquor after 
exact removal of barium and sulphate ions, 8-6 g. of glycine were 
obtained corresponding to a 57% yield. The brown syrupy mother- 
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liquor still contained nitrogen equivalent to 2-9 g. of glycine, which 
could not be isolated either by careful addition of alcohol or by 
prolonged keeping at 0°. Only traces could be isolated by con- 
version into the copper salt. The crude glycine could be freed from 
adhering brown mother-liquor by washing with 50% alcohol. 

In another experiment using 10 g. of methyleneaminoaceto- 
nitrile, the hydrolysis liquor was made up to a known volume, an 
aliquot portion taken, and the nitrogen determined by Kjeldahl’s 
method. This corresponded to 8-1 g. of glycine or 74%. On 
crystallisation, however, only 52% could be isolated. 

Hydrolysis of Methyleneaminoacetonitrile by Barium Hydroxide 
Alone.—The nitrile (13-7 g.) was hydrolysed by boiling with 54-8 g. 
of barium hydroxide octahydrate in 137 c.c. of water for 2-5 hours ; 
ammonia evolution had then ceased. Carbon dioxide was. passed 
into the solution until this was no longer alkaline, and after removal 
of barium carbonate the liquor on concentration gave 8-95 g. of 
crude glycine. On exact removal of barium ions from the final 
liquor with sulphuric acid and concentration, a further 1-75 g. of 
glycine were obtained (total yield, 71%). The mother-liquor still 
contained nitrogen equivalent to 2-75 g. of glycine, but more glycine 
could not be isolated. 

Hydrolysis of Methyleneaminoacetonitrile by Sulphuric Acid and 
Barium Hydroxide in Succession.—The nitrile (34 g. = 0-5 mol.) 
was added all at once to a warm solution of 48-0 g. of sulphuric acid 
in 125 ¢.c. of spirit contained in a wide-stoppered glass bottle. On 
shaking, the nitrile dissolved immediately with evolution of form- 
aldehyde, and, when the contents had cooled, aminoacetonitrile 
hydrogen sulphate separated in large rectangular plates. (Occasion- 
ally the solution separates into two liquid layers, but the lower 
layer readily crystallises on rubbing.) During crystallisation the 
contents of the bottle were shaken vigorously at intervals to avoid 
formation of a hard cake. After being kept for some hours below 0°, 
the salt was collected and washed with ice-cold spirit. The yield 
was 67-2 g. or 87% of the theoretical. 

Barium hydroxide octahydrate (270 g. = 2 mols.) was added to 
500 c.c. of water in an open dish, and the liquid brought almost to 
boiling. Aminoacetonitrile hydrogen sulphate (67-2 g.) was then 
added, and the solution boiled at constant volume until the odour 
of ammonia had gone. This usually requires 2-5—3 hours. The 
barium ions were removed quantitatively: by addition of 50% 
sulphuric acid, the filtrate concentrated, and the successive crops 
of crude glycine collected. There was no residual syrup such as 
occurs in Ling and Nanji’s process. The combined crops were 
et + i once more from water and gave, when collected in 

40 
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six crops, 31-5 g. of glycine, or an 84%, yield on the original methyl. 
eneaminoacetonitrile (Found: N, 18-7. Cale.: N, 18-7%). The 
penultimate crop melted at the same temperature as purest glycine 
(King and Palmer, Biochem. J., 1920, 14, 582). Both melted when 
taken side by side in the same bath at 262° with effervescence. 
Washing of the successive crops with small quantities of 50% 
alcohol is of great value for obtaining products free from mother. 
liquor and of the highest m. p. The use of alcohol for crystallis. 
ation of glycine, recommended by Ling and Nanji, is impracticable, 
as glycine is almiost insoluble in boiling spirit. . 


THe Natronat InstiTuTE FoR MEDICAL RESEARCH, 
Hampsteap, N.W.3. [Recetved, September 20th, 1929.] 





CCCXXVII.—The Structure of Normal Mono- 
saccharides. Part VI. 2:3:4-Trimethyl Rham- 


nonolactone. 
By Joun Avery and Epmunp LancLEey Hirst. 


In continuation of these studies (see Hirst and Macbeth, J., 1926, 22) 
2:3: 4-trimethyl rhamnose has been submitted to oxidation with 
bromine water and converted into crystalline 1-2 : 3 : 4-trimethyl 
rhamnonolactone. The rate of hydrolysis of this lactone was 
studied and its velocity coefficient determined. The lactone attains 
equilibrium with the acid in aqueous solution after 60—80 hours, 
and approximately 64% of lactone is then present. The substance 
behaves, therefore, like other 3-lactones of the sugar series, the rate 
of hydrolysis being similar to that of trimethyl 5-xylonolactone and 
tetramethy] -mannonolactone. 

The velocity of lactonisation of 2 : 3 : 4-trimethyl rhamnonic acid 
was similarly studied and, for the purpose of comparison with the 
graphs already published for a series of twelve representative 
lactones (Drew, Goodyear, and Haworth, J., 1927, 1237; Haworth 
and Porter, J., 1928, 611), the curves may be constructed from the 
figures now recorded for trimethyl 8-rhamnonolactone. 

The phenylhydrazide of 1-2:3:4-trimethyl rhamnonic acid was 
obtained as a crystalline substance by the additive combination of 
the lactone with phenylhydrazine. 

The constitution of the above lactone was controlled by oxidation 
to l-trimethoxyglutaric acid, the crystalline methylamide of which 
was identical with a specimen prepared by Haworth and Jones (J., 
1927, 2349) from /-trimethy] 8-arabonolactone. 
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1-2:3:4- ahaa 1-2:3:4-Trimethyl §- 1-Trimethoxyglutaric 
rhamnose. rhamnonolactone. - acid. 


CO,H 


These experimental results confirm the constitution which has 
been allocated to the normal methylrhamnosides during earlier 
studies, and it is clear that these products must be represented as 
pyranose forms having a six-atom ring system. 


EXPERIMENTAL. 


1-2: 3:4-T'rimethyl Rhamnonolactone.—Rhamnose was methylated 
by the methyl sulphate method, the physical and chemical properties 
of the trimethyl methylrhamnoside and trimethy] rhamnose obtained 
being identical with those of former preparations (Hirstand Macbeth, 
loc. cit.). Bromine was gradually added to a solution of trimethyl 
thamnose (3-3 g.) in water (45 c.c.), maintained at 40°, until the 
reducing action on Fehling’s solution had disappeared. After 
removal of the excess of bromine by aeration the solution was neu- 
tralised with silver oxide and filtered. Treatment with hydrogen 
sulphide, followed by filtration (charcoal), gave a clear colourless 
solution of trimethyl rhamnonic acid. Evaporation of the water at 
40°/19 mm. gave a syrup, which was heated at 70°/0-2 mm. for 6 
hours to complete the formation of lactone. The product (2-9 g.) 
gave on distillation (a) 2-6 g., b. p. 96°/0:15 mm.; (b) 0:3 g., b. p. 
96—110°/0-11 mm. Both fractions crystallised. This trimethyl 
3-rhamnonolactone was spread on porous earthenware and kept in a 
vacuum desiccator over phosphoric oxide for several days; it then 
had m. p. 40—41°, and [a] — 130° (initial value) and [a] — 78° 
(equilibrium value), both in water (c = 1-25). The material separ- 
ated in an oily condition from solutions and could not be recrystal- 
lised (Found: C, 52-3; H, 80; OMe, 44-4. C,H,,0; requires 
C, 52-9; H, 7°8; OMe, 45-6%). 

The phenylhydrazide of 1-trimethyl rhamnonic acid was prepared 
by heating together on the water-bath trimethyl rhamnonolactone 
(0:21 g.) and phenylhydrazine (0-11 g.), dissolved in a little dry 
ether, for 20 minutes. The residue, which crystallised immediately 
when the solvent had evaporated, was washed with cold ether and 
recrystallised from ether or benzene, giving long needles, m. p. 177° 
(Found : C, 57-9; H, 7-5; OMe, 29-8. C,;H,,0,N, requires C, 57-7 ; 
H, 7-7; OMe, 29-8%). 

Rate of Hydration of 1-Trimethyl 8-Rhamnonolactone.—The velocity 
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of hydrolysis of the lactone in aqueous solution was determined 
polarimetrically, equilibrium being reached in about 140 hours and 
the mean value of k, +- k, being 0-015, at 18° (time in hours, and 
logarithms to the base 10). The specific rotation of 2:3: 4-tri- 
methyl rhamnonic acid was obtained in the usual way: a weighed 
amount of the lactone was dissolved in excess of warm sodium 
hydroxide solution, after 20 minutes an amount of hydrochloric acid 
equivalent to the alkali was added to the cooled solution, and the 
rotation was observed immediately, [«]}° + 14-5° (c = 1-140, 
calculated as lactone). The proportions of lactone and acid present 
at equilibrium were therefore 64% and 36%, respectively. 
Time (hrs.). —[a}}8*. % Lactone. Time (hrs.). [a]}§°. % Lactone. 
0 — 130° 100 42 — 89-5° 72 
1 126 97 61 84 68 
12 115 90 85 81-4 66 
21 104 82 140 78-2 64 
36 92 74 300 78-2 64 
The velocity of lactonisation of the acid was also studied polari- 
metrically. Equilibrium was reached in about 50 hours at 21°. 
The greater velocity of reaction cannot be ascribed to the small 
difference of temperature between the two sets of observations and 
it is probably due to the catalytic action of the extraneous material 
present in the solution during the latter experiments. 


Time (hrs.). [a}". % Lactone. Time (hrs.). [a]}!", %Lactone. 
0 +14-5° .. 21 — 56° 46 
1 + 7-9 5 39 —73 58 
2 + 13 10 52 —79 63 

15 —42 36 200 —79 63 


Oxidation of 1-Trimethyl 8-Rhamnonolactone with Nitric Acid.—A 
solution of crystalline trimethyl rhamnonolactone (1-25 g.) in nitric 
acid (12-5 c.c.; d 1-42) was heated at 70° for 15 minutes while a 
vigorous reaction took place. Afterwards the temperature was 
raised gradually to 95° and kept there for 2 hours. Oxidation had 
then ceased. After removal of the nitric acid by distillation under 
diminished pressure, with frequent additions of water,.the product 
was dried and then esterified by boiling for 7 hours with acid methy] 
alcohol (50 c.c. containing 1 g. of hydrogen chloride). The resulting 
ester gave on distillation 0-85 g., b. p. 87°/0-11 mm., njv* 1-4363, 
[«]§ + 41° in methyl alcohol (¢ = 1-15). These observations agree 
closely with those recorded for methyl arabotrimethoxyglutarate 
(Hirst and Smith, J., 1928, 3147), and complete proof of the identity 
of the ester was obtained by converting it into the corresponding 
crystalline amide and methylamide. A solution of the ester 
(0-25 g.) in cold methyl alcohol (2 c.c.) saturated with methylamine 
was kept for 48 hours. The methyl alcohol and the remaining 
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methylamine were then removed by evaporation in a vacuum 
8, and § desiccator and the solid residue was recrystallised from ethyl 
acetate—ether, giving needles, m. p. 171—173° alone or when mixed 
with an authentic specimen of the methylamide of J-arabotrimethoxy- 
glutaric acid (Haworth and Jones, loc. cit.). The yield of pure pro- 
duct was 60% of the theoretical. The corresponding amide was 
prepared by treating the ester, in the usual manner, with methyl- 
alcoholic ammonia. The product after recrystallisation from 
absolute alcohol—light petroleum had [«], + 50° in water (c = 0-4), 
m. p. 227—230° (decomp.), and comparison with an authentic 
specimen showed it to be the diamide of /-arabotrimethoxyglutaric 
acid (Hirst and Robertson, loc. cit.). Yield, 0-08 g. from 0-10 g., or 
90% of the theoretical. 
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CCCXXVIII.—The Development of a Novel Form of 
Stereotsomerism in the Sugar Series. PartI. The 
Third Variety of Triacetyl Methylrhamnoside. 


By Water Norman Haworts, EpmMunp LANGLEY Hirst, and 
ERNEST JOHN MILLER. 


For some time it has been recognised that there exist three varieties 
of triacetyl methylrhamnoside. Two of these, the «- and §-forms, 
possess normal properties and their specific rotations indicate their 
relationship with «- and §-rhamnopyranose. The third variety has 
been described as the “y ”’-form, and to this E. Fischer, Bergmann, 
and Rabe (Ber., 1920, 53, 2362) allocated a different ring system. 
It has hitherto been accepted that this third form is a derivative 
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ng § of y-rhamnose. The characteristic feature of the supposed triacetyl 
3, “y”’-methylrhamnoside is that only two of the three acetyl 
oa groups can be eliminated with hot alkali, and from this treatment a 
te  monoacetyl methylrhamnoside is isolated. On the other hand, the 





elimination of all three acetyl groups in both the «- and the 8-variety 
of triacetyl methylrhamnoside proceeds smoothly and normally, 
and leads to the formation of «- and §-methyirhamnosides. 

The pyranose structure of «-methylrhamnoside has already been 
established by earlier observations (Hirst and Macbeth, J., 1926, 22; 
see also preceding paper by Avery and Hirst). A direct proof of 
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the structure of the crystalline §-methylrhamnoside which is 
obtainable from -triacetyl §-methylrhamnoside has not been 
developed, but that the substance is of the pyranose type may be 
inferred by comparing its properties with those of the crystalline 
trimethyl 6-methylrhamnopyranoside isolated in the course of the 
present experiments. The question is, however, placed beyond 
reasonable doubt as the result of a parallel series of experiments 
which we have conducted on the $-form of the closely related tetra. 
acetyl methylmannoside. The «-, 8-, and y-varieties of tetra-acety] 
methylmannoside (Dale, J. Amer. Chem. Soc., 1924, 46, 1046) offer 
such striking resemblances, both in physical and in chemical 
properties, to the «-, B-, and y-forms of triacetyl methylrhamnoside 
as to render it almost inconceivable that the corresponding members 
of each group should differ in structure. In a subsequent paper 
it will be shown that the 8-variety of tetra-acetyl methylmannoside 
has the pyranose structure and it follows therefore that a similar 
structure must be ascribed to triacetyl @-methylrhamnoside. 

We have now investigated the ring system which is present in 
the third or supposed y-variety of triacetyl methylrhamnoside, and 
our experiments disclose the fact that this also is a pyranoside 
having the same ring system as is present in the «- and §-forms. 
We are confronted, therefore, with the existence of three stereo- 
isomeric modifications of this compound, all of them crystalline and 
structurally identical. On the accepted principles of stereo- 
isomerism it is possible to accommodate two of these varieties, 
namely, the «- and 8-forms in which the methoxyl residues at the 
first carbon atom in the ring are on opposite sides. The properties 
of the third variety are, moreover, distinctive in that one of the 
acetyl residues is stable to alcoholic ammonia and to aqueous alkali, 
and this group is, therefore, singled out as being in some way con- 
nected with the raison d’éire of this variety. We have succeeded 
in showing that the position occupied by this recalcitrant group is at 
carbon atom 2 of the ring, where it encounters a second acetoxy- 
residue at the neighbouring position © on the same side of the ring. 
This congestion is increased by the presence of the methoxy] residue 
at position 1 when this is also at the same side. 


AcO # OMe Aco HO Pi H 

Me Ke e Me » 
eke Ke 

AcO OAc HT Vo HO OAc 


l-Triacetyl a-methyl- l-Triacetyl B-methyl- l-Monoacetyl £-methy]- 
rhamnoside. rhamnoside. rhamnoside. 
(Occurs in two forms.) 
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Inspection of a model of 8-methylrhamnoside serves to illustrate 






the effect introduced by the propinquity of acetylated residues 
ay be at positions 2 and 3. There is interference of the free rotation of 
talline # the addenda at these points of the ring and obstruction may easily 
of the B be set up. Since this is the case, it follows that there may exist 





two stereoisomeric forms of triacetyl 8-methylrhamnoside. Such an 
interlocking of groups has been envisaged in the obstacle theory 
for the existence of stereoisomerism in the diphenyl series, namely, 
the nitro- and chloro-diphenic acids which are substituted at positions 
2 and 6 (Christie and Kenner, J., 1922, 121, 614; Turner and Le 
Févre, Chem. and Ind., 1926, 45, 831; Bell and Kenyon, ibid., p. 










oside # 64; Mills, ibid., p. 883; Mills and Elliott, J., 1928, 1291). The 
abers present anomaly may possibly be explained also on the view of the 
aper BF co-ordination of one of the acetoxyl residues with a neighbouring 
oside group, but in the present examples this hypothesis appears to be 





another and a less general way of expressing the obstacle theory. 
What is clearly evident is that there is restricted movement of the 
groups attached to carbon atoms 1, 2, and 3 in the triacetyl methyl- 
rhamnoside. 

The occurrence of an anomalous behaviour in the mannose— 
rhamnose series has already been commented on (Haworth and 
Hirst, J., 1928, 1221), and other evidence in our possession shows 
that the methylated 8-lactones in this series display also an 
anomalous behaviour.. These facts have revealed to us that, the 
example illustrated in the case of rhamnose is by no means unique, 
and that it represents a phenomenon of which full account must be 
taken in a consideration of general principles of stereoisomerism. 
It is doubtful whether the presence of co-ordinate linkings alone 
can explain these facts in view of the other examples which have 
been quoted, and we are forced to adopt a working hypothesis 





















| which suggests the vibration of the constituent atoms of the sugar- 
“ ring, accompanied by the occurrence of phases representing the 
Y- § existence of strainless forms of rings. The free rotation of the 
8: — addenda would be facilitated during certain of these phases and 





obstructed by others, with the result that, under selected experi- 
mental conditions, the occurrence of three stereoisomeric forms in 
the case of rhamnose and mannose is possible. It has been explained 
(“ Constitution of Sugars,” Haworth, 1929) that for each series, 
d and J, eight strainless forms of a pyranose ring are conceivable. 
It is the mean of these forms which has ordinarily been investigated 
in a sugar such as glucose in solution, which exhibits no obvious 
anomalies, and in which the spatial distribution of the addenda 
offers little opportunity for the interlocking of groups. 

In the third variety of triacetyl methylrhamnoside the inter- 
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locking effect of adjacent groups persists even on removal of two 
of the three acetyl residues. The one remaining acetyl group is 
stabilised or obstructed, as is suggested in diagram B, whilst the 
easily hydrolysable type of grouping is illustrated in diagram A. 


rs 
no” ° = 3 


A B 
Unobstructed form. Interlocked form. 











In one form of strainless ring (B) the valency directions at carbon 
atoms 1 and 3 are nearly vertical, whereas in the alternative form 
(A) they are extended outwards in an almost horizontal direction. 
The diagrams illustrate the two strainless ring forms of the trans 
or zig-zag type, but, alternatively, the same conditions arise if 
one utilises certain of the cis or boat-shaped forms of strainless rings. 
The members of the mannose, lyxose, ribose, allose, and gluco- 
heptose series may also, on this view, present similar anomalies 
among their glucosidic forms, and we are at present engaged in the 
study of certain of these cases. The wider implications of these 
hypotheses are being investigated and will be the subject of subse- 
quent papers. 
Discussion of Results. 


The stabilised acetyl group in monoacetyl methylrhamnoside 
is not eliminated either by alcoholic ammonia or by hot: aqueous 
alkali. Digestion with dilute acid removes the glucosidic group 
and the acetyl residue simultaneously. Our problem was to dis- 
cover a reagent which would effect the deacetylation without 
disturbing the glucosidic residue and would thus leave the ring 
structure intact. The desired conditions were developed from the 
accidental observation that “ activated ”’ silver oxide, prepared by 
precipitating silver oxide in the presence of sodium hydroxide, was 
effective, when used with methyl iodide, in bringing about 
simultaneous deacetylation and methylation of the methy]l- 
rhamnoside. We therefore submitted monoacetyl methylrhamno- 
side to the action of methyl iodide and silver oxide containing an 
added quantity of solid sodium hydroxide and obtained a crystalline 
trimethyl 8-methylrhamnoside. This substance gave on hydrolysis 
trimethyl rhamnose which, when oxidised with bromine water, was 
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transformed into the crystalline 2:3: 4-trimethyl 8-rhamnono- 
lactone. This lactone was identical with the specimen prepared by 
Avery and Hirst (see preceding paper), and its constitution is deter- 
mined by the fact that it is degraded by oxidation with nitric acid 
to l- Pate set acid. 


MeO To MeO jj 


el el ee 
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wl i l-Trimethyl £-methyl- 1-Trimethyl rhamno- 
rhamnopyranoside. rhamnopyranoside. pyranose. 


(L) (VI.) gg 
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l- preg no ra l-Trimethyl 8-rhamnono- 
lactone. 

The next step was to determine the orientation of the acetyl 
group which is represented in the above formula (I) at position 2. 
That this position is correctly assigned is shown by the following 
series of transformations. The above monoacetyl {-methyl- 
rhamnopyranoside (I) gave rise on methylation with methyl iodide 
and silver oxide (prepared by precipitation with barium hydroxide) 
to a monoacetyl dimethyl 6-methylrhamnoside (II) which was also 
crystalline. This substance was very sensitive to mineral acids, and 
was readily hydrolysed to the crystalline dimethyl rhamnose (IIT). 
The latter was converted by methylation into 2:3: 4-trimethyl 
8-methylrhamnoside (V1), and also gave on oxidation with bromine 
water the crystalline dimethyl 8-rhamnonolactone (IV). The con- 
clusion is therefore reached that the ring system of monoacetyl 
methylrhamnoside is of the six-atom type, and that this is an 
obstructed form of monoacetyl -methylrhamnopyranoside. From 
the compound (IV) crystalline dimethyl rhamnonamide (V) was 
readily obtained, and this was submitted to the process of degrada- 
tion which is known as the Weerman reaction (Rec. trav. chim., 1917, 
37, 16). Under accurately controlled conditions this reaction is 
unfailing in the detection of a free hydroxyl group at position 2 in 
a sugar chain, and from the detailed account given in the experi- 
mental section it is evident that the dimethyl rhamnose must be 
unsubstituted at position 2. This must therefore have been the 
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position previously occupied by the acetyl residue in the monoacety] 
dimethyl methylrhamnoside (II) and also in the monoacetyl methy] 
rhamnoside (I). Since the ring junctions of the pyranoside are at 
positions 1 and 5, the substituent methoxyl groups in the dimethy] 
derivative could only have been at positions 3 and 4, 


MeO jh i Meo a 
‘ee steal Sco 
n—% Kes 
Meo _ HT] on mes OH 
(II.) (IV.) 


Degraded by Weerman 
reaction 


<q 


It follows from these results that the three acetyl residues in the 
supposed triacetyl “y ’’-methylrhamnoside occupy positions 2, 3, 
and 4 in the pyranose ring. The possibility of a change in ring 


structure during the series of transformations from the triacetyl to 
the trimethyl derivative has been considered and rejected in view 
of confirmative data which will be communicated later. 


EXPERIMENTAL. 


Rhamnose tetra-acetate was prepared by the action of pyridine 
and acetic anhydride on rhamnose according to Fischer, Bergmann, 
and Rabe (loc. cit.). By a slight modification of the method of 
extraction, the yield was increased to 80—85% of the theoretical. 
This was obtained by dissolving in chloroform the crude acetate 
which is precipitated when the product is poured into water, and 
shaking the chloroform solution in succession with dilute sulphuric 
acid, potassium bicarbonate solution, and water. The resulting 
acetate was a colourless viscid syrup. It was converted into aceto- 
bromorhamnose by the following modification of the process 
described by the above authors. Rhamnose tetra-acetate (50 g.) 
was dissolved in glacial acetic acid (25 c.c.) and treated at 0° with 
glacial acetic acid (100 c.c.) saturated with hydrogen bromide. 
After the solution had been kept for 90 minutes at 15°, chloroform 
(200 c.c.) was added and the solution was shaken with N /2-potassium 
bicarbonate until neutral to Congo-red, then with water, and dried 
over magnesium sulphate. Removal of the solvent under diminished 
pressure left acetobromorhamnose, which was obtained pure afte 
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one crystallisation from ether and ligroin (yield, 85% of the 
theoretical). The acetobromorhamnose was then treated with 
methyl alcohol in the presence of quinoline, giving “ y ’’-triacetyl 
methylrhamnoside, m. p. 83°, [«}JB’ + 35° in absolute alcohol 
(c = 1), [«]§° + 35° in chloroform (c = 1-0) (yield, variable up to 
50% but usually about 20%). 

Finally, “y ’-monoacetyl methylrhamnoside, m. p. 140—141°, 
was prepared by the action of methyl-alcoholic ammonia on the 
triacetyl derivative (yield, 95°) (compare Fischer, Bergmann, and 
Rabe, loc. cit.). For the monoacety] derivative the value [«]}° + 10° 
in absolute alcohol (c = 1-0) was recorded. 

2-Monoacetyl 3:4-Dimethyl Methylrhamnoside.—A solution of 
“‘ y ”-monoacetyl methylrhamnoside (8-3 g.) in a mixture of methyl 
iodide (20 c.c.) and dry methy] alcohol (25 c.c.) was heated at 45° for 
several hours with dry silver oxide (24 g.). It was necessary to use 
silver oxide which had been prepared by means of baryta (not 
sodium hydroxide). The product was extracted with dry methyl 
alcohol and immediately remethylated by the action of methyl 
iodide (34 c.c.) and silver oxide (21 g.) at 45°. After one further 
treatment under similar conditions the product crystallised spon- 
taneously, giving 2-monoacetyl 3: 4-dimethyl methylrhamnoside in 
long colourless needles, m. p. 67°. This substance was so soluble in all 
solvents that recrystallisation could not be effected, and it was 
purified by draining on porous tile. The crystals obtained were 
crisp and completely free from adhering syrup. B. p. about 
90°/0-1 mm., nj 1-4510 (supercooled liquid), [«]>" + 36° in water 
(c = 1-02) (Found : C, 53-0; H, 8-2; OMe, 36-3. C,,H. 0, requires 
C, 53-2; H, 8-1; OMe, 37-45%). The pure substance did not 
reduce Fehling’s solution and was very readily hydrolysed by dilute 
acids. 

3: 4-Dimethyl Rhamnose.—Monoacetyl dimethyl methylrhamno- 
side (3-2 g.) was heated with 2% aqueous hydrochloric acid (150 c.c.) 
until the rotation became constant ([«]?’ -+- 18° approximately). 
The acid was neutralised with lead carbonate, the water removed 
by evaporation under diminished pressure, and the product extracted 
from the solid residue by chloroform. Removal of the chloroform 
left a pale yellow syrup which soon crystallised (yield, 96%). 
Recrystallisation from ether-light petroleum gave dimethyl rhamnose 
in colourless needles, m. p. 91—92°. An aqueous solution (¢ = 1-5) 
of dimethyl rhamnose showed rapid mutarotation : [«]}" 0° (3 mins. 
after dissolution), +-5-9° (5 mins.), 7-3° (6 mins.), 9-9° (8 mins.), 
13-3° (12 mins.), 15-3° (16 mins.), 16-6° (20 mins.), 17-9° (27 mins.), 
18-6° (constant equilibrium value). From these figures the initial 
value of the specific rotation was calculated to be [«]p’ — 10° 
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(Found: C, 50-0; H, 8-7; OMe, 31-8. C,H,,0; requires C, 50-0; 
H, 8-4; OMe, 32-3%). When dimethyl rhamnose was treated with 
phenylhydrazine or with p-bromophenylhydrazine, oily products 
were obtained which were insoluble in water. Their insolubility 
indicated that they were osazones, but they were intractable and 
could not be purified for analysis. 

2:3:4-Trimethyl §-Methylrhamnoside.—Dimethyl rhamnose 
(4:9 g.) was heated with methyl iodide (34 c.c.) and silver oxide 
(17 g.) for 8 hours at 45—50°. The operation was repeated twice 
and the product then crystallised spontaneously (yield, 5-0 g.). The 
trimethyl methylrhamnoside obtained could not be recrystallised 
owing to its excessive solubility, but after thorough draining on a 
porous tile the long prismatic crystals were crisp and free from 
syrup; m. p. 53—54°, [«}#" + 106° in water (c = 1-02). The 
substance was stable towards alkali and towards boiling Fehling’s 
solution but was easily hydrolysed by acids. Titration with hot 
sodium hydroxide showed that no oxidation products were present 
(Found: C, 54:3; H, 8-9; OMe, 54:9. C,,H,.0; requires C, 54-5; 
H, 9:2; OMe, 56-3%). ; 

2:3:4-Trimethyl Rhamnose.—Trimethyl methylrhamnoside 
(4-1 g.) was hydrolysed by heating at 95° with 0-5°% aqueous hydro- 
chloric acid. The specific rotation calculated on the weight of 
trimethyl rhamnose decreased steadily to a constant value [«]#" + 29° 
at the end of 6 hours. The solution was neutralised with barium 
carbonate and then extracted with chloroform. Removal of the 
chloroform left trimethyl rhamnose as a pale yellow, uncrystallisable 
syrup, nj} 1-4570, [a]f + 27° in water (c= 1). It was proved 
to be identical with the trimethyl rhamnose obtainable by methy]- 
ating «-methylrhamnoside (Purdie and Young, loc. cit.; Hirst and 
Macbeth, loc. cit.) by converting it into the corresponding trimethyl 
8-rhamnonolactone. Trimethyl rhamnose (2:5 g.), dissolved in 
water (40 c.c.), was treated with bromine at room temperature until 
the reducing action had ceased (3 days). The bromine was removed 
by aeration, and the solution neutralised with silver oxide. The 
dissolved silver was removed by titration with dilute hydrochloric 
acid and after filtration the solution of the lactone was evaporated 
to dryness under diminished pressure. The solid residue was dis- 
solved in chloroform, and the solution filtered and evaporated. 
The residue was distilled, giving trimethyl 3-rhamnonolactone, b. p. 
120°/0-3 mm. (yield, 1-6 g.). The distillate rapidly crystallised and, 
after draining on porous tile, showed m. p. 40°, with slight softening 
from 36°, alone and when mixed with an authentic specimen. 
Further proof of the identity of this substance was forthcoming 
from a study of its hydrolysis in aqueous solution. The initial 
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value, [«]§" — 127°, decreased regularly in the course of 100 hours 
to the constant value [«]?” — 78°, these figures being in excellent 
agreement with those already rendered for trimethyl 8-rhamnono- 
lactone (see previous paper). 

3: 4-Dimethyl 8-Rhamnonolactone.—Dimethyl rhamnose (1-9 g.), 
dissolved in water (28 c.e.), was treated at 40° with an excess of 
bromine until the reducing action had disappeared (30 hours). 
The product was isolated by the method described above, with the 
exception that distillation was in this case unnecessary. Dimethyl 
rhamnonolactone crystallised spontaneously after lactonisation had 
been completed by heating at 60° for 1 hour, and when recrystallised 
from ether-light petroleum gave long needles, m. p. 66—68°, 
[x] — 153°, initial value in water (c = 1-05) (Found: C, 50-3; H, 
79; OMe, 31-5. C,H,,0; requires C, 50-5; H, 7-4; OMe, 32-6%). 

Hydrolysis of 3 : 4-Dimethyl Rhamnonolactone.—The hydrolysis of 
the lactone and the lactonisation of dimethyl rhamnonic acid in 
aqueous solution were followed polarimetrically. From the initial 
values for the lactone ([«]%” — 153°) and for the acid ([aJf" — 15-9°, 
calculated as lactone) the proportion of lactone present at equilibrium 
was calculated to be 75%. The rotation of the acid was determined 
in the usual manner (see previous papers). Equilibrium was reached 
in about 100 hours, this figure being in close agreement with the 
corresponding periods for 8-lactones of the mannose, rhamnose, and 
lyxose series. 


Lactone to acid (c = 1-05). Acid to lactone. 
Time (hrs.). [a}P’. % Lactone. Time (hrs.). [a}!’. % Lactone. 


— 153° 100 
132 84-7 
126 80-5 
123 78-4 
119 75:3 
119 75:3 26 
96 118-1 
150 118-1 


3:4-Dimethyl Rhamnonamide.—Dimethyl rhamnonolactone 
(0-2 g.) was dissolved in dry methyl alcohol (10 c.c.) saturated at 
0° with ammonia. After 15 hours at room temperature the solvent 
was evaporated in a vacuum desiccator containing sulphuric acid. 
The solid residue of dimethyl rhamnonamide was recrystallised from 
ethyl alcohol and light petroleum, giving colourless needles, m. p. 
152—155°, soluble in water, methyl alcohol or ethyl alcohol but 
insoluble in light petroleum (Found: C, 46-4; H, 84; N, 6-4; 
OMe, 29-2. C,H,,0;N requires C, 46-4; H, 8:3; N, 68; OMe, 
29-9%). 

The presence of an a-hydroxy-group in this amide was proved by 
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applying Weerman’s test (loc. cit.). Special precautions were taken 
to ensure the purity of the reagents used, and control experiments 
were performed simultaneously, both with amides containing 
a-hydroxy-groups and with amides containing «-methoxy-groups 
(compare Avery, Haworth, and Hirst, J., 1927, 2308). Positive 
results were uniformly obtained with the former, and negative 
results with the latter. It was proved that the presence of an 
excess of sodium hypochlorite did not invalidate the method, the 
trustworthiness of which was further substantiated by a series of 
blank experiments which in no case gave any trace of benzaldehyde- 
semicarbazone or hydrazodicarbonamide. 

When dimethyl rhamnonamide (0-04 g.), dissolved in water 
(0-4 c.c.), was treated at 0° with the standard sodium hypochlorite 
solution (0-25 c.c.), the reaction was complete in about 40 minutes 
and the solution no longer gave a coloration with starch-iodide 
paper. Hydrazine sulphate (0-03 g. in 1 c.c. of water) was then 
added, the solution neutralised with sodium carbonate, and 
benzaldehyde (0-2 c.c.) added. After 3 hours the precipitate was 
collected and washed with ether to remove the soluble benzaldehyde- 
hydrazone, leaving a residue of benzaldehydesemicarbazone, m. p. 
221°. In another experiment dimethyl rhamnonamide (0-04 g.) 
was treated as before with sodium hypochlorite ; after 60 minutes, 
0-5 c.c. of a saturated solution of sodium acetate was added, followed 
by the same volume of a saturated solution of semicarbazide hydro- 
chloride. Within a few minutes a copious precipitate of hydrazodi- 
carbonamide, m. p. 258°, was obtained, the presence of an «-hydroxy- 
group being thus proved. 

Simultaneous Deacetylation and Methylation of “ y ”-Monoacetyl 
Methylrhamnoside.—Methylation proceeded normally to give the 
crystalline monoacetyl dimethyl methylrhamnoside when “yy ”- 
monoacetyl methylrhamnoside was treated in the ordinary way 
with methyl iodide and silver oxide which had been prepared by the 
aid of baryta and well washed. If, however, “ activated ” silver 
oxide, prepared by using sodium hydroxide, was employed, the 
acetyl group was to some extent replaced by methoxyl. For 
instance, in one series of experiments in which the “ activated ” 
oxide was used, only a small amount of 2-acetyl 3 : 4-dimethyl 
6-methylrhamnoside, m. p. 67°, was obtained after four methyl- 
ations, and the main product was an uncrystallisable liquid, b. p. 
73°/0-09 mm., nj” 1-4439, [a}§ + 52° in water (c = 1-2) (Found: 
OMe, 43-9%). Nucleation with monoacetyl dimethyl methyl- 
rhamnoside (OMe, 37-5%) was unavailing. Two further methy]l- 
ations with ordinary silver oxide failed to raise the methoxyl 
content, but when the substance was treated with silver oxide 








2479 










POLYSACCHARIDES. PART V. GLYCOGEN. 


to which had been added 10% by weight of solid sodium hydroxide, 
two methylations sufficed to give a good yield (60%) of crystalline 
trimethyl 8-methylrhamnoside, m. p. 52—54° alone or in admixture 
with a specimen prepared by methylating dimethyl rhamnose (see 
above). [a]§ + 106-9° in water (c = 0-6). Complete replacement 
of acetoxyl by methoxyl had thus been effected. 
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CCCX XIX.—Polysaccharides. Part V. Glycogen. 


By Water Norman Hawortu, EpMuNnD LANGLEY Hirst, and 
JoHN Ivor WEBB. 
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p. § In the present communication preliminary results are described 
&-) ff concerning the properties of glycogen, more particularly its complete 
es, hydrolysis to glucose and its behaviour when subjected to acetyl- 
ed § ation or methylation. Glycogen from one uniform source was 
rO- employed in the course of this investigation, although other experi- 
di- ments, which will be communicated, have been conducted on 
- glycogen from a variety of sources. The specimen utilised was a 

good representative sample and contained traces only of nitrogen 
yl and phosphorus products, and 2-7°% of ash, which is a comparatively 
he low figure for commercial samples of glycogen. Even so, as a 
= preliminary, it was deemed advisable to purify the specimen by 
“y electro-dialysis, with the result that the ash content diminished to 






0-37% but the traces of phosphorus were not removed; in other 
respects the purified glycogen retained the properties of the original 
substance. The device was followed of precipitating the glycogen 
from aqueous solution by alcohol, since in parallel experiments on 
starch (Haworth, Hirst, and Webb, J., 1928, 2681) this was shown 
to lead to a more finely divided form of the polysaccharide which 
rendered it more open to attack by reagents. Using this prepared 
material in experiments involving acetylation with acetic anhydride, 
in the presence of either chlorine and sulphur dioxide as catalysts or 
of pyridine, we obtained, in almost quantitative yield, glycogen 
triacetate as a white powder. Apart from the fact that this had a 
denser quality than starch triacetate prepared under similar con- 
ditions, there would appear to be little to distinguish the triacetates 
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of glycogen and of starch, which showed respectively [«]%” + 163° 
and 170° in chloroform solution. 

Deacetylation of the glycogen triacetate gave quantitatively a 
regenerated glycogen having all the characteristic properties of the 
original polysaccharide which had been purified by electro-dialysis. 
By the agency of methyl-alcoholic hydrogen chloride the glycogen 
triacetate was quantitatively converted into methylglucoside, a 
result which demonstrates the presence of glucose units only in the 
polysaccharide. In all the above respects the behaviour of glycogen 
seems to be parallel to that of potato starch. 

A further method of distinguishing the comparative behaviour of 
the two polysaccharides was by the simultaneous deacetylation 
and methylation of glycogen triacetate under conditions which were 
determined after numerous trials. Under the devised procedure 
with glycogen triacetate in acetone solution in contact with methyl 
sulphate and potassium hydroxide, the introduction of methyl 
residues amounting to 40% methoxyl was accomplished in one 
operation, and after five repetitions of this treatment a trimethy] 
glycogen was isolated in a yield of 90%. There was no evidence of 
any arrest of the methylation process at any stage. The trimethyl 
glycogen was indistinguishable in appearance and properties from 
trimethyl starch which had been prepared as a white powder by the 
application of similar methods : 


Trimethyl glycogen. Trimethy] starch. 
[a}®" in chloroform + 208°. [a]}®* in chloroform + 208°. 
M. p. 147° (sintering at 135°). M. p. 145° (with earlier sintering). 
C, 526%. C, 52-4%. 
H, 8-0%. H, 7:9%. 
OMe, 43-7%. OMe, 44-0%. 


The hydrolysis of trimethyl glycogen led to the isolation of 
crystalline 2:3: 6-trimethyl glucose in a yield of 76%. This 
yield represents almost the maximum amount that could be 
obtained from a completely methylated-glycogen when the difficulty 
of isolating this form of trimethyl glucose is taken into account. 

Earlier preliminary experiments on the direct methylation of 
glycogen by Karrer (Helv. Chim. Acta, 1921, 4, 994) and by Macbeth 
and Mackay (J., 1924, 125, 1513) led to the formation, in unrecorded 
yields, of partly methylated glycogens having respectively OMe 32°, 
and 37% (trimethyl glycogen requires OMe, 45-6%). The results 
which are now communicated show that glycogen can be transformed 
into a completely methylated trimethyl derivative in a yield of 
about 90%, by only six or seven treatments with methylating agents. 
In our earlier experiments on starch a similar result was obtained 
with this polysaccharide. The parallel behaviour of glycogen and 








163° 


ly a 
f the 
ysis. 
ogen 
e, a 
| the 
ogen 


ir of 
tion 
vere 
lure 
thyl 
thyl 
one 
thyl 
e of 
hyl 


the 


his 
ty 


th 
ed 


0/ 
/0 


ts 


of 


d 














POLYSACCHARIDES. PART V. GLYCOGEN. 2481 


starch extends also to the ease with which they can be converted, 
by the agency of acetyl bromide, into acetobromomaltose in a yield 
of about 60% (Karrer and Nageli, Helv. Chim. Acta, 1921, 4, 263), 
and it is also reported that glycogen is transformed into maltose by 
enzyme action (Karrer, ‘‘ Polymere Kohlenhydrate,” 1925, p. 95). 
There seems no reason to doubt the view supported by Karrer that 
starch and glycogen are similarly constituted, both structurally and 
configurationally. The difference in the colour reaction with 
iodine may be distinctive, but it is possible to prepare a starch 
fraction which gives the same colour reaction as glycogen. We 
are thus led to the view that glycogen is constituted on the basis of . 
continuous maltose units, that is, of a conjugated chain of «-glucose 
units. The conformation of these glucose units in the total assem- 
blage in the glycogen model may be different from that which 
obtains in starch, but any such difference is so far not detectable by 
the chemical methods we have applied. It would, indeed, appear 
to be more reasonable, in the light of the evidence at present 
available, to attribute to a difference in the size of their respective 
micelles the divergences in properties and behaviour which are 
shown by starch and glycogen. 


EXPERIMENTAL. 


The glycogen was supplied by C. A. F. Kahlbaum. It was 
readily soluble in cold water and the slightly opalescent solution 
was coloured red by iodine. [«]f’ + 192° in water (c = 0-23), 
The air-dried glycogen contained moisture, 5-0% (determined by 
heating a sample at 110° in a vacuum); nitrogen, 0-35%; phos- 
phorus, 0-14% (calculated as P,O;) ; and ash, 2-7% (by incineration). 
On analysis, 4-112 mg. gave 2-529 mg. H,O and 6-245 mg. COQ,. 
These figures, when corrected for moisture and ash, correspond to 
C, 44:8; H, 6-9 (Cale. for C,H,)0;: C, 44-4; H, 62%). 

Purification of Glycogen by Electro-dialysis.—A solution containing 
3 g. of glycogen in 50 c.c. of water was placed in a glass cylinder 
closed at one end with a parchment membrane. Into this was 
lowered a smaller cylinder closed at the bottom by a similar parch- 
ment membrane, and containing a square platinum electrode, 
2 cm.2 in area. The outer cylinder was immersed in water and a 
platinum electrode, 4 cm.? in area, was placed immediately below 
the parchment membrane. The latter electrode served as anode and 
a potential difference of 220 volts was placed across the centre 
compartment. The water in the innermost and outermost com- 
partments was removed from time to time and the experiment was 
continued until the electrical resistance of the centre compartment 
remained constant. No flocculation of the glycogen occurred, and 
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the quality of the parchment membranes was such that no glycogen 
escaped. The product was isolated in the usual manner by the 
addition of alcohol. After being dried in a vacuum at 50°, it was 
indistinguishable from the glycogen originally used, except that the 
ash content had dropped to 0-37%. The phosphorus had not been 
removed. Electro-dialysis had therefore effected considerable 
reduction of the ash content without altering the chemical properties 
of the material. The purified glycogen showed [«]# + 191-4° in 
water (¢ = 0-4) and gave a red colour with iodine (Found : C, 44-6; 
H, 6-5. Cale. for C,H,,0;: C, 44-4; H, 62%). 

Acetylation of Glycogen.—(a) With chlorine and sulphur dioxide 
as catalysts. Glycogen (8 g.) was dissolved in water (80 c.c.), and 
absolute alcohol (800 c.c.) added with stirring. The precipitated 
glycogen was kept for 1 hour under alcohol and then ground with 
more alcohol. After being washed with ether, it was dried for 15 
hours at room temperature in a vacuum desiccator. Glacial acetic 
acid (50 c.c.) containing a little chlorine was then added, and the 
mixture stirred for 30 minutes. After the addition of acetic 
anhydride (80 c.c.) containing a weight of sulphur dioxide equal 
to that of the chlorine, the mixture was stirred for 1 hour at 15° and 
then at 55°, until a clear solution was obtained (3 hours). This 
was poured into an excess of cold water and the precipitated glycogen 
triacetate was washed successively with water, alcohol, and ether 
and dried in a vacuum at 50° for several hours (yield, 95% of the 
theoretical). Glycogen triacetate was thus isolated as a heavy 
white powder, markedly different in bulk from the same weight of 
the light impalpable starch triacetate obtainable from starch under 
precisely similar conditions. It was neutral to litmus and had no 
action on boiling Fehling’s solution. It decomposed at about 177° 
without showing a definite m. p. and had [«]?” + 163° in chloroform 
(c = 1-0). It was soluble in chloroform or acetone, but insoluble in 
ethyl alcohol, methyl alcohol, or water (Found: C, 49-9; H, 5-8. 
Cale. for C;,H,,0,: C, 50-0; H, 5-6%). 

Acetylation of glycogen by the above method, but with omission 
of the preliminary precipitation with alcohol, proceeded much more 
slowly, required an excessive quantity of catalyst, and gave inferior 
yields. The properties of the resulting acetate were identical with 
those described above. 

(b) In presence of pyridine. The acetylation was carried out by 
Brigl and Schinle’s method (Ber., 1929, 62, 99). When freshly 
precipitated glycogen (2 g.) was heated with pyridine (32 c.c.) and 
acetic anhydride (20 c.c.) at 80°, a clear solution was obtained after 
20 hours, whereas the untreated material did not dissolve completely 
in 3 days. The products were isolated by pouring the clear solution 
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(filtered through glass wool if necessary) into water, the subsequent 
treatment being similar to that given above. The properties of the 
acetates were identical with those of the glycogen triacetate obtained 
by method (a). Yield, 87—90% of the theoretical. 

Regeneration of Glycogen from the Acetate-—Glycogen triacetate 
(4 g.) was shaken with N/2-alcoholic potassium hydroxide (100 c.c.) 
at 20° for 30 minutes. The excess of alkali was then exactly 
neutralised with acetic acid and the regenerated glycogen was 
removed by filtration and ground with alcohol. The washing, with 
alcohol containing a little acetic acid, was repeated until the whole 
of the alkali had been removed; the glycogen was then dissolved 
in 100 c.c. of water, reprecipitated with alcohol (400 c.c.), washed 
with ether, and dried in a vacuum at 50° (yield, quantitative). 
This material possessed the characteristic properties of glycogen 
and in particular it gave with iodine a red-brown colour of the 
same intensity as did the original glycogen. The phosphorus con- 
tent was small, but in other respects it was impossible to distinguish 
between this material and the glycogen which had been purified by 
electro-dialysis. [a] + 191° in water (c = 0-4) (Found: C, 44-4; 
H, 6-5%). 

Conversion of Glycogen Triacetate into Methylglucoside—Glycogen 
triacetate (2-950 g.) was heated at 125° for 16 hours in a sealed tube 
containing 1% methyl-alcoholic hydrogen chloride (45 c.c.). The 
acid was then neutralised with silver carbonate, and the neutral 
solution evaporated to a syrup under diminished pressure. At this 
stage coagulation of colloidal silver occurred and, in order to 
eliminate this, the syrup was dissolved in ethyl alcohol and the 
solution filtered. On evaporation, a clear colourless syrup now 
remained which soon crystallised. The crystalline mass consisted 
exclusively of «- and 8-methylglucosides (yield, 1-95 g., t.e., 98% of 
the theoretical). M. p. 110—130°. [«]i§’ + 96° in methyl alcohol 
(c = 0-6); [«}§ + 106° (equilibrium value in methyl-alcoholic 
hydrogen chloride). These figures are in agreement with those 
recorded for the equilibrium mixture of «- and $-methylglucosides 
(Found: C, 43:1; H, 7-2; OMe, 15-9. Cale. for C,H,,0,: C, 
43-25; H, 7:2; OMe, 16-:0%). When the solid was recrystallised 
from absolute alcohol, pure «-methylglucoside, m. p. 165°, was 
readily obtained. 

Simultaneous Deacetylation and Methylation of Glycogen Tri- 
acetate—The glycogen triacetate (10 g.) was dissolved in acetone 
(100 c.c.) and treated at 50° during 90 minutes with 30% aqueous 
sodium hydroxide (112 c.c.) and methyl sulphate (40 c.c.), with 
vigorous stirring. After being heated for 30 minutes at 100°, the 
solution was cooled in ice, sulphuric acid added until the solution 
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was faintly alkaline, and the neutralisation of the sodium hydroxide 
completed by the addition of an excess of carbon dioxide. The 
mixture was then filtered and the liquid and solid portions were 
separately extracted with chloroform. The united chloroform 
extracts, when evaporated, gave methylated glycogen as a colourless 
glass, exactly similar in appearance and properties to methylated 
starch of equal methoxy! content. After one methylation the 
methoxyl content ranged from 35—40% according to the conditions 
of methylation, the latter figure being obtained by the use of 
potassium hydroxide in place of sodium hydroxide. No evidence 
was obtained of a definite arrest of the methylation process at any 
stage. The yield of methylated glycogen was 97—98% of the 
theoretical, based on the weight of glycogen triacetate employed. 

Further methylations under similar conditions resulted in a 
regular rise in the methoxyl content and, after 6 or 7 treatments in 
all, the methylated glycogen gave analytical figures in close agree- 
ment with those required by the trimethyl derivative. The chloro- 
form extract from the final methylation gave, on evaporation, 
trimethyl glycogen as a light yellow-glass. This could be obtained 
as a white powder by dissolving it in acetone, evaporating the 
solution to a syrup, and boiling the residue with light petroleum 
(b. p. 40—60°). The petroleum was then removed by filtration, 
and the solid dried at 100° ina vacuum (yield, 90% of the theoretical, 
based on the weight of glycogen triacetate employed). 

Trimethyl glycogen was indistinguishable in appearance and 
properties from trimethyl starch. It did not reduce Fehling’s 
solution. It was soluble in chloroform or acetone, became gelatin- 
ous, without dissolving, in alcohol or water, and was insoluble in 
ether or light petroleum. M. p. 147°, with previous softening at 
135°. [a}® + 208° in chloroform (c= 1-0) (Found: C, 52-6; 
H, 8-0; OMe, 43-7. Calc. for C,H,,0;: C, 52-9; H, 7-8; OMe, 
45-6%). 

Hydrolysis of Trimethyl Glycogen.—Trimethyl glycogen (4:35 g.) 
was boiled for 24 hours with 2% methyl-alcoholic hydrogen chloride. 
The product (4-82 g.) was isolated in the usual way (see previous 
papers) and gave, on distillation, 2 : 3 : 6-trimethyl methylglucoside, 
b. p. about 100°/0-03 mm., nif’ 1-4578 (yield, 80%) (Found : OMe, 
51-8. Cale.: OMe, 52-6%). A viscid undistillable residue (15%) 
appeared to consist either of incompletely hydrolysed or of recon- 
densed material. The 2:3: 6-trimethyl methylglucoside, when 
hydrolysed by boiling with 5% aqueous hydrochloric acid, gave 
exclusively the crystalline 2:3: 6-trimethyl glucose, which was 
obtained as a solid mass of needle-shaped crystals, m. p. 100°, free 
from adhering syrup and consisting of a mixture of the «- and §-forms 
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of 2:3: 6-trimethyl glucose (yield, 95% of the theoretical). One 
recrystallisation from ether sufficed to give the a-form, m. p. 118°, 
alone or in admixture with an authentic specimen. [«]?” -+ 67° 
(equilibrium value in water; c = 1-0). 


The authors are grateful to the Government Grant Committee 
of the Royal Society for a grant which has, in part, met the expenses 
of this investigation. 
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CCCXXX.—The Mechanism of the Degradation of 
Fatty Acids by Mould Fungi. Part IV. 


By Vira SupRamManiAM, Howarp BratrHwaltE Stent, and 
THomas KENNEDY WALKER. 


In continuation of the investigations detailed in Part III (this vol., 
p. 1987) further study has been made of the manner in which 
succinic acid is degraded by the enzymes of Aspergillus niger ; and 
it has been found that the formation of malic acid in cultures on 
calcium succinate media is followed, after an interval of 24—72 
hours, by the simultaneous appearance therein of malonic and 
pyruvic acids, both of which have been characterised as derivatives. 
The intimate chemical and biological relationships subsisting 
between malic, fumaric, and oxaloacetic acids have been emphasised 
by a number of investigations (compare Mayer, Biochem. Z., 1913, 
50, 283; Neuberg and Gorr, ibid., 1924, 154, 495; Raistrick and 
Clark, Biochem. J., 1919, 13, 329; Blanchetiére, Ann. Inst. Past., 
1920, 34, 392; Aubel, Compt. rend., 1921, 173, 179; Quastel, 
Biochem. J., 1924, 18, 365). Moreover, Neuberg and Karczag 
(Biochem. Z., 1911, 36, 68) found that under the influence of the 
enzyme carboxylase oxaloacetic acid undergoes the degradation 
CO,H-CH,"CO-CO,H —> CH,°CO,H + CO, —> CH,;°CHO + CO,, 
and Walker and Coppock (J., 1928, 805) have shown that A. niger 
secretes carboxylase. Hence it is inferred that oxaloacetic acid is 
the immediate precursor of the pyruvic acid detected in the present 
case. The existence of the former in the culture media must be 
regarded as transitory, since means were not found to characterise 
it, an experience in accordance with that of Quastel (loc. cit.), who 
failed to detect this acid during the conversion of fumaric acid into 
pyruvic acid by Bacillus pyocyaneus, although, in this case also, its 
intermediate formation cannot be doubted. 
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Quastel and Whetham (ibid., p. 519) have suggested that pyruvic 
acid can be formed from malic acid by bacterial agency through 
the intermediate production of fumaric acid, followed by that of 
oxaloacetic acid. They consider that it is unlikely to arise by the 
more direct transformations 
CO,H-CH,°CH(OH)-CO,H —> CO,H-CH,:CO-CO,H —> 

CH,°CO-CO,H, 
since they found malic acid to be incapable of donating hydrogen to 
methylene-blue in the presence of non-proliferating B. coli. More 
recently, however, Hahn and Haarmann (Z. Biol., 1929, 88, 587) 
have shown that dehydrogenation of malic acid occurs in the 
presence of washed muscle tissue and methylene-blue, which 
proves that the inability of malic acid to donate hydrogen is not 
general. They isolated the intermediate compound, oxaloacetic 
acid, in the form of its semicarbazone. On this evidence, together 
with the facts that the pyruvic acid formed in our cultures occurred 
in relatively substantial yields following malic acid, whilst fumaric 
acid was not present in sufficient amounts to be detected, we hold 
the opinion that the pyruvic acid 6btained by us arose via direct 
dehydrogenation of malic acid to oxaloacetic acid. 

Two views are also permissible as to the precise mechanism by 
which the malonic acid is formed in the cultures. The stages 
may be : 

(a) CO,H-CH,-CH(OH)-CO,H —> CO,H:CH,°CO-CO,H —> 
CO,H-CH,-CHO —»> CO,H’CH,°CO,H; 
or (6) CO,H:CH,-CH(OH)-CO,H —> 
CO,H-CH,-CHO —> CO,H-CH,°CO,H, 
+ H-CO,H 
fission of malic acid being the first step. 

Scheme (6) has already been put forward by Aubel (loc. cit.) to 
account for the occurrence of malonic and formic acids in cultures 
of B. pyocyaneus on asparagine, in addition to the formation therein 
of malic acid. There is still less experimental evidence for or 
against scheme (a), since information as to whether oxaloacetic 
acid can undergo biological decarboxylation in the «-position as 
readily as in the 8-position is lacking. Wieland (Annalen, 1924, 
436, 229) considers that oxaloacetic acid is oxidised to malonic acid 
by hydrogen peroxide. 

Pyruvie acid is now recognised to be an essential reactant in 
numerous fermentation phenomena, oxaloacetic acid being but one 
of its known precursors, and its probable function as a particularly 
suitable source of nutrition has been discussed by Quastel (Bioche m 
J., 1925, 19, 641). 
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On the contrary, the formation of malonic acid by micro-organisms 
has been recorded in a few cases only (Blanchetiére, loc. cit. ; von 
Lippmann, Ber., 1920, 53, 2070; Challenger, Subramaniam, and 
Walker, J., 1927, 3044) and, so far as we are aware, in no previous 
instance has the mycological production of either this acid or 
pyruvic acid, from succinic acid, been directly demonstrated. 
Although much work has already been carried out on the 
mechanism of the oxidation of succinic acid in vitro, no substances 
intermediate between it and acetaldehyde, which is the first product 
to be recognised, have hitherto been detected. In view of the 
objects of the present research it was necessary to reinvestigate this 
problem. Fenton (J., 1900, 77, 77) found succinic acid to be 
unchanged after contact for 30 minutes with a 6% solution of 
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duets hydrogen peroxide and a ferrous salt in a freezing mixture, whereas 
a under similar conditions malic acid yielded oxaloacetic acid. 
ther 





Further oxidation of the last at 0° afforded first dihydroxymaleic 
acid and secondly mesoxalic acid semialdehyde. From malic acid 
and the reagent at biologically normal temperatures, Fenton 
obtained carbon dioxide and pyruvic acid. Neuberg (Biochem. Z., 
1914, 67, 59) obtained acetaldehyde by treatment of succinic acid 
with 1-2 mols. of hydrogen peroxide and a ferrous salt at 40°, and 
found that under similar conditions the other four-carbon dibasic 
acids of this group gave the same product, though in smaller yields. 
His data fail to show which of these acids is the immediate precursor 
of the aldehyde arising from succinic acid. Wieland (Annalen, 1924, 
436, 229) oxidised the same acids with a large excess (80 mols. : 1 
mol.) of hydrogen peroxide at 100°. Malic acid gave more acetalde- 
hyde than did fumaric acid, and oxaloacetic acid gave none, whence 
he concluded that the aldehyde is derived according to the scheme 


CO,H-CH,-CH(0'H)-CO,H —> CO,H-CH,CHO + H-CO,H —> 
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a CH,°CHO + CO,. 
ein In our opinion the yield of acetaldehyde is scarcely a sound 
or & Criterion on which to base a view of the mechanism of the oxidation, 
tic f] since such a comparison does not take into account the relative 
as § reactivities of the acids to hydrogen peroxide. 

4, After many attempts we have established what appears to be the 





first stage of the degradation of succinic acid by hydrogen peroxide, 
namely, oxidation to malic acid. Malonic acid also has been 
isolated from the reaction products. The method employed was a 
modification of Fenton’s process and involved the use of a relatively 
large concentration of ferrous salt at 30—37°. The malonic acid 
was separated as its insoluble compound with mercuric acetate 
(Denigés, Ann. Chim., 1907, 12, 402) and the malic acid was then 
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characterised by oxidation in the presence of mercuric acetate, 
whereby an insoluble basic mercury salt of oxaloacetic acid was 
obtained. This procedure gave better results than the action of 
hydrogen peroxide on an ammoniacal solution of ammonium 
succinate, although application of the latter method of oxidation §j; 
to malic acid afforded a relatively high yield of malonic acid. 
During the course of these experiments tartaric acid was sought ff; 
amongst the products, but was not detected. It is unlikely, 
therefore, that fumaric acid is the first product of the action of 
hydrogen peroxide on succinic acid, since, were it formed, it 
might suffer conversion into tartaric acid in a manner similar to 
the conversion of crotonic acid into «$-dihydroxybutyric acid by 
hydrogen peroxide as experimentally demonstrated by Wieland 
(loc. cit.). 

The results recorded here and in previous papers of this series 
supply ample proof that the degradations undergone by the lower 
fatty acids, when attacked by hydrogen peroxide in the one case 
and by A. niger in the other, proceed by almost identical stages, that 
is to say, the mould operates principally by a series of peroxidase 
reactions (compare Harrison and Thurlow, Biochem. J., 1926, 20, 
227). 

On the other hand, the recent comprehensive work of Kihnau 
(Biochem. Z., 1928, 200, 29), of Hahn and Haarmann (loc. cit.), and 
of Hahn, Fischbach, and Haarmann (ibid., p. 516) illustrates very 
clearly the close parallels which exist between a number of degrad- 
ative processes undergone by fatty acids in the animal body and 
processes which we have found to occur when the same acids are 
subjected to the attack of the mould; hence this secretes certain 
enzymes (succino-dehydrogenase, fumarase, and 6$-carboxylase) 
common to animal tissues. 

It can be concluded, therefore, that A. niger may be regarded as a 
reagent capable in certain instances of affording helpful information 
in studies of catabolism, and it was with the object of testing its 
applicability in this direction that the present investigations were 
undertaken. In work of this type the use of the mould has advantage 
in some cases over that of hydrogen peroxide, since the former 
operates under milder conditions and, generally, at a slower rate. 
For these reasons intermediate stages can sometimes be established 
in reactions induced by A. niger when this is not possible with 
hydrogen peroxide as the reagent. In illustration of this final point 
may be cited the production of relatively large quantities of lactic 
and $-hydroxyvaleric acids in cultures of A. niger on the correspond- 
ing saturated fatty acids (compare Parts I and II). 
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EXPERIMENTAL. 

Enzymic Conversion of Succinic Acid into a Mixture of Malonic 
and Pyruvic Acids —2000 C.c. of a sterile saturated solution of 
calcium succinate in medium M (as used in the experiments described 
in Part III, loc. cit.) were inoculated with a vigorous sporulating 


id. Bculture of A. niger (of the strain used previously, Parts I—III) and 


incubated, samples being withdrawn for examination daily after 
the mycelium had developed. Malic acid was detected after 13 
days. On the 17th day a sample gave a strong red coloration on 
treatment with benzenediazonium chloride and sodium acetate, 
and a separate sample gave a yellow faint precipitate with a solution 
of 2: 4-dinitrophenylhydrazine hydrochloride. The whole of the 
solution was filtered, strongly cooled, and treated with a solution 
containing the diazonium salt from 17 g. of aniline, followed by 
excess of sodium acetate. Separation of a red product commenced 
immediately. This was removed at intervals (to avoid decom- 
position) and washed with cold water. A small quantity of the 
iried substance added to concentrated sulphuric acid gave a deep 
bluish-green coloration, and a trace of the substance added to con- 
eentrated hydrochloric acid produced a colour similar to that of a 
dilute aqueous solution of potassium permanganate; this shade 
son changed to ruby-red. These reactions are characteristic of 
hydrogen formazyl. The product, after crystallising several times 
from aqueous methy] alcohol and then from benzene—light petroleum, 
melted at 117—118°, alone or in admixture with authentic hydrogen 
formazyl prepared from malonic acid and benzenediazonium 
acetate (Found: C, 69:2; H, 5-4. Cale.: C, 69-6; H, 5-35%). 
The yield (6-1 g.) corresponds to the presence of 2-8 g. of malonic 
acid in the culture solution. 

In another experiment separate samples taken on the 16th day 
from a culture on 2500 c.c. of calcium succinate medium gave a 
strong coloration with benzenediazonium acetate and an immediate 
yellow precipitate with a solution of 2 : 4-dinitrophenylhydrazine 
hydrochloride, respectively. The contents of the flask were filtered 
and divided into portions: (a) 500 c.c. were treated with 1000 c.c. 
of 2: 4-dinitrophenylhydrazine hydrochloride solution containing 
4g. of this reagent and gave 2-5 g. of precipitate; (b) 500 c.c. were 
treated with a solution of 2 g. of p-nitrophenylhydrazine in a mixture 
of 5 c.c. of alcohol and 5 c.c. of glacial acetic acid and yielded 1-4 g. of 
precipitate; (c) 400 c.c. were treated with 4 g. of phenylhydrazine 
dissolved in a little acetic acid and yielded 3-1 g. of derivative ; 
(2) 400 c.c. were treated with a solution of 4 g. of aminoguanidine 
nitrate in a little water and deposited 1-9 g. of precipitate; (e) the 
residual culture solution (600 c.c.) was treated with a solution of 

4P 
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benzenediazonium acetate prepared from 7 g. of aniline and yielded 
3°95 g. of hydrogen formazyl. Derivative (a) was recrystallise 

several times from alcohol; it then melted at 221°, alone or mixed 
with a genuine specimen of the 2; 4-dinitrophenylhydrazone oj 
pyruvic acid, m. p. 221—222°. Derivative (b) after recrystallisatio 

from alcohol had m. p. 229—230° (decomp.), alone or in admixture 
with the p-nitrophenylhydrazone of pyruvic acid, m. p. 228° 
(decomp.). Derivative (c) on purification melted at 191° (decomp.), 
alone or mixed with the phenylhydrazone of pyruvic acid (Found by 
micro-analysis: C, 60-7; H, 5-7. Cale.: C, 60-7; H, 5-6%). 
Derivative (d) was recrystallised several times from large quantities 
of hot water. It did not melt at 350° and was identical in physical 
properties with the aminoguanidine nitrate derivative of pyruvic 
acid. 

Oxidation of Succinic Acid by Hydrogen Peroxide in the Presence 
of Ferrous Sulphate. Detection of Malic Acid and of Malonic Acid.— 
(A) Ferrous sulphate heptahydrate (32 g.) and concentrated sul- 
phuric acid (4 c.c.) were brought into solution in 200 c.c. of water 
at 30°. (B) Succinic acid (20 g.; 1 mol.) and 6% hydrogen peroxide 
(64 c.c.; 1 atom of oxygen) were dissolved in 800 c.c. of water ai 
30°. (A) was added to (B) with vigorous agitation. The ten- 
perature rose immediately to 37°, the solution assumed a port-wine 
colour, and after 20 minutes no hydrogen peroxide remained. The 
mixture was heated almost to boiling; an odour of acetaldehyde 
was then observed and sufficient caustic soda was added to precipi- 
tate the iron as hydroxide. The cooled, filtered, pale yellow 
solution, which was free from iron, was acidified with acetic acid, 
treated with one-tenth of its volume of a 5% solution of mercuric 
acetate in dilute acetic acid, and boiled...The white precipitate 
(X) formed was removed after 5 hours’ standing and the filtrate, 
containing mercuric acetate and, presumably, malic acid, was 
oxidised, 50 c.c. at a time, by a 2% aqueous solution of potassium 
permanganate which was added drop by drop, at. 100°; a greyish 
mereury compound, presumably that of oxaloacetic acid, separated. 
These precipitates were combined, filtered off when cold, and washed 
free from acetic acid. The total quantity was mixed with a 20%, 
aqueous solution of sodium iodide and cautiously. distilled, the 
distillate being collected in a cooled receiver. One half (a) of the 
distillate was mixed with a solution of dimethyldihydroresorcinol 
(1 g.) in 25 c.c. of ethyl alcohol free from acetaldehyde, and the other 
half (6) was treated with 150 c.c. of a solution of 2 : 4-dinitrophenyl- 
hydrazine hydrochloride. After 12 hours, solution (a) was poured 
into 200 c.c. of cold water; a white crystalline precipitate (0-3 g.) 
was then deposited. This was redissolved in alcohol and poured 
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again into 200 c.c. of water; after drying, the substance then had 
m. p. 140—141°, alone or in admixture with an authentic specimen 
edi of aldomedon, m. p. 140—141° (Found by micro-analysis: C, 70-6; 

OH, 83. Cale.: C, 70-6; H, 85%). Solution (b) rapidly deposited 
ion orange-coloured crystals (0-2 g.), which were washed and recrystal- 
lised twice from ethyl alcohol; they then had m. p. 162°, alone or 
mixed with an authentic specimen of acetaldehyde 2 : 4-dinitro- 
phenylhydrazone, m. p. 161—162°. The degradation of the 
mercury compound of oxaloacetic acid to acetaldehyde in the above 
manner has beendemonstrated in previous work (compare Challenger 
and Klein, this vol., p. 1644; see also Part III, loc. cit.). 

The white precipitate (X) of a mercury compound, which had 
been removed previously by filtration from the mother-liquor 
containing the malic acid, was dried, suspended in ether, and the 
mercury removed by hydrogen sulphide. The ethereal solution was 
extracted with a slight excess of a saturated solution of sodium 
carbonate. The alkaline extracts were neutralised with acetic acid 
and evaporated and the residue was dried in a vacuum. It was 
finely powdered, intimately mixed with 25 drops of freshly distilled 
cinnamaldehyde and 3 c.c. of glacial acetic acid, and the whole 
heated in a sealed tube at 100° for 10 hours. The mixture was dis- 
solved in a little water and treated with excess of sodium carbonate, 
and unchanged cinnamaldehyde extracted by ether. The alkaline 
solution was filtered and acidified with hydrochloric acid; a very 
small quantity of a lemon-yellow precipitate was then obtained. 
After drying, this had m. p. 204—206° (decomp.), Cinnamylidene- 
malonic acid melts at 206—208°. There was insufficient material 
for recrystallisation. The substance became white superficially on 
exposure to light, a property of cinnamylidenemalonic acid. 

After further experiments had been made to determine the 
optimum conditions for the formation of malonic acid by oxidation 
of succinic acid, the following relative proportions of reagents were 
employed: succinic acid: hydrogen peroxide: ferrous ion = 
1:3: 0-14. Appropriate quantities of these in the necessary volumes 
of water were mixed and the subsequent formation of malonic acid 
was detected by benzenediazonium acetate. After removal of iron 
as ferric hydroxide the reaction mixture was treated as in the previous 
case. The sodium carbonate extract of the product, presumably 
containing sodium malonate, was evaporated and 0-8 g. of the dry 
residue was powdered finely and treated with cinnamaldehyde as 
before. The. condensation product (0-12 g.), when purified from 
alcohol, had m. p. 208° (decomp.), alone or mixed with authentic 
cinnamylidenemalonic acid of m. p. 208° (decomp.) (0-1120 g. 
required 20-4 c.c. of N/20-NaOH. Calc., 20-30 c.c.). 
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Oxidation of Malic Acid by Hydrogen Peroxide in the Presence of 
Ammonia. Isolation of Malonic Acid.—The oxidation mixture 
(ammoniacal hydrogen peroxide) employed in the following experi. 
ment is similar to that used for the oxidation of butyric acid by 
Weitzmann (J. Biol. Chem., 1921, 49, 123). dl-Malic acid (5 g.) was 
dissolved in a 20-volume (6%) solution of hydrogen peroxide 
(100 c.c.), and the liquid was made just alkaline with concentrated 
aqueous ammonia and diluted to 150 c.c. with water. The whole 
was kept at 20° and samples were tested periodically at —2° by means 
of a solution of benzenediazonium acetate. After 6 hours, malonic 
acid was detected by the red coloration thus produced. The quantity 
increased and later samples yielded precipitates of hydrogen 
formazyl. After 30 hours, the formation of the latter reached a 
maximum, whereupon the bulk of the reaction mixture was shaken 
with animal charcoal (5 g.) to remove the undecomposed hydrogen 
peroxide still present. The solution was filtered, boiled, and treated 
with excess of calcium chloride solution. After concentration to 
100 c.c. and subsequent standing for 3 days, the white crystalline 
precipitate (5-25 g.) was collected, washed with water, and dried in 
a vacuum [Found: Ca, 21-7. Cale. for CH,(CO-O),Ca,2H,0: 
Ca, 22-3%]. A quantity of this calcium salt (1-5 g.) was heated in a 
sealed tube with glacial acetic acid (5 c.c.) and freshly distilled 
cinnamaldehyde (30 drops) at 100° for 10 hours. The product was 
purified as detailed in a previous case and yielded 0-32 g., which 
melted at 208° (decomp.), alone or mixed with authentic cinnamylid- 
enemalonic acid of m. p. 208° (decomp.) (0-1510 g. required 27-4 c.c. 
of V/20-NaOH. Calc., 27-7 c.c.). 

The original Aspergillus niger strain employed in the work which 
has formed the subject of the present series of papers was kindly 
presented to us by Dr. C. Neuberg of Berlin-Dahlem. It has also 
been used in investigations on the mechanism of citric acid formation 
(J., 1927, 200, 3044). Cultures have been lodged at the National 
Collection of Type Cultures, Lister Institute, and a complete report 
on the mould will be published shortly in a paper by Dr. F. 
Challenger and one of us. 


A grant from the Research Fund Committee of the Chemical 
Society which has defrayed part of the cost of the above investig- 
ation is gratefully acknowledged. 
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CCCXXXI.—Derivatives of Dihydropentindole. 
Part II. 


By Sypney GLENN PRESTON PLANT. 


In view of the varied nature of the addition products formed when 
nitric acid acts upon the 9-acyltetrahydrocarbazoles (I) (Perkin 
and Plant, J., 1923, 123, 676; Manjunath and Plant, J., 1926, 
2260; Plant and Rosser, J., 1928, 2454; Plant and Rutherford, 
this vol., p. 1970) it became of interest to continue in certain 
directions the investigation of the reactions of derivatives of dihydro- 
pentindole (II; R =H), a preliminary study of which has been 
described (Perkin and Plant, J., 1923, 123, 3242). In order to 
identify some of the products formed during the course of this work, 


H, 
H : H —H 
COCR: Cee VS, i 
Nr i, 


NR H, NR H, 
(I.) (II.) (III.) 

the 4-, 5-, 6-, and 7-nitrodihydropentindoles have been prepared. 
An application of Fischer’s indole synthesis to cyclopentanone-o- 
and -p-nitrophenylhydrazones led to the 7- and the 5-nitro-com- 
pound, respectively, and a similar procedure with the m-nitro- 
phenylhydrazone gave a mixture of the 4- and the 6-nitro-derivative. 
Since it is not known which of the two alternative positions is 
occupied by the nitro-group in each of the last two substances, one 
(m. p. 153°) has been called the 4 (or 6)-, and the other (m. p. 199°) 
the 6 (or 4)-nitrodihydropentindole. It is interesting to recall that, 
in the case of cyclohexanone-m-nitrophenylhydrazone, the action 
of dilute sulphuric acid leads to only one of the two possible isomeric 
nitrotetrahydrocarbazoles (Perkin and Plant, J., 1921, 119, 1825). 
It has now been possible to prove, by hydrolysis, that the two nitro- 
substitution products (m. p.’s 195° and 154°) of 8-acetyldihydro- 
pentindole, described in Part I, have the 4 (or 6)- and the 6 (or 4)- 
configuration, respectively. In addition, 4 (or 6)-nitro-8-benzoyldi- 
hydropentindole has been obtained directly from the corresponding 
8-acyl derivative. It thus transpires that, as in the tetrahydro- 
carbazole series, direct nitration of the 8-acyldihydropentindoles in 
acetic acid solution results in meta-substitution with respect to the 
>NR group. 

In Part I it has been shown that the action of nitric acid on 
8-acetyldihydropentindole yields, not only these substitution 
products, but also an addition compound (III; R = Ac), and it 
has been found during the course of the present work that, under 








2494 PLANT: DERIVATIVES OF DIHYDROPENTINDOLE. PART It. 


similar conditions, the 8-benzoyl and 8-carbethoxy-derivatives also 
give exactly analogous products (III; R = Bz and CO,Et). These 
results are both interesting and surprising, because, in the closely 
related tetrahydrocarbazole series, the benzoyl compound alone 
gives a substance of this type, whilst the other acyl derivatives so 
far investigated have all yielded products by the addition of two 
hydroxyl groups at the double linkage. 

The nitric acid addition compounds (III; R = Ac, Bz, and CO,Et) 
now described are characterised by the remarkable differences dis- 
played in their reactions. The acetyl derivative was found to be 
readily soluble in cold aqueous potassium hydroxide, and, after the 
solution had been acidified with acetic acid, a substance was obtained 
which resulted from the removal of the acetyl group by hydrolysis. 
The product of this reaction, therefore, appears to be 10-nitro-9- 
hydroxytetrahydropentindole (II1; R =H). The benzoyl compound 
(III; R = Bz), on the other hand, was found to be both insoluble in, 
and unchanged by, aqueous potassium hydroxide, but it dissolved 
gradually in a boiling aqueous-alcoholic solution of this reagent, 
and, on acidification, ‘y-o-benzamidobenzoylbutyric acid (IV; 
R = Bz) was obtained. Further treatment of the latter compound 
with hot aqueous potassium hydroxide gave as the main product a 


CO 
0-[CH,],-CO,H C-CH,-CH,-CO,H 
(IV.) Cai : ‘Ph (V.) 
NH 


substance which was derived by the elimination of a molecule of 
water and was, consequently, probably (-2-phenyl-4-quinolone-3- 
propionic acid (V). In this series of reactions the benzoyl compound 
(IIL; R= Bz) behaves in a somewhat similar manner to the 
corresponding tetrahydrocarbazole derivative. The carbethoxy- 
compound (III; R = CO,Et), like the acetyl derivative, readily 
dissolved in cold aqueous potassium hydroxide, but gave, under 
these conditions, ‘y-0-carbethoxyaminobenzoylbutyric acid (IV; 
R = CO,Et), from which the corresponding amino-acid (IV; R = H) 
was obtained by the action of hot aqueous alkali. 

In the tetrahydrocarbazole series the nitric acid addition products 
can be converted into the corresponding dihydroxy-compounds 
(through replacement of NO, by OH) by the action of boiling 
alcohol. The various substances of the type (III) now described 
were found, on the other hand, to be quite stable under these 
conditions. The most striking feature of the results recorded in 
this communication is the remarkable difference observed in so 
many of the reactions of such closely related compounds. 
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also EXPERIMENTAL. 
hese § The Nitrodihydropentindoles.—After a solution of p-nitrophenyl- 
sely Bhydrazine (9 g.) and cyclopentanone (7-5 g.) in alcohol (100 c.c.) had 
lone §been boiled for 5 minutes and then allowed to cool, cyclopentanone- 
8 SO Eip-nitrophenylhydrazone was obtained in bright yellow plates, m. p. 
two 154° (Found: N, 19-2. C,,H,,0,N, requires N, 19:-2%). A 
mixture of this hydrazone (5 g.), sulphuric acid (100 c.c. of 30%), 
»Et) Fand cyclopentanone (3 c.c.) was boiled under reflux for 15 minutes, 
dis- Jand the ketone was then removed in steam. After cooling, the 
> be Fsolid product was treated in boiling alcohol with charcoal, and 
the J recovered by treating the filtered solution with water. On crystal- 
med §lisation from alcohol, 5-nitrodihydropentindole was obtained in 
ysis, § orange-coloured needles, m. p. 165° (Found: N, 13-9. C,H ON, 
o-9. # requires N, 13-8%). 
und By a similar procedure, cyclopentanone-o-nitrophenylhydrazone 
>in, § was obtained in reddish-brown plates, m. p. 72°, and was converted 
ved into 7-nitrodihydropentindole, which separated from alcohol in red 
ont, # prisms, m. p. 123° (Found: N, 13-8%). 
IV; cycloPentanone-m-nitrophenylhydrazone was isolated from alcohol 
ind § in orange-red prisms, m. p. 120° (Found: N, 19-2%). The crude 
‘ta H mixture of solids obtained by heating this hydrazone (5 g.} with 
sulphuric acid (150 c.c. of 23%) under reflux for 12 minutes was 
crystallised from alcohol (with charcoal) and 6 (or 4)-nitrodihydro- 
) pentindole was isolated in scarlet plates, m. p. 199° (Found: N, 
135%). After the mother-liquor had been diluted with water, 
and the solid again crystallised from alcohol, a small quantity of a 
of § mixture of nitro-compounds was obtained, but, when the resulting 
.3. § mother-liquor was once again diluted, and the product crystallised 
nd § from a still smaller quantity of alcohol, 4 (or 6)-nitrodihydropentindole 
he § was obtained pure in golden-yellow needles, m. p. 153° (Found: N, 
cry- § 14.2%). The relative quantities of the 6 (or 4)- and 4 (or 6)- 
ily § derivatives formed in this reaction were in the ratio of approxim- 
ler ately 3:1. 
V; When the nitro-8-acetyldihydropentindole (m. p. 195°), pre- 
H) § pared by Perkin and Plant (oc. cit.), was treated for 10 minutes with 
boiling aqueous-alcoholic potassium hydroxide, the product obtained, 
tgs ff recovered by the addition of water, proved to be identical with the 
ds § 4 (or 6)-nitrodihydropentindole described above, since it separated 
ig §j from chloroform in orange-coloured prisms, m. p. 153° (not depressed 
1d | by admixture with the synthetical product). The second nitro- 
se | substitution product (m. p. 154°) of Perkin and Plant (loc. cit.), 
on similar treatment, yielded 6 (or 4)-nitrodihydropentindole (m. p. 
199°), identical in every way with the synthetical compound. 
Reactions of 10-Nitro-9-hydroxy-8-acetyltetrahydropentindole.—This 
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substance, mentioned in the previous communication, was prepared 
free from the nitro-substitution products by treating a solution of 
8-acetyldihydropentindole (10 g.) in glacial acetic acid (40 c.c.) at 
65° with fuming nitric acid (3°5 c.c., d 1-5). The temperature rose 
immediately and the solution boiled. On cooling and stirring, the 
product (3 g.) separated; after being collected and washed with 
acetic acid, it was obtained pure and colourless. Its solution in 
alcohol was boiled for 24 hours, but, on cooling, it separated quanti- 
tatively and unchanged. 

This addition product (2 g.) dissolved rapidly in aqueous potassium 
hydroxide (25 c.c. of 20%) at room temperature, and, on dilution 
of a test portion with water, nothing separated. The main part of 
the solution, after 3 minutes,-was acidified with acetic acid; it then 
remained clear for a few seconds and subsequently became turbid 
owing to the separation of an oily product. This solidified on being 
stirred, and, after crystallisation from alcohol, 10-nitro-9-hydrozy. 
tetrahydropentindole was obtained in colourless plates, m. p. 160° 
(decomp.) (Found: C, 59-8; H, 56; N, 12-4. C,,H,,0,N, 
requires C, 60-0; H, 5-4; N, 12-7%). After its solution in alcohol 
had been boiled for 2 hours, and the solvent then distilled off, this 
substance was recovered unchanged. 

Action of Nitric Acid on 8-Benzoyldihydropentindole—A mixture 
of dihydropentindole (12 g.), acetone (80 c.c.), and aqueous 
potassium hydroxide (20 c.c. of 66%) was treated gradually with 
benzoyl chloride (16 c.c.), the whole being vigorously shaken. The 
product was isolated by dilution with water, and, after crystallisation 
from alcohol, 8-benzoyldihydropentindole was obtained in large 
colourless plates, m. p. 99° (Found: N, 5-3. C,gH,,ON requires 
N, 54%). By boiling its solution in aqueous-alcoholic potassium 
hydroxide for 15 minutes and subsequently adding water, dihydro- 
pentindole was obtained. 

A solution of the benzoyl compound (31 g.) in glacial acetic acid 
(120 c.c.) at 65° was treated with nitric acid (12 g., d 1-4), dissolved 
in acetic acid (15 c.c.). The temperature rose rapidly to 90°, and, 
after cooling and stirring,a mixture (15 g.) of two products separated. 
When this was crystallised from acetone, 10-nitro-9-hydroxy-8- 
benzoyltetrahydropentindole separated in colourless plates (6 g.), 
m. p. 187° (Found : N, 8-6. C,,H,,0,N, requires N,8-6%). After 
the acetone mother-liquor had been evaporated, and the solid 
recrystallised from alcohol, 4 (or 6)-nitro-8-benzoyldihydropentindole 
(4:5 g.) was obtained in yellow needles, m. p. 160° (Found: N, 9-0. 
C,,H,,0,N, requires N, 9-1%). When a solution of this product in 
aqueous-alcoholic potassium hydroxide was boiled for 5 minutes 
and then diluted with water, 4 (or 6)-nitrodihydropentindole (m. p. 
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153°) was obtained and was proved by a mixed m.-p. determination 
to be identical with the synthetical product. 

The addition product (III; R = Bz) was completely unchanged 
after its solution in alcohol had been boiled for 2 hours, being 
recovered in @ pure condition by distillation of the solvent. It 
was quite insoluble in 20% aqueous potassium hydroxide, even on 
‘Bboiling for a few moments, and was recovered unchanged. When 
“this substance (2 g.) was added to a boiling mixture of alcohol 
(50 c.c.) and aqueous potassium hydroxide (12 c.c. of 7%), it 
gradually went into solution during 20 minutes. The whole was 
then cooled, diluted with water, and acidified with concentrated 
hydrochloric acid. The product separated as an oil, which rapidly 
solidified on stirring, and, after recrystallisation from alcohol, 
y-0-benzamidobenzoylbutyric acid was obtained in colourless prisms, 








© Fm. p. 170—171° (Found: N, 4°4. C,,H,,0,N requires N, 45%). 
Oxy This compound dissolves readily in dilute aqueous ammonia. 

160° When a solution of this acid (2 g.) in aqueous potassium hydroxide 
Ny; (35 c.c. of 159%) was heated on the steam-bath for an hour, then 
“ diluted with an equal volume of water and acidified with concen- 


trated hydrochloric acid, nothing separated, but, after the solution 
had been made alkaline again and. re-acidified with acetic acid, 
a colourless product was obtained. This was purified by boiling 
for @ few moments with acetone, in which the main portion was 
sparingly soluble, and subsequently crystallised from aqueous 
alcohol, from which §-2-phenyl-4-quinolone-3-propionic acid separated 
in colourless prisms, m. p. 218—220° (Found: C, 73-3; H, 5:3. 
C,3H,,0,N requires C, 73-7; H, 5-1%). 

Action of Nitric Acid on Ethyl Dihydropentindole-8-carboxylate.— 
This ester was obtained by a process similar to that employed for 
the 8-benzoyl derivative, an equal volume of ethyl chloroformate 
being used instead of benzoyl chloride. It separated from alcohol 
in colourless prisms, m. p. 84° (Found: N, 6-2. C,,H,,0O,N requires 
N, 6°1%), and on hydrolysis with boiling aqueous-alcoholic potassium 
hydroxide, readily yielded dihydropentindole. 

When a solution of the ester (15 g.) in glacial acetic acid (45 c.c.) 
at 55° was treated with nitric acid (5°5 c.c., d 1-4), dissolved in acetic 
acid (6 c.c.), the temperature rose immediately to 90°, but nothing 
separated from the cooled solution after standing for 2 days. The 
solution was then evaporated to small bulk under reduced pressure, 
and, on cooling and stirring, a product, m. p. 120°, was obtained. 
After recrystallisation from alcohol, ethyl 10-nitro-9-hydroxytetra- 
hydropentindole-8-carboxylate was isolated in colourless prisms, 
m. p. 128° (Found: N, 9-9. C,,H,,0;N, requires N, 96%). No 
appreciable quantity of a nitro-substitution product was obtained in 
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this experiment. The above addition product was also obtained by 
the use of fuming nitric acid (d 1-5) under similar conditions. 

The addition product (1 g.) dissolved slowly in aqueous potassium 
hydroxide (50 c.c. of 7%) at room temperature, and, after being 
acidified with glacial acetic acid, the solution remained clear fo 
about 2 minutes and then became turbid. After 24 hours, the 
product had separated as a colourless solid, m. p. 143—145°. On 
crystallisation from alcohol, y-o-carbethoxyaminobenzoylbutyric acid 
was isolated in colourless prisms, m. p. 152° (Found: C, 60-3; 
H, 6-1; N, 5-2. C,,H,,0;N requires C, 60-2; H, 6-1; N, 5-0%). 
In admixture with 10-nitro-9-hydroxytetrahydropentindole, the 
substance melted at a much lower temperature. 

A solution of this acid (1-2 g.) in aqueous potassium hydroxide 
(35 c.c. of 15%) was heated for an hour on the steam-bath, cooled, 
acidified with concentrated hydrochloric acid, and filtered from a 
very small quantity of solid material. It was then made alkaline 
with potassium hydroxide and acidified with acetic acid, whereupon 
the product gradually separated during the course of a few hours. 
After crystallisation from dilute alcohol, y-o-aminobenzoylbutyric 
acid was obtained in pale brown plates, m. p. 125—126° (Found: 
N, 6-9. C,,H,,0,N requires N, 6-8%). 


The author’s thanks are due to Mr. S. U. Evans for assistance in 
the synthesis of the four nitrodihydropentindoles. 


Tae Dyson Prerrins Laboratory, 
OxrForD. [Received, September 12th, 1929.] 





CCCXXXII.—The Chemistry of the Three-carbon 
System. Part XXIII. The Influence of Sub- 
stituent Growps on the Tautomeric Change. 


By Reeratp Parric«x LinsTEAD. 


In the present paper a correlation is attempted of the more recent 
quantitative data on tautomerism in three-carbon systems (J., 1927, 
362, 2579; 1928, 2343; this vol., pp. 1269, 2139, 2153; et cet.) and 
a further example of the change in unsaturated esters is described. 

Accepting the hypothesis that tautomeric change in these as in 
other pseudo-acidic substances (Lapworth, J., 1901, 79, 1265) 
takes place through dissociation (Ingold, Shoppee, and Thorpe, 
J., 1926, 2477), the three-carbon change may be considered as 
proceeding through the establishment of four equilibria, shown 
below for unsaturated ketones : 
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fi Molecule (I.) af-Ion (II. ae 


8 
moths _ jageen — NS ohes 
/N\ > 

i Common ion (III.) 
By-Molecule (V.) By-Ion (IV.) (Enol type.) 
In these formule and in the subsequent discussion, the nomen- 
clature and symbols are those used by Robinson and others and also 
in this connexion by Ingold (loc. cit.; Ann. Reports, 1927, 106, et 
cet.). The two “keto-ions” (II and IV) have been included to 
avoid creating an arbitrary distinction between substances such as 
these ketones and the much more inert but still mobile compounds 
in which there is no group capable of enolisation or similar reaction 
(e.g., hydrocarbons). In the latter type there must be interchange 
between (II) and (IV), but the evidence is that the direct change is 
inappreciable in systems containing an activating group. 
Substituents and Mobility—(1) Activating groups. The existence 
of only one ‘‘ cryptomeric ”’ form can no longer be taken as proving 
(although it suggests) that the system is one possessing a high 
degree of mobility. More trustworthy is the evidence derived from 
a direct comparison of the rates of interchange of related substances 
under identical conditions. As an example, a study of the change 


CH <OH 2 Ch>0-CH,X ==> af-isomeride 


has yielded the following results (Kon and Linstead, this vol., p. 
1269; Kandiah and Linstead, ibid., p. 2139) : 
-CO-CH;.  -CO,Et. -ON. -CO-0. 
800 8 920 o* 

* There is no detectable change in the sodium salts of the carboxylic acids 
under the standard conditions used for the interconversion of the other sub- 
stances—unpublished observation. 

The results for the other series fall into line with these. 

Ingold (loc. cit.) has connected the ability of a group to promote 
prototropic change with its attraction for electrons as shown by its 
m-orienting power in benzene substitution. Further, in substances 
activated by -COR, the promotion of mobility is correlated with the 
electron repulsion of the group R. On these grounds, the mobility 


sequence ~CO-CH,>-CO,Et>-C0-0 is deduced (part of a long 
sequence; Ingold, Shoppee, and Thorpe, J., 1926, 1482) in agree- 
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ment with the experimental figures. Whilst, however, the broad 
connexion between the two phenomena seems clear, it would appear 
that too great emphasis has been laid on the agreement between 
the sequences : the figures for the m-directing power of the activat- 
ing groups when themselves substituted in the benzene ring exhibit 


irregularities when compared with the mobility sequence. 
Group (in order of mobility) ......... -CN. -CO-CH;. -CO,Et. -CO-0. 
% m-Nitration at 0° (Holleman) ... 100 55 68 — 


(2) Alkyl groups. The facts point to a depression of mobility 
with increasing alkyl substitution. This is in agreement with the 
prototropic theory, from which it would be expected that the 
mobility would fall as the three-carbon system acquired electron 
control from the surrounding groups. Part of the effect may, 
however, be due to steric factors, for, applying the argument of 
Flirscheim (J., 1909, 95, 725) on the electrolytic dissociation of 
organic acids, the presence of bulky alkyl groups will inhibit the 
(bimolecular) recombination of the proton without affecting the 
(unimolecular) dissociation. ; 

Substituents and Equilibrium.—tIn this discussion it will be 
assumed that the equilibrium represents a structural constant. 

The constitutive influences of alkyl groups are those most readily 
studied. According to Ingold, terminal («- and y-) alkyl groups 
exercise their customary inductive effect, involving a repulsion of 
electrons. The experimental figures, notably those for equilibria 
of unsaturated acids, are in complete agreement with this view, a 
particularly striking fact being the exceptional stability of pyroterebic 
acid (VIII) to alkali. Ingold, Shoppee, and Thorpe (loc. cit.) have 
concluded from observations on citraconic and itaconic esters that 
the introduction of an electron-attracting group, such as carbethoxyl, 
in the 8-position tends to stabilise the By-phase. The theoretical 
explanation they advance, however, cannot be accepted as a general 
one for groups in the 8-position. Two disturbing factors in systems 
of this type are that the direction of tautomeric change may depend 
upon the configuration of the isomerides and that the effect of the 
introduction of a second unsaturated group varies according to its 
identity or otherwise with the activating group already present in 
the molecule (compare Fittig, Annalen, 1898, 304, 117; 1903, 330, 
292; Fichter and Latzko, J. pr. Chem., 1906, 74, 327; Thiele, 
Annalen, 1901, 319, 196). Whatever may be the explanation of 
the effect of such groups, it seems clearly unsatisfactory to generalise 
from them. Indeed, such generalisation would lead, to take a 
particular example, to a false inference as to the effect of @-alkyl 
groups. It is implied in the original theory that such groups, 
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being opposite in effect to the acceptor groups, would stabilise the 
a8-phase. Actually they have a marked influence favouring the 
8y-position of the bond. This appears to be common to aliphatic 
and alicyclic compounds, the maximum effect being produced by 
the ethyl group (Goldberg and Linstead, J., 1928, 2343). From first 
principles this would seem to be the expected effect of a B-alkyl group, 
for in the common ion (III) the 8-group, by increasing the negative 
nature of the 8-carbon atom, will render it less ready to receive the 
tautomeric electron displacements from the negative pole in the 
activating group and to transmit these to the y-carbon atom, ?.e., 
will inhibit process (a). This will result in preferential formation 
of the By-keto-ion (IV) and an increased amount of the @y-form at 
equilibrium. 

In conclusion, attention may be directed to three other factors 
affecting equilibrium. 

(1) Conjugation. Whatever may be its nature, the existence of 
an additional non-polar element of stability associated with con- 
jugated systems cannot be doubted (see Lapworth and Manske, J., 
1928, 2535). In a three-carbon system this tends, apart from all 
other factors, to stabilise the «8-ion (compare Birch, Kon, and Norris, 
J., 1923, 123, 1367). It may be expected to be most evident when 
the activating group is most “ unsaturated.”’ A clear example of 
its effect is found in the preponderance of the «$-form in all nitrile 
equilibria (Kandiah and Linstead, loc. cit.). 

A similar effect controls the equilibria in three-carbon systems 
terminated by a phenyl group: there the double bond invariably 
approaches the phenyl group regardless of the polar character of 
the migrating group (Linstead and Williams, J., 1926, 2735; Burton 
and Ingold, J., 1928, 1904). Recognition of a distinct non-polar 
element of stability in such compounds makes it unnecessary to 
assume that the phenyl group has opposite polar effects in aniono- 
tropic and in prototropic change. 

In systems possessing this “ conjugated stability ” there would 
appear to be some form of stable association between two electrons of 
the ‘‘ double bond ”’ and the electrons of the unsaturated centre of the 
activating group (compare Baker, Cooper, and Ingold, J., 1928, 122). 

(2) Steric effects. In addition to any polar effect, a substituent 
group will exert a resistance to a mode of recombination by blocking 
the free space around a charged carbon atom. The application of 
this consideration is obvious and it may be deduced that a terminal 
alkyl group will have a steric effect supporting its polar effect. Ori 
the other hand, a @-alkyl group can have no steric effect on equili- 
brium, and this may account for the observed difference between 
the influence of similar groups in the £- and in the y-position. 
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(3) Strain. A decrease of the strain in an alicyclic compound 
brought about by the movement of a double bond may alter the 
equilibrium in favour of the phase associated with the least strain, 
It is doubtful, however, whether this causes major effects of any 
importance and it would certainly appear undesirable to apply such 
considerations to gem-dialkyl compounds (Kon and May, J., 1927, 
1549). 

To amplify consideration of these factors or to assess their 
relative importance further would not be justified by the data 
available. They provide, however, a working basis for further 
investigation. 

The experimental portion of this paper describes the examination 
of tautomeric change in isohexenoic esters. As reversible movement 
of the double bond had previously been observed only in one pair 
of mono-olefinic esters (Linstead and May, J., 1927, 2565; Kon and 
Linstead, this vol., p. 1273), it was obviously desirable to obtain 
confirmatory evidence from a study of similar compounds. The 
isohexenoic esters (VI and VII) were selected for this purpose, 
as it was thought that in them the #y-phase (VII) would show 
considerable stability and that the change would be appreciably 
faster than in the esters already examined (the cyclohexenylacetic 
esters). 


(VI.) CHMe,-CH=CH:CO,Et CMe,=CH-CH,°CO,Et (VIL) 


As observed in the previous work on esters (loc. cit.), sodium 
ethoxide prepared from commercial “ absolute” alcohol and the 
ethoxide prepared from the carefully dehydrated alcohol differ 
markedly in their action. Ethyl At-isohexenoate (VI), treated with 
an equimolecular quantity of N-sodium ethoxide prepared from 
“absolute” alcohol, yielded the ethoxy-ester (IX) and a mixture of 
sodium salts composed mainly of that of the @y-acid, pyroterebic 
acid (VIII). 


(VIII.) CMe,=CH-CH,‘CO,H | CHMe,-CH(OEt)-CH,°CO,Et (IX-) 


When carefully dried alcohol had been used in the preparation of 
the sodium ethoxide, hydrolysis of the ester (VI) was almost entirely 
prevented and the only reactions proceeding were those of equili- 
bration (VI= VII) and of addition of alcohol to the a§-ester. 
After treatment of the «$-ester with an equivalent quantity of 
N-sodium ethoxide at 25° for 6 hours, the low-boiling fraction of 
‘the product showed a greatly increased affinity for iodine chloride 
and a change in physical properties indicating the formation of the 
By-isomeride. Hydrolysis of the equilibrated material under 
conditions precluding isomeric change yielded a product containing 
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a large proportion of the By-acid. Ozonisation of the same material 
gave oxidation products of both the «®- and the #y-ester. There 
could be no doubt, therefore, of the essential change «2——>fy-ester. 
These substances, however, differed from the cyclohexenylacetic 
esters previously examined in the relatively high amount of addition 
compound formed, which is presumably to be attributed to the 
absence of a second §-substituent such as is present in the cyclic 
compounds. This rendered quantitative study of the change a 
matter of some difficulty, as the ethoxy-ester could not be readily 
separated from the unsaturated esters by fractionation. In any 
case an exact determination of mobility was invalidated by the 
considerable side reaction. An approximately quantitative ex- 
amination was carried out by a method, described in the experimental 
portion, which takes advantage of the difference in properties of the 


three esters indicated below : 
% Iodine 
B. p. dir’. ni", _ addition.* 
Ethyl A*-isohexenoate (VI) 60°/13mm. 00-8978 1-4341 0-9 
Ethyl A8-isohexenoate (VII) 58°/llmm. 00-9134 1-4329 91-2 
Ethyl 
(IX 79°/ 8mm. —0-9166 1-4197 4-9 
* Todine addition to esters refers throughout to the percentage addition 
in 30 minutes under the conditions of Linstead and May; loc. cit., p. 2678. 


The approximate figures given in Table I are calculated from the 


data in the experimental section and are expressed in simplified 
form as the proportions of the three esters present in the isolated 
product after definite periods of reaction. 


TABLE I. 


isoHexenoic esters ++ 1 equiv. of N-NaOEt at 25°, 


Time of % Total product. Ratio of 
reaction - —* “ aB- to By- 
Initial material. aB-. “ B-(OEt). ester. 
66 23 86: 14 
55 72: 28 
37 60 : 40 
23 44: 56 
24 41: 59 
0 0 : 100 
0 0 : 100 





Addition is perceptibly faster than tautomeric change in this 
system, as is shown particularly by the fact that the «f-ester pro- 
duced from the #y- adds on alcohol as fast as it is formed. There 
is, however, little change of any sort in the Py-ester, which suggests 
that the equilibrium, as in the corresponding acids, is greatly on 
the By-side. It was not possible to follow the change of the «f-ester 
for more than 4 hours, as continued treatment led to the extinction 
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of the low fraction. An approximate value for the equilibrium was 
obtained by treating a mixture containing 88-4% of the Sy-ester for 
4 hours under the standard conditions : the product contained 8%, «8. 
74% By-, and 18% ethoxy-ester, giving an «8—Sy ratio of 10 : 90, which 
would therefore appear to represent the equilibrium in the tautomeric 
change. Although the mobility cannot be determined with accuracy, 
as the change is no longer a unimolecular reversible reaction, it is 
obviously much greater than that of the esters previously examined. 

The addition of alcohol to the «$-ester is reversible, and in this 
respect resembles the ordinary Michael addition of sodio-esters, the 
reversibility of which was first shown by Vorlander (Ber., 1900, 33, 
3185; Annalen, 1906, 349, 155; compare Ingold and Powell, J., 
1921, 119, 1976). Treated under the standard conditions for 4 
hours, the ethoxy-ester gave a mixture of 10% of the «6- and 29% 
of the By-ester together with 61% of unchanged material . 

It was found impossible to prepare the @y-ester (VII) from the 
corresponding acid through the acid chloride, as this acid (VIII) 
reacted with thionyl chloride to give a mixture of its own acid 
chloride and that of the corresponding y-chloro-acid (X). This 
mixture could not be separated completely, but the chloro-acid 
chloride was obtained almost pure and gave the corresponding ethyl 
ester and anilide. The tertiary chlorine in these compounds was 
very labile. The chloro-anilide lost hydrogen chloride even on 
recrystallisation from hydroxylic solvents, and the chloro-ester 
evolved hydrogen chloride freely on distillation. The product 
in the last decomposition was mainly the Sy-ester, which could not, 
however, be obtained pure by this method (compare Jones and 
Tattersall, J., 1904, 85, 1693). The chloro-acid chloride might be 
formed in two ways: (1) the acid chloride of the By-acid may add 
on the hydrogen chloride liberated in the reaction of the acid with 
thionyl chloride, or (2) isohexolactone may be formed from the 
By-acid and may react with thionyl chloride with the elimination of 
one molecule of sulphur dioxide. The lactonisation of the acid is 
known to be unusually facile (Fittig and Geisler, Annalen, 1881, 208, 
37; Perkin, J., 1902, 81, 256) and the second explanation is perhaps 
the more probable. These reactions are illustrated below : 


(VIZ) ness (VIII) : 
4 |r 809, 
(CMe, CH, CH,-CO] [CMe,°CH-CH,-COCI] 

O | 





| HO 


(XI) CMe,Cl-CH,CH,-CO,Et <z5,- CMe,Cl-CH,-CH,°COCI (X.) 
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ExPERIMENTAL. 


A*-isoHexendic acid (Goldberg and Linstead, loc. cit.) prepared 
in five different experiments showed a close agreement in properties. 
A representative product had b. p. 115—116°/20 mm., np* 1-4489, 
d%* 0-9529, [Rz]p 33-11 (calc., 30-98). This sample had an iodine 
addition of 0-6°% in 10 minutes, the value obtained in the previous 
work being 1-8% (loc. cit., p. 2359). The acid gave the dibromide, 
m. p. 124—125°, isolated by previous workers, but the anilide, 
which forms well-defined needles from alcohol and water, has m. p. 
142° and not 128° as previously recorded. 

Ethyl A+-isoHexenoate (V1).—(a) Through the acid ghloride. The 
«8-acid (27 g.) on treatment with a slight excess of thionyl chloride 
gave 26-5 g. of the acid chloride, b. p. 58—59°/18 mm., which with 
25% excess of ethyl alcohol gave the ester in good yield, 23 g. boiling 
at 76—77°/25 mm. This had nf* 1-4328, d?* 0-9048, [R,]p 40-80 
(calc., 40°33), and an iodine addition of 0-4%. The abnormally 
low refractivity indicated the presence of impurity, and the ester 
was found to contain chlorine and was therefore unsuitable for 
the work in view. Alkaline hydrolysis of this material gave an acid 
product from which nearly 60% of «8-acid free from chlorine could 
be distilled at 104—106°/9 mm. On further distillation, the residue 
exploded violently with the evolution of a gas ( ? hydrogen chloride). 

(b) Direct esterification. The «®-acid (52 g., b. p. 108°/9 mm., 
ne 1-4521, di?* 0-9617) was boiled with ethyl alcohol (120 c.c.) 
and concentrated sulphuric acid (10 g.) for 2} hours. The neutral 
product yielded 51 g. (79%) of a fraction, b. p. 60°/13 mm., together 
with 5 g. (8%) of less pure material. As a test of homogeneity, the 
main fraction was collected in two portions, the physical preperties 
of which were found to be almost identical and to be unchanged by 
further fractionation. This fraction was used as pure «$-ester in this 
work. Its physical properties are recorded on p. 2503 (Found : 
C, 67-4; H, 9-8. C,H,,0, requires C, 67-5; H, 9-9%). 

Hydrolysis with two equivalents of N /2-alcoholic-aqueous potash 
in the cold yielded the pure «f-acid (b. p. 108°/10 mm.; np” 
1-4583 ; iodine addition, 0-4°% in 5 minutes). 

The ester (3-25 g.) in dry chloroform was treated with a current 
of ozonised air for 20 hours. Removal of the solvent and addition 
of water gave an aldehydic oil volatile in steam. This was distilled, 
separated, dried, and redistilled; 1-05 g. (64%) of a substance were 
then obtained boiling at 60—70° and having the general properties 
of isobutaldehyde, with which it was identified by the formation 
of the p-nitrophenylhydrazone, m. p. and mixed m. p. 127—128°. 
No acetone superoxide or formaldehyde could be detected. The 
aqueous residue after removal of the aldehyde was made alkaline 
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and evaporated to small bulk. On acidification, oxalic acid 
separated ; it was identified by m. p. (99°) and the usual tests, 

Ethyl Pyroterebate (VII).—Pyroterebic acid was prepared from 
As-isohexenoic acid by Goldberg and Linstead’s method (loc. cit.). 
In this work the crude acid was distilled under reduced pressure 
without previous distillation in steam and was partly esterified 
under the conditions of Eccott and Linstead (this vol., p. 2153). 
In a typical series of experiments the «f-acid (38 g.) yielded 29-5 g. 
of crude pyroterebic acid, of which 23 g. boiled at 103—106°/13 
mm. This was kept in contact with 80 c.c. of N-alcoholic hydrogen 
chloride and 240 c.c. of absolute alcohol for 4} hours. The mixture 
was worked up in the manner already described (loc. cit.) and 
yielded 23 g. of ester, of which 20-7 g. boiled at 58—59°/11 mm. 
This fraction was pure ethyl pyroterebate and contained no chlorine, 
It had the normal molecular refractivity ([R,], 40-41) and high 
affinity for iodine (91-2%) expected from the #y-structure. The 
freshly distilled material gave correct figures on analysis (Found : 
C, 67-3; H, 9:8. C,H,,0, requires C, 67-6; H, 9-9%), but after a 
month there was distinct evidence of oxidation (Found: C, 64-5, 
64-3; H, 9-6, 9-4%) and the material left a viscous residue on 
distillation. 

Hydrolysis with 15°, sodium hydroxide solution at room temper- 
ature gave pyroterebic acid, identified by the formation of the 
dibromide, m. p. 102° (Williams, Ber., 1873, 6, 1095), which did not 
depress the melting point of an authentic sample. A considerable 
amount of the isomeric isohexolactone was also formed in this 
hydrolysis. - 

The ozonide of the ester was formed in the same way as that of 
the «$-ester and on decomposition with water gave a white crystal- 
line solid volatile in steam. This was identified as acetone superoxide 
by its decomposition with alkali to the ketone and subsequent con- 
version into iodoform (m. p. 119—121° decomp., mixed m. p.). 
No isobutaldehyde was formed by the action of water on the ozonide, 
but a pungent, intensely irritating vapour, apparently formaldehyde, 
was slowly evolved, probably owing to a secondary change (compare 
Briner and Meier, Helv. Chim. Acta, 1929, 12, 529). 

Mixtures of the a®- and fy-esters react with iodine chloride as 
follows : 


CF. OB-TEMNOE  - ccesennccscconececces 80 66-6 50 40 33:3. 20 
Mean % addition ............0++ 20:0 32:0 47-7 6569 63-1 75-5 


Action of Alcoholic Sodium Ethoxide on the Esters.—(1) Alcohol not 
specially dried. The af-ester (6-61 g.) was left over-night with 
1-05 N-alcoholic sodium ethoxide (1 equiv.) at room temperature. 
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After 14 hours, a white crystalline precipitate had formed, which 
was filtered off and washed with ether. On acidification the dry 
odourless solid (1-7 g.) gave an acid, n®™ 1-443, d?* 0-9705, [Rz]p 
31-25; dibromide, m. p. 102°. The experiment was repeated with 
11-7 g. of «6-ester, the change being allowed to proceed for 68 hours. 
The semi-solid mixture was worked up by the method used in 
previous work (Kon and Linstead, this vol., p. 1278) and gave 3-2 g. 
of neutral fraction, b. p. 85—91°/19 mm. (27%—mainly ethoxy- 
ester), and a liquid acid (49°) which on distillation gave 3:1 g. of 
b. p. 110—121°/18 mm. and 1-0 g. of b. p. 121—130°/20 mm. The 
second of these was unsaturated to bromine and permanganate 
and was presumably mainly «$-acid. The first fraction was freed 
from lactone and then had ni’* 1-4434, di?” 0-9746, [R,], 31-06 and 
gave the By-dibromide, m. p. 102°. 

(2) N-Anhydrous sodium ethoxide at 25°. These experiments 
were carried out in exactly the same way as those with the cyclo- 
hexane esters (loc. cit.). The acid fraction was negligible in every 
case. The neutral fraction was divided into an “ unsaturated 
ester” fraction and a “high fraction” boiling below and above 
70°/18 mm. respectively. The results of these experiments are 
shown below. 


Amount Timeof ~¥Y Yield of Undistilled 
Initial used, treatment unsaturated % High residue, 
Expt. ester. g. (hours). fraction. fraction. %. 
1 af 1-94 1 41-2 12-9 3 
2 we 5-47 2 59-4 27-4 -= 
3 oo 3°87 3 45-1 25-8 2 
4 od 3°87 4 30-9 37°4 2 
5 a 9-77 4 32:8 43-0 8 
6 pam 9-29 8 Nil 76-0 5 
7 By 4-92 2 61-0 1: 6 
8 on 2-58 6 32:9 15°5 8 


The physical properties and iodine additions of the various 
unsaturated fractions are given below. These were determined at 
temperatures between 16° and 19°, but have been adjusted to 17° 
for convenience in comparison, the corrections 3(n) = —0-0004 and 
8(d) = —0-0008 per degree rise being used. 


ie, ORS Oe 1 2 3 4 5 7 8 
WI ia scaskh bebe 1-4323 1-4311 1-4300 1-4390 1/4313 1-4325 1-4318 
OF: sasieenidaepiosions 0-9019 0-8993 0-9058 0-9062 0-9051 0-9095 0-9101 
% Iodine addition 131 243 294 365 — 895 83-9 


The ethoxy-ester in the low fraction was estimated from the 
refractive index, a linear relationship being assumed between 
ni” 1-4197 for the ethoxy-ester and nijj" 1-4335 for the unsaturated 
esters. The #y-ester was estimated from the iodine addition, the 
action of the feebly reactive ethoxy-ester being neglected. In 
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calculating the figures already given (p. 2503), it has been assumed 
that in each case the fraction boiling above 70°/18 mm. contains 
60%, of the ethoxy-ester (see below) and that, as the two unsaturated 
esters have virtually the same boiling point, the 40% of unsaturated 
esters in the high fraction are present in the ratio in which they 
occur in the low fraction from the same experiment. 

The two fractions obtained in experiment (5) were further 
examined. The low fraction had C, 66-7; H, 9-9%, equivalent 
to an ethoxy-ester content of 18%, whereas the corresponding 
figure calculated from the refractive index was 20%. On ozonis. 
ation and decomposition in the manner already described, this 
fraction gave: isobutaldehyde, identified as the p-nitrophenyl- 
hydrazone; acetone superoxide, converted into the ketone and 
thence into iodoform; oxalic acid, and the irritating vapour 
(? formaldehyde) previously observed. The high fraction from 
this experiment (b. p. 70—86°/13 mm.) had dif 0-9106, ni? 
1-4252, whence the ethoxy-ester content is 60% (Found : C, 65-1; 
H, 10-2%. A mixture of 40% of C,H,,0, and 60% of C,)H,,0, 
requires C, 65:3; H, 10-2%). Its iodine addition was 23-3%, 
equivalent to 23% of the By-ester. - The other high fractions were 
not examined in detail but were used in the preparation of the 
ethoxy-ester. 

A mixture of 0-684 g. of the «f-ester and 5-205 g. of the By-ester 
(884% By-), after treatment under the standard conditions for 
4 hours, gave 2-6 g. of unsaturated fraction (44%), 20% of high 
fraction, and 9% of residue. The low fraction had ni” 1-4316, 
d?* 0-9079, and an iodine addition of 82-8%, and hence the approx- 
imate composition of the whole was 8% «$-, 74% By-, and 18% 
ethoxy-ester, the «8—-Sy ratio being substantially unaltered. 

To confirm the change «8—->$y-ester, a sample of the «-ester 
was equilibrated in the usual way for 6 hours and the low fraction 
of the product (b. p. 60—68°/8 mm., 4 g.) was hydrolysed with 
10% sodium hydroxide solution at room temperature. The acid 
product was freed from lactone and distilled (3 g.) under reduced 
pressure. The low-boiling fraction (99—104°/8 mm., 1°05 g.) had 
nip* 1-4465, d* 0-9764, and an iodine addition of 67-5% in 
5 minutes, corresponding to a By-content of 87%. The pure By-acid 
has nj” 1-4474, dit” 0-9757, andfadds 76-6% of iodine in 10 
minutes. Further, the low fraction gave the dibromide of the 
By-acid, m. p. 101—102°, unchanged by admixture with an authentic 
specimen. 

The high fractions from the equilibrations were united and frac- 
tionated three times, the fractions boiling above 75°/10 mm. being 
redistilled. In the third distillation nothing came over below 
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ntains§75°/8 mm. and a final distillation gave ethyl B-ethoxyisohexoate (1X) 
as @ colourless oil, less mobile and less odorous than the corre- 
sponding unsaturated esters, and having the physical properties 
already mentioned (Found: C, 63-8; H, 10-5. C, )H,,03 requires © 
C, 63-8; H, 107%). From 15-2 g. of the a$-ester, 1-25 g. of the 
pure ethoxy-ester were isolated, and more was obtained by further 
treatment of the various intermediate fractions with sodium 
ethoxide. The ethoxy-ester has no action on bromine in chloro- 
form and a slow action on permanganate in acetone, whereas the 
«8-ester immediately decolorises the latter reagent. 

On treatment with one equivalent of sodium ethoxide in the usual 
manner for 4 hours the pure ethoxy-ester (1-535 g.) gave 0°85 g. 
pour§ of neutral product, b. p. 65—83°/8 mm., 0-25 g. of which boiled 
from below 70°/8 mm. The united distillates had n®* 1-4239, d?” 

ni" § 0-9108, and an iodine addition of 28-2%, indicating the production 
5-1:8 of unsaturated material. 

130, Action of Thionyl Chloride on Pyroterebic Acid.—Pyroterebic acid 
3%, — (25 g.), purified by distillation in steam and under reduced pressure, 
vere —§ was treated with thionyl chloride (28 c.c.), the action being com- 
the pleted on the steam-bath. After removal of the excess of reagent 
the product was fractionated; it boiled indefinitely at 50—90°/20 
ster J mm. and appeared to consist of two substances, b. p. about 60° 
for § and 85°/20 mm. respectively. The same result was obtained when 
‘igh § the acid chloride was made in two stages, more thionyl chloride 
316, being added to the high-boiling product from the first stage to 
ox- fF ensure that no acid was escaping reaction. The low fractions of 
°% — these preparations on treatment with aniline gave anilides, which 
formed masses of felted needles from dilute alcohol, m. p. 90—100°. 
ter § With ethyl alcohol, esters were obtained, b. p. 66—85°/15 mm., 
ion § and as there seemed to be no prospect of preparing a pure pyro- 
ith § terebic ester directly, the high-boiling impurity was further 
sid § examined. 
ed The high-boiling acid chloride fractions gave anilides which 
ad § formed fairly well-defined crystals, m. p. about 125°, from benzene 
in § and light petroleum. They were united and fractionated a number 
id § of times, a substance being obtained, b. p. 89—90°/18 mm., with 
10 { the characteristic properties of an acid chloride. This appeared 
ne f to be almost pure y-chloroisohexoyl chloride (X), although analyses 
ic (of derivatives) gave rather low values for the chlorine content. 
With aniline in ether, a well-defined anilide was obtained which 
C- after one crystallisation from light petroleum gave bold clusters 
g of needles, m. p. 132°. A mixture with the «f-anilide (m. p. 142°) 
W melted at 129°. On crystallisation from hydroxylic solvents the 
melting point of the product fell and a substance with an indefinite 
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m. p. of 90—100° was eventually obtained apparently identical 
with that formed from the low-boiling acid chloride. The chloro. 
anilide (m. p. 132°) also appeared to be decomposed slightly by 

- continued crystallisation from benzene and light petroleum (Found: 
Cl, 13-2. C,,H,,ONCl requires Cl, 15-7%). 

With ethyl alcohol, the chloro-acid chloride gave the correspond. 
ing ethyl ester (XI), which boiled with little or no decomposition at 
85—92°/13 mm. in the crude state and at 89—92°/13 mm. on 
refractionation (Found: Cl, 17-4, 16-7. C,H,,0,Cl requires Cl, 
19-9%). On being heated at atmospheric pressure, it lost hydrogen 
chloride freely and after two distillations at atmospheric pressure 
the elimination of chlorine was complete. In this way 7:3 g. of 
chloro-ester gave 5 g. of an unsaturated ester, b. p. 171°/751 mm., 
which was mainly ethyl pyroterebate, but the iodine addition 
was only 64:3% as compared with 91-2% for the pure ester. On 
hydrolysis it yielded an acid sufficiently pure to give the dibromide, 
m. p. 100° (mixed m. p. 101—102°), and the chloro-anilide, m. p. 
130° (mixed m. p. 130°). 


The author is greatly indebted to Dr. G. A. R. Kon for his interest 
throughout this work. The expenses have been met with the aid 
of a grant from the Government Grant Committee of the Royal 
Society, to whom the author’s thanks are due. 
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CCCXXXIIT.—Some Reactions of d-8-Octyl Chloro- 
carbonate of Interest from the Standpoint of the 
Walden Inversion. 


By Armanp JosEPpH Henri Hovussa and Henry PHILLIps. 


THE reactions of the chlorocarbonates of optically active hydroxy- 
compounds have hitherto not been utilised in the study of the 
Walden inversion, although, in some respects, they are eminently 
suitable for this purpose. For example, they can be prepared, 
without loss of rotatory power, by the interaction of hydroxy- 
compounds with carbonyl chloride in the presence of a tertiary base ; 
a method which also ensures that the chlorocarbonate produced has 
the same configuration as that of the parent hydroxy-compound. 
Further, they react with alkali salts of carboxylic acids to yield 
carboxylic esters (Otto and Otto, Ber., 1888, 21, 1516; Herzog, 
ibid., 1909, 42, 2557), with sodium p-toluenesulphinate to yield 
p-toluenesulphinic esters (Otto and Rossing, Ber., 1885, 18, 2504), 
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and with tertiary bases to yield halides (Fry, ‘‘ The Electronic Con- 
ception of Valence,” 1921, p. 65). The present communication deals 
with the reactions of d-8-octyl chlorocarbonate * (Hunter, J., 1924, 
125, 1391). 

d-8-Octyl chlorocarbonate reacts with potassium acetate and 
potassium benzoate in what might perhaps be called the normal 
manner, 7.¢., according to the equations (in the case of the benzoate) 








eee xo,c0n, CH oH} 10 
os >. CH -i-C—O0--C—C,H, —> 
__saiaetiaieiiaia i oe 3 mee: = es 


d- aa (I.) 
,° 13 
H. OS Oo, 
d. 


and, within the limits of experimental error, optically pure d-octyl 
acetate and benzoate are obtained. These results are in agreement 
with the view that, as an intermediate stage in the reaction, a mixed 
anhydride is produced which loses carbon dioxide as indicated in (I). 
In other words, the d-8-octyl radical remains attached to an oxygen 
atom throughout the reaction and hence the bonds of the asymmetric 
carbon remain undisturbed. That such mixed anhydrides may be 
formed during these reactions is highly probable, since their isolation 
is reported (D.R.-P. 117267; Friedlander, “ Fortschritte,’’ VI, 146) 
and, if the reactions described are carried out in ethyl-alcoholic 
solution, instead of, for example, d-8-octyl benzoate, the main 
products are d-8-octanol and ethyl benzoate. This result can be 
explained on the assumption that the mixed anhydride (I) decom- 
poses as in the scheme : 


Coes ergpeiwe g mon Cun, O OH 
CH <o—-o—-,n, 2S “CH? “<o-to-++-c.5, 


OEt 
CEOOm CeDO<G. H on as C,H egg + CO, 


These views of the mechanism of the reaction by which d-8-octyl 
benzoate is produced have been substantiated by the study of the 
interaction of d-$-octyl chlorocarbonate and sodium p-toluene- 
sulphinate. The production of p-toluenesulphinic esters by the 
interaction of alkyl chlorocarbonates and sodium p-toluenesulphinate 
is in some ways a unique reaction, since alkyl halides form alkyl p- 
tolyl sulphones with this salt. The preferential formation of alkyl 

* Actually, in some instances, I-B-octyl chlorocarbonate was used, but to 


avoid confusion it is assumed in the theoretical portion of this paper that 
d-8-octyl chlorocarbonate was used throughout. 
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p-tolyl sulphones in this manner implies that, of the two different 
points for attachment which a sulphinoxy-ion presents to an alkyl 
group, viz., the vacant pair of electrons of the oxygen atoms or the 
lone pair of electrons of the sulphur atom, the alkyl group selects 
the sulphur electrons. 


~ inci i 

RCI + CH, bOita — NaCl + C,H, — 0 
+ 

It follows that, during the interaction of an alkyl chlorocarbonate 
and sodium p-toluenesulphinate, the alkyl group is never able to 
make this choice. The reason for this must be that the alkyl group 
remains attached to an oxygen atom throughout the reaction. 
Assuming, therefore, that the initial stage in the interaction is the 
elimination of sodium chloride and the formation of a mixed 
anhydride, it must be concluded that this anhydride decomposes 
with the evolution of carbon dioxide, as indicated in (II) and not as 
indicated in (III), in order to explain the absence of sulphone 
formation. 


(II) Ro-H. O+-S-C,H, R} o- Bo. $c 7H, (1) 


feneewene’ -» j*§~ FF «+ «+, *&.. . feouimaans 


tho 


From these considerations it follows that, if R be an optically 
active radical such as the d-f-octyl radical, it cannot be inverted in 
configuration during the reaction and the d-$-octyl dl-p-toluene- 
sulphinate formed must have the same configuration as the 
d-8-octanol from which the chlorocarbonate was prepared. These 
conclusions are in agreement with the experimental results obtained 
with d-8-octyl chlorocarbonate. Although, owing to its instability 
towards heat, d-8-octyl dl-p-toluenesulphinate was not isolated in 
a state of purity, it yielded d-8-octanol on hydrolysis. This 
reaction was also studied in ethyl-alcoholic solution ; ethyl p-toluene- 
sulphinate and d-$-octanol were then the chief products. 

The reaction between d-$-octyl chlorocarbonate and pyridine 
proceeded smoothly and gave levorotatory $-chloro-octane in good 
yield. According to Houssa, Kenyon, and Phillips (this vol., 
p- 1700), levorotatory 6-chloro-octane has the same configuration 
as /-8-octanol, and therefore this reaction was attended by a Walden 
inversion. In contrast to the reactions previously described, the 
bonds of the asymmetric carbon atom are disturbed, since the 
oxygen-carbon linking is broken. The occurrence of a Walden 
inversion during the formation of the $-chloro-octane is therefore 
possible. The rotation of the /-$-chloro-octane obtained was 
as, — 31-70° (1 = 1-0), which suggests that the reaction is not 
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attended by any pronounced racemisation, since this chloro-octane 
has not so far been prepared with a rotation greater than om 
— 36-68° (1 = 1-0) (Houssa, Kenyon, and Phillips, loc. cit.). 


EXPERIMENTAL. 


The Interaction of |-8-Octyl Chlorocarbonate and Potassium Acetate. 
—A vigorous evolution of carbon dioxide occurred when a mixture 
of /-8-octyl chlorocarbonate (10 g.) and potassium acetate (7-5 g.; 
1:5 mols.) was warmed. From the products, extracted by anhydrous 
ether from the excess of potassium acetate and the potassium chloride 
formed, a small fraction, b. p. up to 83°/28 mm., was isolated. It 
was unsaturated and consisted mainly of octylene. The main 
fraction (3-7 g.) had b. p. 85—91°/28 mm., np* 1-4190, and az, 
—2-1° (1 =0-25). On systematic refractionation it gave two 
fractions : Fraction I had b. p. 86—90°/31 mm., a, —2-20° (J = 
0-25), and n° 1-4192. 0-7500 G. required 0-0339 g. of potassium 
hydroxide for complete hydrolysis (calc. for J-$-octyl acetate, 
0-2442 g.). This fraction was therefore almost pure /-8-octanol, 
which has «%;, —9°60° (1 = 1-0) and n#’ 1-4256. Fraction IT had 
b. p. 90—91°/31 mm., a3, —2-10° (1 = 0-25), and nj” 1-4187. 
0-7040 G. required 0-1739 g. of potassium hydroxide for complete 
hydrolysis (calc. for /-6-octyl acetate, 0:2294 g.). This fraction 
therefore consisted largely of /-6-octyl acetate, which has «%,, 
—6-90° and nij" 1-4168. 

It is thought that the presence of the /-8-octanol is explained by 
the interaction of the mixed anhydride with adventitious moisture. 

The Interaction of d-8-Octyl Chlorocarbonate and Potassium Acetate 
in Ethyl-alcoholic Solution.—A solution of d-$-octyl chlorocarbonate 
(8-6 g.) and potassium acetate (6-4 g.; 1-5 mols.) in ethyl alcohol 
(40 c.c.) was heated under reflux on a steam-bath for 1 hour. The 
reaction mixture was then poured into water, and the product 
isolated inether. It consisted (4-2 g.) of d-6-octanol, b. p. 88—89°/25 
mm., «23, + 2-41° (1 = 0-25), and n?” 1-4259. No racemisation had 
occurred, since the chlorocarbonic ester used was prepared from 
d-8-octanol, «2%, + 9:51° (/= 1-0). In order to prove that the 
d-8-octanol did not arise from the interaction of d-8-octyl chloro- 
carbonate and ethyl alcohol, a solution of the chlorocarbonate in 
ethyl alcohol was examined after it had stood for 10 days. It then 
contained d-$-octyl chlorocarbonate and d-8-octyl ethyl carbonate 
(Hunter, Joc. cit.) and was free from d-8-octanol. 

The Interaction of 1-8-Octyl Chlorocarbonate and Potassium 
Benzoate.—l-8-Octyl chlorocarbonate (10 g.) and potassium benzoate 
(10 g.; 1-2 mols.) were heated together on a steam-bath for 6 hours 
and the mixture was then cooled and extracted with anhydrous 
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ether. From the ethereal extract, an oily residue was obtained 
which did not contain unsaturated products and on distillation 
separated into two fractions: Fraction I (2-8 g.), b. p. 80—90°/28 
mm., Np 1-4255, az — 2-87° (l= 0-25); fraction II (3-8 g.), b. p. 
175—177°/28 mm., 23° 1-4824, «2, —8-68° (1 = 0-25). Fraction II 
was /-8-octyl benzoate and after further purification by distillation 
had b. p. 105—110°/1 mm., n° 1-4840, a%;, —9-27° (1 = 0-25); 
1-0426 g. required 0-2481 g. of potassium hydroxide for complete 
hydrolysis (cale. for 1-8-octyl benzoate, 0-2484 g.). Pickard and 
Kenyon (J., 1915, 107, 122) record the queuing otnatetitn for 
d-8-octyl benzoate: b. p. 171°/20 mm., nf 1-4887, ads + 38-06° 
(‘= 1-0). It may be concluded, therefore, ‘that this anion was obtained 
from /-8-octyl chlorocarbonate without loss of rotatory power. 

Fraction I on redistillation was separated into fraction (a) (1-2 g.), 
b. p. up to 89°/30 mm., n#* 1-4241, az, — 3:32° (1 = 0-25), and 
fraction (b) (1-3 g.), b. p. 89—91°/30 mm., n}* 1-4256, a8, — 2-42° 
(1 = 0-25). Fraction (6) was pure /-8-octanol and gave a hydrogen 
phthalic ester, m. p. 75°, [«]%%, — 55-9° (l= 2-0; ¢ = 5-5250) in 
ethyl-alcoholic solution. Fraction (a) also consisted mainly of 
1-8-octanol, but it contained chlorine. 

The Interaction of d-8-Octyl Chlorocarbonate and Potassium 
Benzoate in Ethyl-alcoholic Solution.—After 48 hours at the ordinary 
temperature, the reaction between d-8-octyl chlorocarbonate (8-6 g.) 
and potassium benzoate (10-8 g.; 1-5 mols.) in ethyl alcohol (60 c.c.) 
was completed by heating the mixture under reflux for 3 hours. 
The products were isolated in ether and on systematic fractionation 
gave (a) d-8-octanol (2-5 g.), b. p. 86—88°/24 mm., nif" 1-4335, aif; 
-+2-23° (1 = 0-25), which yielded a hydrogen phthalic ester, m. p. 
74°, [a] + 55-9° (1 = 2-0; c = 6-2000) in ethyl-alcoholic solution ; 
and (6) impure ethyl benzoate, b. p. 102—104°/27 mm. and nj} 
1-4909. 0-9554 G. of this ethyl benzoate required 0-3448 g. of 
potassium hydroxide for complete hydrolysis (calc., 0-3568 g. ). An 
authentic specimen of ethyl benzoate was found to have nj} 1-5080. 
The ethyl benzoate isolated was contaminated with an optically 
active compound, since it had «j%, + 0-30° (J = 0-25). It was not 
found possible to remove this optical activity by treating the ester 
with phthalic anhydride in pyridine solution. On the other hand, 
it was found that a mixture of two solutions, (1) ethyl benzoate 
(20 c.c.) containing d-8-octanol (1-052 g.) and having af, + 1-37° 
(1 = 2-0) and n}* 1-5005 and (2) ethyl benzoate (20 c.c.) containing 
d-B-octyl chicsocarbenate (1-1236. g.) and having aj, -+2-92° 
(lL = 2-0) and nj" 11-5001, could be freed from optically active material 
by treatment with phthalic anhydride and pyridine. The ethyl 
benzoate isolated was therefore not contaminated with either 














$-octs 
activ 
Th 
sulph 
sodiu 
was t 
extra 
the € 
40— 
the r 
there 
d-8-0 
sodiu 
usua. 
+ & 
chlor 
| -42¢ 
carb 
dl-p- 
activ 
Ti 
sulpi 
chlo: 
(40 § 
it Ww 
then 
extr 
disti 
O40 
mix 
prok 
T 
dios 
— 2 

for 
and 
was 

oil, 
66° 

I 


inte 
for 


B 


















ined 
tion 
°/28 
. p. 
n II 
tion 
25) ; 
lete 
and 
for 
06° 
ned 


g.), 
nd 
49° 
yen 


of 


19° 





OF d-8-OCTYL CHLOROCARBONATE, ETC. 2515 


3-octanol or 8-octyl chlorocarbonate. The nature of this optically 





active impurity remains obscure. 

The Interaction of d-8-Octyl Chlorocarbonate and Sodiwm p-Toluene- 
sulphinate—A mixture of d-B-octyl chlorocarbonate and anhydrous 
sodium p-toluenesulphinate was kept for 10 days. The product 
was then diluted with 100 c.c. of ether and filtered, and the ethereal 
extract dried with anhydrous sodium sulphate. After removal of 
the ether by distillation, the oily product gave a fraction, b. p. 
40—50°/0-1 mm., which was unchanged d-8-octyl chlorocarbonate ; 
the residue showed signs of decomposition and the distillation was 
therefore discontinued. The dark-coloured residue was impure 
i-8-octyl p-toluenesulphinate. It was hydrolysed with alcoholic 
sodium. hydroxide and the liberated d-8-octanol was isolated in the 
usual manner. It had b. p. 86—87°/23 mm., nif’ 1-4256, and «gf, 
+ 8-60° (1= 1-0). The d-8-octanol from which the d-$-octyl 
chlorocarbonate was prepared had ai;, + 9-63° (1 = 1-0) and nj” 
1-4263. It can be concluded, therefore, that d-8-octyl chloro- 
carbonate reacts with sodium p-toluenesulphinate to yield d-8-octyl 
dl-p-toluenesulphinate, and that slight racemisation of the optically 
active octyloxy-radical may occur during the reaction. 

The Interaction of \-8-Octyl Chlorocarbonate and Sodium p-Toluene- 
sulphinate in Ethyl-alcoholic Solution—After a mixture of 1-8-octyl 
chlorocarbonate (32 g.), anhydrous sodium p-toluenesulphinate 
(40 g.; 1-3 mols.), and ethyl alcohol (160 c.c.) had stood for 3 days, 
it was heated under reflux for 1 hour. The reaction mixture was 
then poured into water and the oily product which separated was 
extracted with ether. The lower-boiling product obtained on 
distillation was J-8-octanol, b. p. 80—85°/17 mm., nj” 1-4247, and 
a2", —2-31° (1 = 0-25). The higher-boiling fractions consisted of 
mixtures of ethyl p-toluenesulphinate, /-8-octyl ethyl carbonate, and 
probably /-8-octyl p-toluenesulphinate. 

The Interaction of 1-8-Octyl Chlorocarbonate with Pyridine.—Carbon 
dioxide was evolved when /-8-octyl chlorocarbonate (6 g.) [odin 
— 28-94° (1 = 1-0)] was heated with pyridine (24 g.) on a steam-bath 
for 1 hour. The product was poured into dilute hydrochloric acid 
and the oil which separated was extracted with ether. The ether 
was removed from the dried extract by distillation; the residual 
oil, d-8-octyl chloride, after repeated distillation, had b. p. 65— 
66°/19 mm., «ff, + 31-70° (J = 1-0), and nj” 1-4265. 


In conclusion the authors wish to thank Dr. J. Kenyon for his 
interest in this research, and the Imperial Chemical Industries Ltd. 
for a grant which defrayed part of the cost of this investigation. 


BatTerRsEA PotytTecunic, 8.W.11. [Received, August 26th, 1929.] 
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CCCXXXIV.—Optical Activity and the Polarity of Sub- 
stituent Groups. Part XII. The Direct Space 
Effects of Meta and Ortho-para Directive Sub- 
stituents. 1-Menthyl Esters of Substituted Naphthoic 
Acids. 


By H. Gorpon Ruiz, Joun Spence, and Econ BRETSCHER. 


THE examination of a number of isomeric /-menthyl methoxy- 
naphthoates (Bretscher, Rule, and Spence, J., 1928, 1493) has 
shown that a methoxyl group in any position adjacent to the carbo. 
menthoxy-complex leads to a diminished rotatory power, and 
that a similar depressive influence is exerted by a peri-methoxy] 
group in the 8: 1-derivative. This provided further evidence in 
support of the view that the characteristic ortho-effect of groups 
in the o-substituted benzoic esters was not transmitted through the 
chain of atoms but operated directly through space, a conclusion 
which was also found to be in agreement with the properties of 
growing-chain compounds containing -carboxy- and w-alkoxy- 
groups (Rule, Hay, and Paul, J., 1928, 1347). 


Values of [M]s4¢, for 1-Menthyl Esters of Substituted Naphthoic 
Acids. 


I. 1-Naphthoates. 


Sub- 
stituent. Solvent. [M]s461- Reference. 
None C,H, —319° This paper. 
os CHCl, — 266 be 
2-Methoxy C,H, + 45:3  Bretscher, Rule, and Spence. 
” CHCl, — 76-2 % ” ” 
4-Methoxy C,H, —374 os os .- 
” CHCl, ia 302 ”? ” %° 
5-Methoxy C,H, —325 ra ba os 
? CHCl, — 287 is 9 ” 
8-Methoxy CS, — 137 $s re > 
°° C,H, Tt 157 ”” ” ? 
9° CHCl, —181 This paper. 
M. EtOH —184-5 Bretscher, Rule, and Spence. 
2-Methyl C,H, — 99-6 This paper. 
o CHCl, — 192 hens tee 
4-Nitro C,H, —273 ” ” 
5-Nitro C,H, —314 ’° ’° 
‘a CHCl, — 284 wh), oe 
8-Nitro* CS, — 644 aoe 
” C,H, — 841 ” ” 
mm CHCl, . —389 ae thiree 
of EtOH — 806 ob lite - 
8-Chloro C,H, ae 1 72 ’* 99 
> CHCl, oo 189 %° o° 


* The rotations for this compound are approximate only; see p. 2521. 
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II. 2-Naphthoates. 
None C,H, —288° ‘Tschugaev, C., 1902, II, 1238. 
]-Methoxy (Homog.) — 268 Bretscher, Rule, and Spence. 
]-Hydroxy C,H, — 384 This paper. 
9 CHCl, — 342 > 99 
an *EtOH —316 ~~ 
ee *EtOH + EtOK —301 agigein 
3-Methoxy CS, —191 Kenyon and Pickard, J., 1915, 107, 
58. 
9 C,H, me 206 > ”? ”° 
te: CHCl, —139 Bretscher, Rule, and Spence. 
3-Hydroxy C,H, —407 This paper. 
si CHCl, — 299 OE ee 
3-Chloro C,H, —275 = haat 
ree CHCl, —218 sities 
* In alcohol and in alcohol containing an equivalent of potassium ethoxide 


it was necessary to work in 0-5% solution, owing to the low solubility of 
the ester. 


The investigation has now been extended to various other substi- 
tuted naphthoic esters of /-menthol, including nitro-compounds, 
with results which are summarised in Tables I and II. For the 
purpose of comparison, the rotatory powers recorded in the liter- 
ature for other related esters are included. The figures refer to 
room temperature and a concentration approximating to 5%. 
Values for other wave-lengths of light will be found in the experi- 
mental section of this paper. In every case except that of the 
2-methoxy-1-naphthoate, the dispersion is normal and complex, 
the graphs of 1/« against 22 diverging only slightly from the linear. 


Substituent Effect. 


As may be seen by reference to Tables I and II, esters with a 
nitro- or a methoxyl group in position 5 do not differ appreciably 
from the parent compound in their optical properties. In the 
4-position, a methoxyl group produces a small but definite increase 
in rotatory power, and a nitro-group leads to a slight decrease. 
The more interesting compounds, however, are those in which the 
substituent is either adjacent or in the peri-position to the asym- 
metric complex, producing large changes in rotatory power. 

Ortho-substituted Esters—Among these compounds the usual 
depressive effect of an o,p-directive group is observed. For the 
2-substituted 1-naphthoates the relative rotatory powers are given 
by OMe<Me<H, and for the 3-substituted 2-naphthoates by 
OMe<Cl<H. In both cases the order of the groups is the same as 
that found for the l-menthy]l o-substituted benzoates by Cohen, and 
for the sec.-B-octyl benzoates (Rule, Hay, Numbers, and Paterson, 
J., 1928, 178). It is also in agreement with the orienting powers 
of the respective substituents in benzene substitution. 

1-Menthyl 1-hydroxy-2-naphthoate and the corresponding 3-hydroxy- 
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ester, although containing an o,p-directive group in the adjacent 
position to the carboxyl group, nevertheless possess abnormally 
high rotatory powers and thus resemble /-menthy] salicylate (Rule 
and MacGillivray, this vol., p. 401). They also exhibit in an en. 
hanced degree the unusual solubility relationships peculiar to this 
compound; although they dissolve readily in benzene and chloro. 
form, the solubility of the hydroxynaphthoic esters in alcohol is so 
low that the rotatory power of the 1 : 2-derivative had to be measured 
in 0-5% solution, and the 3: 2-compound proved too insoluble for 
its rotation to be determined in this solvent. These properties 
indicate that the esters probably exist in the chelated state (com- 
pare Sidgwick, J., 1920, 117, 402; Sidgwick and Ewbank, J., 1921, 
119, 979) and that the high rotatory power is connected with this 
structural condition. The foregoing menthyl hydroxy-esters and 
the corresponding anthranilate are the only compounds of this 
type so far discovered in which an 0,p-directive group in the ortho- 
position to the carboxyl results in an increased rotatory power. 

Attempts were made to prepare menthyl naphthoates having a 
nitro-group in the ortho-position, but without success. These 
acids are known to be unstable and it was not found possible to 
convert them into the menthy] esters. 

Peri-compounds.—Derivatives of this class include the methoxy-, 
chloro-, and nitro-l-naphthoic esters. The last-named compound 
could not be obtained by way of the 8-nitro-l-naphthoyl chloride, 
as the latter suffered drastic change during the treatment with 
thionyl chloride, apparently being converted in part into 8-chloro-1- 
naphthoyl chloride. It was eventually prepared in very small 
amount by prolonged esterification of the 8-nitro-acid in a slow 
current of hydrogen chloride at 140°. The acid is extraordinarily 
resistant to esterification. Only a small yield of highly impure 
ester was obtained after 120 hours’ treatment, and after purification 
the total amount of comparatively pure ester available was no 
more than 0-3—0-4 g., hence the values recorded in Table I can 
only be regarded as approximate: they were determined in 1-8% 
solution, the solute being recovered each time by evaporation of 
the solvent. The 8-nitro-ester crystallises remarkably well and 
has an exceptionally high rotatory power. 

1.Menthyl 8-chloro-1-naphthoate was isolated in crystalline form 
as the result of an attempt to prepare the nitro-ester by way of the 
acid chloride. It was highly resistant to hydrolysis with boiling 
alcoholic alkali, but was converted into the 8-chloro-acid by fusion 
with potassium hydroxide for two hours at 180°, thus confirming 
the supposition that treatment with thionyl chloride had resulted 
in the partial replacement of the nitro-group by chlorine. This 
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unexpected reaction is evidently connected with the spatial proximity 
of the groups in the 8 : 1-positions. 

The relative influence of substituents in the peri-position is given 
by NO,>H>Cl>OMe, in agreement with the orienting powers of 
the groups and identical with their influence in the menthyl and 
sec.-8-octyl ortho-substituted benzoates. This similarity between 
peri and ortho effects, coupled with the absence of any such influence 
in the m- or p-substituted esters, can only be explained on the 
assumption of a direct propagation through space. So far as can 
be judged from the cases now known, a substituent in the peri- 
position exerts a greater influence on the rotatory power than the 
same substituent in an ortho-position. This is not unexpected, 
considering the relative properties of the two types of derivatives. 
Attention may be directed to the great ease of formation of naphtho- 
lactone, naphthostyril, and naphthoic anhydride; to the greater 
steric hindrance observed in the esterification and hydrolysis of the 
peri-compounds; and to the existence of the benzenesulphonyl 
derivative of 8-nitronaphthylglycine in optically active forms (Mills 
and Elliott, J,, 1928, 1291). All these properties indicate that the 
above substituents are in closer proximity in the peri-compounds 
than when in the ortho-position to one another. On the assumption 
of a direct effect operating through space, a rational explanation 
is thus provided for the greater influence on optical activity exerted 
by a peri-substituent. 

The polarimetric studies of optically active esters described in 
this series of communications therefore lead to the conclusion that 
when, as in peri- and ortho-compounds, a substituent is in close 
proximity to the carboxylic group, the latter is subject to a direct 
influence propagated through space. The space influence of a 
positive pole or other m-directive substituent modifies the rotatory 
power in the same sense as the general polar (or inductive; compare 
Ingold) influence of the substituent, which is transmitted through the 
chain of atoms and leads to an enhanced rotation. On the other hand, 
the direct effect due to a negative pole or 0,p-directive substituent 
is in the opposite sense to that of a m-directive one and results in 
diminished rotatory power. This effect is probably the most definite 
and powerful substituent influence yet established in optical activity. 
In the following communication it is shown that the same effect may 
possibly be traced in aliphatic compounds, not necessarily of the ester 
class, in which the substituent is sufficiently close to the asymmetric 
atom. 

Influence of Solvents. 

Owing to the comparatively high melting points of most of the 

esters it was necessary to examine them in solution, and as the 
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compounds were freely soluble in benzene and chloroform these 
solvents were used throughout. In some cases other solvents were 
also employed. -On account of the various ways in which the 
presence of the solvent may affect the physical and chemical con. 
dition of the solute, it is notoriously difficult to correlate changes in 
optical activity with the properties of the liquid medium. It is 
worthy of note, however, that the substituent influence exhibited 
in the various 8: 1-, 2:1-, and 1 : 2-naphthoates listed in Tables 
I and II tends to be exerted to the maximum extent in solvents of 
low dielectric constant, whether it is the depressive effect due to 
OMe, Cl, or CH;, or the exaltation caused by OH or NO,. For the 
8-methoxy-ester the magnitude of the effect in the four solvents 
used is in the inverse order of their dielectric constants, and the 
same regularity holds for the 1-hydroxy-2-naphthoate, in which 
chelation should be assisted by an increased electrostatic attraction 
between the hydroxyl and the keto-group. Similarly, the highest 
rotation for the 8-nitro-ester is given in benzene solution, although 
alcohol also gives a comparatively high value. These relationships 
suggest the possibility that the direct effect in question is electro- 
static in nature and that a change of medium, in addition to pro- 
ducing other and more specific changes, may influence the rotation 
by increasing or decreasing the electrostatic forces between the 
side chains. 
EXPERIMENTAL. 

l-Menthyl  4-Nitro-1-naphthoate—4-Nitro-1-methylnaphthalene, 
prepared by Lesser’s method (Annalen, 1913, 402, 16), was oxidised 
in small quantities (5 g.) at a time by heating with 8% nitric acid 
(60 c.c.) for 10 hours at 150°. After five recrystallisations from 
alcohol, the acid melted at 226°. It was converted into the acid 
chloride by treatment with thionyl chloride and thence into the 
menthyl ester (yield of crude ester, 90°, of the theoretical). The 
1-menthyl 4-nitro-1-naphthoate melted at 63—63-5° and was recrystal- 
lised from alcohol until of constant rotatory power (Found : N, 4:1. 
C,,H,;0,N requires N, 3-9%). 

1-Menthyl 5- and 8-Nitro-1-naphthoates.—Technical sodium 
a-naphthalenesulphonate was converted by successive stages into 
a-naphthonitrile, «-naphthoic acid, and the mixed 5- and 8-nitro- 
acids (Eckstrand, J. pr. Chem., 1888, 38, 160). These were separated 
in the usual manner by crystallisation from absolute alcohol, and 
the 8-acid was treated with methyl alcohol and hydrogen chloride 
in order to remove any 5-acid still present. The 5- and 8-nitro- 
acids employed melted at 239° and 217° (corr.), respectively (Eck- 
strand, loc. cit., records 239° and 215°). 

Crude |-menthyl 5-nitro-1-naphthoate, obtained in the usual way, 
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was purified by repeated crystallisation from light: petroleum. The 
ester melts at 102-5° and is triboluminescent. It dissolves readily 
in benzene or chloroform and to a moderate extent in alcohol 
(Found, micro-estimation by ter Meulen’s method of catalytic 
reduction: N, 4-1. C,,H,,0,N requires N, 3-9%). 

The preparation of l-menthyl 8-nitro-1-naphthoate proved to be a 
matter of some difficulty. In a preliminary experiment the addition 
of thionyl chloride to the acid was followed by a violent reaction 
which resulted in charring and considerable decomposition. An 
attempt to dry the moist sodium salt at about 90° led to sudden and 
explosive decomposition. Treatment of the acid in well-cooled 
benzene solution with thionyl chloride, followed by removal of the 
solvent and the excess of the reagent at 60—70°, also brought about 
darkening and some decomposition. In this case further treatment 
with menthol led to the isolation of /-menthyl 8-chloro-1-naphthoate 
in 25% yield. 

Esterification of the crude 8-nitro-acid (containing about 20% of 
the 5-isomeride) with menthol and hydrogen chloride for 60 hours 
at 120° gave a syrupy ester which in the unpurified state had 
[M)sag1 = —355° in benzene (c= 5). As the 5-nitro-ester has a 
much lower rotation (—314°), this indicated that the peri-acid 
undergoes slow esterification. The pure 8-nitro-acid (10 g.) was 
therefore heated with menthol (30 g.) for 120 hours at 140°, a slow 
current of hydrogen chloride being passed through the flask; a 
mixture of water, menthol, menthene, and menthyl! chloride slowly 
distilled over. The dark carbonaceous residue was freed from acid 
and blown through with steam, and the remaining crude ester (1 g.) 
was dissolved in alcohol and decolorised with animal charcoal. 
The clear’ yellowish-brown ester was precipitated with water, 
separated, and dried in ethereal solution. The viscous product 
obtained after removal of the ether became solid on being stirred 
with a little light petroleum, and was recrystallised from this solvent, 
The yield of pale yellow ester, which crystallised in magnificent 
pyramids, m. p. 115—118°, was only 0-2 g. A repetition of the 
preparation: gave similar results, and the rotations recorded in 
Table I refer to the compound in this somewhat impure state. A 
smaller amount of pure ester was obtained of m. p. 122—123° 
(Found : N, 3°8. C,,H,,0,N requires N, 3:9%). The bulk of the 
acid was recovered unchanged from each preparation. — 

1-Menthyl 8-chloro-1-naphthoate was isolated as stated above from 
the 8-nitro-acid. The product obtained by treating the acid (10 g.) 
with thionyl! chloride in benzene solution was heated with menthol 
for 4 days at 60°. A slow evolution of hydrogen chloride occurred 
and the mixture was worked up in the usual way. The ester (4 g.) 

4Q 
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was recrystallised from alcohol until of constant rotatory power 
and was obtained as a colourless crystalline solid, m. p. 131-5°, 
readily soluble in benzene, chloroform, or warm alcohol (Found : 
Cl, 10-6. C,,H,,0,Cl requires Cl, 10-3%). No perceptible change 
occurred when the ester was boiled for 7 days with alcoholic potash. 
Hydrolysis was effected by fusion with solid potassium hydroxide 
at 180° for 2 hours. The chloro-acid obtained melted at 155— 
162°, and after one recrystallisation from alcohol at 168° (Eckstrand, 
loc. cit., records 167°). No trace of naphtholactone appeared to be 
formed during the fusion. 

1-Menthyl 3-hydroxy-2-naphthoate was obtained in 80% yield from 
the acid by way of the acid chloride. It was also prepared in 30%, 
yield from a mixture of methyl hydroxynaphthoate, menthol, and 
a trace of sodium (compare Rule and MacGillivray, this vol., p. 407). 
The colourless crystalline ester was recrystallised from hot alcohol 
until pure; it then melted at 119-5° (corr.). Although readily 
soluble in cold benzene or chloroform, the compound only dissolves 
very sparingly in cold alcohol (approximately 0-5 g. in 100 c.c.). 
It is strongly triboluminescent (Found : C, 77-0; H, 8-0. C.;H5,0, 
requires C, 77-3; H, 8-0%). ' 

1-Menthyl 1-hydroxy-2-naphthoate, prepared from the acid chloride 
(80% yield) and purified by recrystallisation from alcohol, was a 
colourless crystalline solid, m. p. 106-5—107° (corr.), having similar 
solubility relationships to those of the 3-hydroxy-ester, and pos- 
sessing even more marked triboluminescence (Found: C, 77:3; 
H, 8-0%). 

1-Menthyl 3-chloro-2-naphthoate was prepared from the 3-hydroxy- 
acid, which was converted into the chloro-acid and the corresponding 
acid chloride (Strobach, Ber., 1901, 34, 4159). Esterification in the 
presence of pyridine gave the ester in 93% yield. The ester, 
purified from alcohol, is a colourless, crystalline, triboluminescent 
solid, m. p. 96-5° (corr.). It is freely soluble in light petroleum, 
benzene, and chloroform, and moderately easily soluble in methyl and 
ethyl alcohols (Found : Cl, 10-7. C.,H,;0,Cl requires Cl, 10-3%). 

1-Menthyl 2-methyl-1-naphthoate was prepared in 90% yield from 
the corresponding acid chloride, pyridine being used as catalyst. 
The acid was obtained by the method of Mayer and Sieglitz (Ber., 
1922, 55, 1839), but in the final stage the organo-magnesium deriv- 
ative from 1-bromo-2-methylnaphthalene was treated with solid 
carbon dioxide in place of the gas used by the above authors, the 
yield of acid thus being raised to 72% of the theoretical. The ester, 
purified from alcohol, melted at 139-5° (corr.) (Found: C, 81-4; 
H, 8-7. CygH,,O, requires C, 81:5; H, 8-6%). 

Menthyl 1l-naphthoate was also prepared in order to determine 
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ts rotatory power in certain solvents at c = 5, these values not 
being available in the literature. 


Molecular Rotatory Powers. 


The following rotatory powers were determined at approximately 
0° ina 1 dem. tube, except in a few cases marked *, in which 1 = 2. 
Densities were measured in a pyknometer holding 2—3 c.c. For 
alues of [M];4; see Tables I and II. 


1-Menthyl 1-naphthoate. 
Solvent. ‘ [M eros: [M]ss03- 
— — 247° 
— 201° 273 
172 222 
1-Menthyl 4-nitro-1-naphthoate. 
1-690 212 246 


197 259 
183 240 


1-Menthyl 8-nitro-1-naphthoate.t 


Carbon disulphide 1-618 356 504 
Benzene 672 


Chloroform , 244 333 


140-5 
152 


60-9 81-4 
114°5 160 


257 351 
197 250 
1-Menthyl 1-hydroxy-2-naphthoate.} 


5-029 235 318 
4-979 215 282 
198 270 
_ 250 


1-Menthyl 3-chloro-2-naphthoate. 
3-781 182 237 
Chloroform 3-956 148 191 


+ Figures for this ester are approximate only; see p. 2521. 
¢ This ester is only very sparingly soluble in alcohol. 


In certain of the above cases it was not possible to read values 
for 435g Owing to selective absorption in the violet region. 


Summary. 


1. The rotatory power of /-menthyl l-naphthoate is diminished 
in the sense OMe<CH,<H, and of the 2-naphthoate in the sense 
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OMe<Cl<H, when one of these substituents is introduced into ; 
position adjacent to the carboxylic complex. The relative effect 
are in the same order as those observed among the o-substituted 
benzoic esters and are in agreement with the 0,p-directive powers 
of the groups in benzene substitution. 

2. Similarly among the 8-substituted 1-naphthoates the relative 
influence is given by OMe<Cl]<H<NO,, the m-directive nitro. 
group raising the rotation. The parallelism thus established between 
substituent effects in the peri- and ortho-positions is regarded as 
proof that the influence is propagated directly through space. 

3. In the 4- and 5-positions, methoxyl and the nitro-group have 
very little influence on the rotatory power. 

4. The 1 : 2- and 3 : 2-hydroxynaphthoic esters resemble /-menthy| 
salicylate in having abnormally high rotatory powers, high solubility 
in benzene, and very low solubility in alcohol. They are probably 
of chelate type. The potassium salt of the former ester has a 
diminished rotation in alcohol. 

5. Values obtained in different solvents suggest the possibility 
that the characteristic influence may be electrostatic in nature. 
The effect of a given group, whether in diminishing or increasing 
the rotation of the parent eompound, tends to be exerted to its 
maximum extent in solvents of low dielectric constant. 


UNIVERSITY OF EDINBURGH, [Received, September 13th, 1929.] 





CCCXXXV.—Optical Activity and the Polarity of Sub- 
stituent Growps. Part XIII. Note on the Direct 
Space Effect in d-Amyl Derivatives. 

By H. Gorpon Ruvutz. 


In view of the conclusions as to the nature and incidence of the 
space effect arrived at in the preceding communication, it is of 
interest to examine whether this type of influence has any bearing 
on the optical properties of d-amyl derivatives. 

As might be expected, chemical changes involving the hydroxyl 
groups of different optically active alcohols lead in general to similar 
changes in rotatory power. This has been established for a number 
of homologous series by Pickard and Kenyon and their co-workers 
and may be illustrated further by the figures in the following table, 
recorded in the literature for derivatives of the dissimilar alcohols 
l-menthol, d-sec.-f-octyl alcohol, and d-amyl alcohol. Despite the 
variety of the structural changes, the rotatory powers are similarly 
affected in each case, 
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Molecular Rotations, [M];. 


R= lkMenthyl. d-Octyl. 
+ 11-99° 
+ 12-5 
+ 13-0 
+ 17-9 
+ 53-1t 
+ 68-1 
+ 78 
+103 


t Pickard and Kenyon, Ber., 1912, 45, 1592; Houssa, Kenyon, and Phillips, 
this vol., p. 1700. 


+. Now among the /-menthyl (I) and sec.-8-octyl esters (II) of mono- 
substituted acetic acids it has been shown that the predominant 
substituent influence is of the general polar type, which is also 
apparent in the dissociation constants (III) of the free acids (J., 
-. 01925, 127, 2188; 1926, 3202). Data for the corresponding d-amyl 
[derivatives are lacking, but from the similar properties of the 


I. CN>Cl>Br>0OH,OMe>Me>H 
II. Br>Cl>OMe>Me>H 
Ill. CN>Cl>Br>OMe,OH>H>Me 


-menthyl, $-octyl, and d-amyl series evident in the above table, 
coupled with the fact that d-amyl chloroacetate has a higher positive 
rotation than the unsubstituted ester, it may be deduced that the 
general polar effect operates in the same sense among d-amy]l acetic 
esters. Hence substituents such as carboxyl and methoxyl, which 
also increase the dissociation constant of acetic acid, would be 
expected to resemble chlorine in raising the positive rotatory 
power. 

On the other hand, d-amy] derivatives of the formula C,H,-CH,X, 
in which a simple highly polar substituent is only separated from 
the asymmetric centre by a single carbon atom, do not show any 
trace of the general polar effect. In this case the substituent 
influence, as has already been pointed out (J., 1927, 54), approxi- 
mates to that observed among the ortho-substituted benzoic esters. 
Taking the indifferent group X = C,H, as standard, the relative 
changes in positive rotation are given by 

CO,H>Et>Br>Cl>OMe>NH, 
as compared with CO,H>H>Me>Br>Cl>OMe>NH, fer the 
d-octyl o-substituted benzoates (Rule, Miles, and MacGillivray, this 
vol., p. 2274).. In these series of compounds the ionisation of the 
amino- or carboxyl groups also leads to similar changes. Amylamine, 





2526 GHOSH: SCATTERING OF LIGHT BY STANNIC OXIDE SOLS. 


like d-octyl anthranilate, has an increased positive rotation in the 
form of its hydrochloride; and from the behaviour of simila) 
aliphatic acids, it may be concluded (loc. cit.) that the sodium sali 
of d-C,H,*CH,°CO,H will resemble sodium d-octyl phthalate i 
having a diminished positive, or even a negative rotatory power 
It is therefore very probable that these parallel changes arise from 
the same cause, namely, the overwhelming influence of the direct 
effect of the substituents propagated through space. 

In the preceding communication it has been found that the direct 
space effect due to a positive pole or other m-directive substituent 
alters the rotation in the same direction as the general polar effect 
of the group, both tending to raise the rotatory power, whereas 
the direct effect due to a negative pole or o,p-directive substituent 
tends to lower the value. These findings are in agreement with the 
assumption of a direct effect in the d-amyl derivatives C,H, ,X. 


The positive pole NH, and the m-directive CO,H give high positive 
values as compared with the relatively indifferent ethyl group, and 
the substituent influence is in the same direction as would have 
been predicted from the known general polar effect of chlorine in 
the chloroacetic ester. Low positive or negative values are given 
by d-amyl halides (as in many other cases, iodine is anomalous), 
the methyl ether, and the amine, in all of which X is an 0,p-directive 
group. All the available evidence therefore supports the view that 
in these d-amyl derivatives the dominant substituent effect is 
identical with the direct space effect observed in ortho- and peri- 
substituted aromatic esters. 


UNIVERSITY OF EDINBURGH. [ Received, September 13th, 1929.] 





CCCXXXVI.—Scattering of Light by Stannic Oxide Sols. 


By Buuprenpra NATH GHOsH. 


Tue author recently found (this vol., p. 2296) that as increasing 
amounts of alkali are added to a stannic oxide sol, its turbidity 
diminishes at first and then increases, although the amount of 
diffusible stannic oxide increases continuously. It was therefore 
thought desirable to investigate the relation between turbidity and 
the ratio SnO, : Na,O. 

For non-conducting particles having a small coefficient of absorp- 
tion of light, the intensity of scattered light is given by Lord 
Rayleigh’s expression J = Kynr*/x*, where K, is a constant depend- 
ing on the intensity of the incident beam, the refractive indices of 
the liquid and of the disperse phase, and the angle of observation of 
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the scattered light, n is the number of particles per unit volume, 
r their radius, and ) the wave-length of the incident light. If C be 
the concentration (mass per unit volume) and e the density of the 
particles of the disperse phase, then C = 4xr'np/3, and therefore 
I = KCV/ox*, where K is another constant and V is the volume of 
a particle. Mecklenburg (Kolloid-Z., 1915, 46, 97), using Odén’s 
sulphur sol, found that Rayleigh’s formula was only valid for 
particles having diameters within the limits 5—95 yp. More 
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recently, Bechhold and Hebler (ibid., 1922, 31, 70) examined the 
light scattered from barium sulphate particles, and found the 
equation to hold for particles of diameter up to 800 yy but not 
above. 

In the experiments now described, a Klett colorimeter nephelo- 
meter was used to compare the intensities of the light scattered by 
the different sols. The light from a 100-watt lamp, after passing 
through a cover-glass and condenser lens, fell on two cups, one 
containing the standard and the other the sol. The plungers were 
blackened on the outside, and the cups at the bottom. By keeping 
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the position of the standard fixed and raising or lowering the 
other cup, the depth of the illuminated layer of sol, and hence 
the intensity of light scattered by it, can be matched with the 
standard. 

For the calibration of the apparatus a stock stannic oxide sol, 
prepared 5 months previously and having SnO,: Na,O = 16:1, 
was diluted to definite fractions of its original concentration and 
used immediately after dilution. It is assumed that dilution does 
not affect V, but only the value of C, for when the calibration was 
checked by using a sol having SnO, : Na,O = 2, the results were 
the same. _ The data are plotted in Fig. 1, in which y represents the 
depth of the illuminated layer of the sol and 6 the concentration 
referred to the standard as unity. From this curve the relative 
concentration of an unknown sol can be found. 

It has been shown (Ghosh, this vol., p. 2298) that even at the lowest 
ratio of SnO, : Na,O investigated, the amount of diffusible stannic 
oxide in a sol does not exceed 19%. Hence in these sols, when their 
total stannic oxide content is fixed, the amount of colloidal matter 
may be taken to be approximately constant, and if the sols give 
different values of y when their alkali content alone is altered, then 
the corresponding concentrations may be taken as a rough measure 
of the variation of the volume of the particles. 


In these experiments two standards, A, and A,, were used, their 
concentrations being in the ratio 1: 0-31; the former was obtained 
by diluting 50 c.c. of the stock sol to 250 c.c. and storing it for 15 days 
before use. In Table I, y, and y represent the scale readings of the 
standard and of the sol respectively, 6, (or 6.) the corresponding 
concentrations referred to A, (or A,), and R the ratio of SnO, : Na,O 
in the different sols, which were used 4 days after their preparation. 


TABLE I. 


Standard A, 
(SnO, = 7-5 g./I.). 
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Table II gives the results of some experiments in which potassium 
hydroxide was used instead of sodium hydroxide; R, represents the 
ratio SnO, : K,O in the sol, 
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TaBLeE II. 












the 
nce a 8 eg’) A Standard > 
the § ™ i (SnO, = 8/5 “ Ys he or = 30 g./l.) ‘ 
77 38 l- v2 1-5 40 1-00 
sol 6-1 38 1-06 1-2 40 1-00 
, 4-0 40 1-00 1-0 40 1-00 
21, 2-7 42 0-94 0-5 30 1-47 
and 1-9 40 1:00 
nes It will be seen from the above data that as the value of R 
vas § diminishes, the corresponding value of 0, or 6, also diminishes, 
ere § reaches a minimum, and then increases; the minimum is more 
the pronounced in the sols of higher stannic oxide content than in those 
on § of lower, but in both cases it is reached when R lies between 4 and 3. 
lve § The sols containing potassium hydroxide do not show any appreci- 
able variation in 6, when R, is reduced from 7-7 to 1-0, but 6, 
*st J increases with further diminution of R,. 
= It is generally believed that on continued addition of alkali to 
“It § the colloidal solution of an acidic oxide, such as silica or stannic 





oxide, the particles become more finely divided and finally tend to 
pass into the state of molecular solution, This has been actually 
observed in sodium silicate solutions by Ganguly (J. Physical Chem., 
1926, 30, 706; 1927, 31, 407) and by Harman (ibid., 1925, 29, 1155; 
1926, 30, 359, 917; 1928, 32, 44). The above data show clearly 
that the colloidal particles in a stannic oxide sol begin to coalesce 
when the ratio SnO, : Na,O is below a certain value. At the same 
time, however, the amount of sodium stannate (simple or complex) 
steadily increases (compare Ghosh, locc. cit.). The behaviour of 
stannic oxide towards alkali is therefore not in accord with the general 
view. The increase in the concentration of the diffusible stannic 
oxide may be accounted for by two assumptions, either (1) that the 
aggregation of the colloidal particles leads to the liberation of some 
of the stannate ions previously adsorbed by them, or (2) that with 
increasing proportion of alkali the bigger colloidal particles become 
aggregated whilst at the same time the smaller ones become further 
subdivided. It is known that the bigger particles of Odén’s sulphur 
sol coagulate more easily than the smaller. A stannic oxide sol as 
ordinarily prepared consists of particles of different sizes; hence 
the second assumption is the more probable. 
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CCCXXXVII.—Acid and Salt Effects in Catalysed 
Reactions. Part XXII. The Influence of Inert 
Salts on the Secondary Dissociation of Dibasic 
Acids. 


By Harry Meprorta Dawson and Jesse Eyre Sir. 


Ir has been shown (Dawson and Lowson, this vol., p. 1217) that the 
changes produced in the ionisation of monobasic acids by the addition 
of chemically inert salts can be expressed by the relation 
log K, — log Ky =aVx—br. . . .° (1) 

in which K, = [H'*}[A’]/[HA] is the ionisation constant of an acid 
HA in salt-free solution, K, its value in a solution which contains 
x g.-mols. of a uni-univalent salt per litre, and a and 6 are coefficients 
which for a given inert salt are approximately independent of the 
nature of the acid HA. In accordance with the above equation, the 
ionisation constant reaches a maximum value given by log K, — 
log Ky = a?/4b when x = a?/4b?, and falls to the value for the salt- 
free solution when x = a?/b?. 

Equation (1) is based on measurements of the velocity of a suit- 
ably chosen acid-catalysed reaction, and from these K, can be 
derived with a fair degree of accuracy. This equation is of the 
same type as that which follows when the Debye—Hiickel theory is 
applied to the consideration of the influence of electrical environ- 
ment on the equilibrium HA—H"*-+ A’. The latter may be put 
in the form 

log K, —logKg=AVu—Bu . . . (2) 
where K, is the thermodynamic ionisation constant, and K, the 
ionisation constant for a solution of ionic strength up. If the ions 
are univalent, and if the acid HA is sufficiently weak, then p = z, 
K, = K,, and K, = Ko, and equation (2) may be written 

log K, —logKy= AVx—Br . . . (8) 
in which A = 1-01 at 25°. Equation (3) would also be obtained 
if it were justifiable to assume that the interionic forces in salt-free 
solutions of the acid are negligibly small (see Dawson and Lowson, 
loc. cit.). From the catalytic data for a series of acids (acetic, 
glycollic, chloroacetic, and dichloroacetic) in solutions of sodium 
chloride, it has been found that a = 0-52. The difference between 
this and the Debye—Hiickel coefficient A = 1-01 is considerable and 
suggests that the changes in the ionisation of monobasic acids which 
are produced by the addition of chemically inert salts are due in part 
to factors which do not find expression in the Debye—Hiickel theory. 
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Since reaction-velocity measurements would appear to afford a 
trustworthy method for the determination of the concentration of 
the hydrogen ion when due consideration is given to the catalytic 
effects associated with other catalytically active entities and to the 
variations of the catalytic coefficients which accompany changes in 
the reaction medium, an attempt has been made to extend this 
method to the study of the influence of chemically and catalytically 
inert salts on the secondary dissociation of a dibasic acid represented 
by HA’ = H’ + A”. 

For this investigation we have selected the second-stage dis- 
sociation of oxalic acid. The chief reason for this choice is to be 
found in the circumstance that the catalytic properties of oxalic 
acid have already been examined in some detail (Dawson, Hoskins, 
and Smith, this vol., p. 1884), but apart from this, oxalic acid offers 
certain advantages in the fact that the two stages of ionisation corre- 
spond to constants of widely different magnitude. The experi- 
ments to be described relate, therefore, to the catalytic effects which 
are produced by potassium hydrogen oxalate in solutions containing 
various quantities of potassium chloride as the inert salt. The 
acetone-iodine reaction was employed, and the reaction velocities 
were measured at 25° with 0-04M-potassium hydrogen oxalate as 
the catalyst. 

In such solutions the catalytically active entities are the hydrogen 
ion, the binoxalate ion (HOx’), the oxalate ion (Ox’’), and undis- 
sociated oxalic acid (H,Ox), the catalytic effects of the potassium, 
chlorine, and hydroxyl ions and of undissociated water being 
negligibly small. The reaction velocity may therefore be repre- 
sented by the equation 


v = U, + Vnox + Voy + Vor’ 


= Ky{H"] + kuyoxfH,Ox] + knox{HOx’] + kow[Ox’’] (4) 


in which the values of the several catalytic coefficients are afforded 
by the results of previous experiments (loc. cit.). An equation of 
this type has already been applied with success in the determin- 
ation of the ionisation constants of monobasic acids and of the con- 
stants which correspond to the primary ionisation of dibasic acids. 
The problem is, however, more complicated when the experimental 
data refer to the second-stage ionisation. 

For a solution which contains x) mols. of potassium binoxalate 
per litre, we may write on the basis of stoicheiometric and electro- 
neutrality considerations 


(H,Ox] + [HOx’]+[Ox”J]=2 . . . 6) 
and [HOx'] + 2[0x”] = [K']+[H]=%+[H].. @) 
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and from these we obtain 
fOr] = (A + THOx] oe eo") 
and [HOx’] = a — [H’]— 2[H,Ox] . . . (8) 
When these values for [Ox’’] and [HOx’] are substituted in equation 
(4), this becomes 
v = k,[H"] + ka,ox[H,0x] + huox {v9 — [H"] — 2[H,Ox}} + 
Kox{{H"] + [H,0x}} 


or 


v= (ka + Rox pw kyo )[H"] + 
kgox% + (kasox + koxw — 2knox)[H,Ox] (9) 
= k’{H"] “f- kgoxr% a k’TH,O0x] e ° ° ° e ° . . (9a) 


In accordance with the mass-law expression for the primary ionisa- 


tion, we have, further, 
[H,Ox] = [H")[HOx’//K, . . . . (10) 
and by combination of equations (9a) and (10) we obtain 
[H"] = (v — knoxt)/(k’ + k"[HOx'/K,) . - (11) 


from which the hydrogen-ion concentration of the binoxalate solution 
may be derived. 

In reference to the application of equation (11), it should be noted 
that k’ is essentially determined by the magnitude of k,, and k” 
for the most part by the magnitude of ky,o:, for these coefficients 
are very much larger than the coefficients kyo, and koy. The 
coefficient k, increases very considerably with the salt content of 
the solution, and the required values for the various solutions of 
potassium chloride are afforded by reaction-velocity data with 
0-01N-hydrochloric acid as catalyst. Such evidence as is available 
indicates that, on the other hand, kg,o, varies but little with the 
salt concentration. Experiments have been made with various 
concentrations of free oxalic acid in 1N-potassium chloride, and it 
appears that the results can be interpreted in terms of kay. = 
210 x 10-* (the value of the coefficient in salt-free solution) provided 
that due allowance be made for the influence of the inert salt on /; 
and on K,. The variation of K, with the concentration of the 
potassium chloride has already been determined (this vol., p. 1884). 
The results show that the connexion between K, and x can be repre- 
sented by 

log (K,)2 — log (K,)y = 0°42-/z — 0-275z, 
where (K,)o is the ionisation constant in salt-free solution. 

Finally, it is to be observed that an approximate value of [H’] is 
first obtained from equation (11) by assuming that [HOx’] = 2. 
From this value of [H*] an approximate value of [H,Ox] is similarly 
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derived from equation (10), and these are then employed to obtain 
(HOx’} from equation (8). The substitution of this value of [HOx’], 
which is very large compared with [H*] and [H,Ox], in equations 
(11) and (10) then yields new values of [H*] and [H,Ox] which are 
not appreciably affected by a further stage of approximation, 
and these may therefore be used to obtain the required values of 
(Ox’’] and [HOx’] by means of equations (7) and (8). Having thus 
2Ox}}f derived the values of [H"], [Ox’’], and [HOx’], the second-stage 
ionisation constant is given by 


(7) 
(8) 


ation 


9) K, = (H'J[Ox"/[HOx’] . . . . (12) 
9a) In order to illustrate numerically the details of the calculation, 
niga. § the data for 0-04-KHC,O, + 1-0-KCl may be recorded, For this 


solution the total salt concentration 2 = 1-04, k’ = 575 x 10°, 
0 k’ = 185 X 10, and K, = 0-079. The observed initial reaction 
) Tvelocity is » = 1-96 x 10°, When the value [HOx’] = 0-04 is 
inserted, equation (11) gives a preliminary value of [H*] = 0-00214, 
1) fJand from equation (10), [H,Ox] = 0-001085, whence [HOx’] = 
00357. Substituting the last value in equation (11), we obtain 
[H"] = 0-002173, and from equation (10), [H,Ox] = 0-000981, 
whence [Ox’’] = 0-003155 and [HOx’] = 0-03586, which lead to 
k" Ky = 19-1 x 10-5. 

Table I records the results for the entire series of potassium 
The chloride solutions. The total salt concentrations (x) are shown in 
the first column, the observed reaction velocities (v) in the second, 





| . the values of k’ = (kx + hoy, — know) in the third, and of K , in 
ith § the fourth. The calculated concentrations [H"], [H,Ox], [Ox’’] and 
ble [HOx’] are given in the fifth, sixth, seventh, and eighth columns, 
43 § 2nd the value of the second-stage ionisation constant K, is in the 
a last column. The constants used in the calculations are kyo. = 
it 210 X 10, knox = 13-2 X 10-6, and koe = 1-0 x 10°. On ac- 
__ | count of the relatively small part played by the oxalate ion in the 

reaction-velocity measurements, a precise knowledge of the value 


L, § Of Fox is not required. 
A . . . 

From the preceding results it is apparent that K, increases to a 
maximum and then decreases. The general form of the curve 
obtained by plotting K, against x is very similar to that which has 
already been obtained in the investigation of the influence of inert 
salts on the primary ionisation of acids. There is, however, an 
important difference between the two series of experiments in that 
the salt concentration can be reduced to zero in the case of the 
primary ionisation, whereas the concentration of the acid salt itself 
(x9) sets a lower limit to the salt concentration at: which it is possible 
to investigate the: second-stage ionisation. Since the ionisation 
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TaB.LeE I. 


Influence of Potassium Chloride on the Second-stage Ionisation of 
Oxalic Acid. 


v.10°. k’.10. K,.10% [H*].10*% [H,Ox].10*. [Ox’’].10*. [HOx’].10*. K,. 10, 
1-37 458 6-7 1-50 0-825 2-32 36-85 9-5 
1-39 462 1-55 0-80 . 36-85 9-9 
1-43 465 1-62 0-81 , 36-76 10-7 

469 1-71 0-835 . 36-62 11-9 

476 1-85 0-865 , 36-41 13-8 

481 1-895 0-87 ' 36-37 14-4 

488 2-00 0-895 36-21 16-0 

497 2-06 0-915 36-11 16-9 

516 2-12 0-915 36-05 17-8 

546 2-17 0-95 35-93 18-9 

574 2-17 0-98 35-86 19-1 

604 2-13 1-01 35-85 18-6 

633 2-10 1-05 35-80 18-5 

692 1-93 1-11 35-85 16-4 

750 1-785 1-15 35-91 14-6 

823 1-565 1-20 36-02 12-0 

882 1:34 1-28 36-09 9-8 
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constant increases very rapidly at low salt concentrations, it is 
evident that the value of K, which would be obtained in the absence 
of measurable salt effects (i.e., when x = 0) must be considerably 
less than its value (9-5 x 10) when x = 0-04. 

In order to test the assumption that the connexion between K, 
and Ky for the second-stage ionisation is represented by the same 
type of equation as that which applies to the primary [compare 
equation (1)], it is therefore necessary to find the connexion between 
the ionisation constants K, and K,, for the salt concentrations x and 
%y. We may write 

K,/Ko = K;/Kz, . Kz,/Ko 
and by applying equation (1) successively to log K, and log K,, and 
taking the difference, we have 


log K, — log K,, = a(Vx — V'xq) — 6(x — a) . (13) 


According to equation (13), K,—=K,, when a(Vx — Vx) = 
; a 4 
b(x — 2%), t.€., when 2 = % and also when x = 2, = (5 — Vi) ‘ 
The salt concentrations 2) and x, thus correspond to the same 
value of the ionisation constant, and the relation between the con- 
centrations of these “ conjugate ”’ solutions is given by 


Vig+Vz,=a/b. . 2. . . (14) 
Furthermore, it follows from equation (13) that K, passes through 


a maximum when d log K,/dz = 0 or a/2Vx—b=0. In other 
words the salt concentration corresponding to the maximum value 
of the ionisation constant K,, is given by 


Ge hy = ADF 8h brnie 18) 
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Substitution of this value of x in equation (13) gives 
log K, — log Kz, = a#/4b — a/x%_ + bay. . (16) 
The constants a and 6 are then derived by combining equations (14) 
and (16), and we obtain 
a = A(log Km — log Kz,)(W 2, + V%)/(W 2, — V%)* (17) 
b = 4(log Kn — log Kz,)/(Wz,— Va)? « « - (18) 
in which K,,, Kz,, #;, and 2% are experimental quantities. 
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Curve showing the influence of an inert electrolyte (potassium chloride) on 
the second-stage ionisation constant of oxalic acid. 


In regard to the above relations, it should be noted that no dis- 
tinction is made between the chloride and the binoxalate so far as 
the constants a and b are concerned. Since the actual concentration 
of the binoxalate is small (a, = 0-04), any difference in the respective 
values of b is not of much importance. The very small quantity of 
potassium iodide (0-004 mol. per litre) which was introduced into 
the solutions with the iodine can also be left out of account for the 
range of salt concentrations used in the experiments. 

Fig. 1 shows the curve which is obtained when the experimental 
values of K, (K, in Table I) are plotted against the total salt con- 
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centration (x). In so far as this curve conforms to the requirements 
of equation (13), it may be pointed out that any horizontal line should 
intersect the curve at points which are “ conjugate ” in the sense of 
equation (14). The rising branch of the curve corresponds to x, 
and the falling branch to 2,. 

In order to test the applicability of the above relations, the “ con- 
jugate ’ salt concentrations for a series of K, values may be read 
off from the smooth curve and examined with reference to the con- 
stancy of (Vz) -+ Vz,). Table II shows the results of this test. 
The first column gives a series of integral values of K, . 10° covering 
the entire range of the observations ; the corresponding-values of x, 
and x, are shown in the second and third columns, and the fourth 
gives the sum of the square roots of the “ conjugate ” concentrations. 


TABLE IT. 


K,.10. a, Ly. V2, + V2. K-10: 2. @,. Vx, + V2}. 
10-0 0-07 3°47 2-12 15-0 0-26 2-43 2-07 
11-0 0-10 3-27 2-12 16-0 0-32 2-20 2-05 
12-0 0-14 3-06 2-12 17-0 0-42 1-96 2-05 
13-0 0-17 2-86 2-10 18-0 0-55 1-67 2-04 
14:0 0-20 2-65 2-08 


The above table shows that ~/z, + Vx, is very nearly constant, 


and it would therefore seem that the experimental results approxim- 
ate closely to the requirements of equation (13). With regard to the 
individual values of (V2 + Vx,) it may be noted that the estim- 
ation of x) from the smooth curve becomes increasingly difficult as 
2%) diminishes, and that the probable error of % increases rapidly 
at the small salt concentrations. For this and other reasons it is 
not possible to say whether the slight trend in the values of Vx» +- 
Vx, has any real significance. In accordance with equation (14) 
the mean value 2-08 may be taken as the measure of a/b. Com- 
bining this ratio with equation (18), the coefficients a and 6b may be 
evaluated. It may be observed, however, that (log K, — log K;) 
and (Vz, — V%)* diminish as K, increases and therefore the 
probable error attaching to the value of b given by equation (18) 
increases with K,. On the other hand, the accuracy of Vz, — Vx, 
is adversely affected by the difficulty of estimating x, for the smaller 
values of Kz. For these reasons it is probable that equation (18) 
affords the best results when it is applied to the middle portion of 
the experimental K,-x curve. For 10°. K, = 13-0, 14-0, and 15-0, 
the values obtained for 6 are respectively 0-408, 0-387, and 0-382; 
the mean of the values (6 = 0-39) gives a = 2-08 x 0-39 = 0-81. 
Substituting these values of a and 6 in equation (15), we obtain 
tm, = a*/4b® = 1-08 for the concentration of the salt solution at 





IN CATALYSED REAOTIONS. PART XXII. 2537 


which the ionisation constant has a maximum value. If this is 
combined with the observed maximum K,, = 19-1 x 10°, it is 
possible to derive the limiting value of the ionisation constant (Ko) 
in salt-free solution from equation (1). This gives Kg = 7-2 « 10>, 
and the equation from which the ionisation constant for any given 
concentration of potassium chloride can be calculated takes the 
form 
log K, = 5-857 +- 0-81Vx —0:39x. . . (19) 


Table III affords a comparison of the values of K, derived from 
the experimental observations (see Table I) with those calculated 
from equation (19). 


TABLE ITI. 


Comparison of Observed and Calculated Ionisation Constants. 


K,. 105, K, . 105, K, . 105, K, . 105, 

obs, eale. obs. calc, 
9-5 10-1 18-9 18-6 
9-9 11-3 19-1 19-0 
. 11-8 18-6 18-8 
. 12-7 18-5 18-3 
13-8 16-4 16-6 
14-4 14-6 14:4 
15-3 12-0 12-1 
16-1 9-8 10-0 

17:5 
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0- 
0- 
0- 
0- 
0- 
0- 
0- 
0- 
0- 


The preceding results lead to the conclusion that the influence of 
inert salts on the second-stage ionisation of oxalic acid can be repre- 
sented by an equation of the same type as that which has already 
been found to express the influence of such salts on the primary 
ionisation of acids. It may readily be shown that the form of this 
equation is the same as that which is obtained when the Debye- 
Hiickel theory is applied to the second-stage ionisation. According 
to this, the relation between Ky and K; is given by 


Kg =n ye [ny = (HUA) fe’ fi." (HAD fo! = Ku fl ff! 
and if, in accordance with the usual assumption, we may equate 
f,’ to f-’, then Kz = Ky/f-”. 
According to the Debye-Hiickel theory, — log f” = A’22V/u — 
Bu, in which A’ = 0-505, z = 2, and for uni-univalent electrolytes 
u = x, and therefore — log f’” =.2-02/x — Ba, 


whence log K, — log K, = 202V/x — Bau. . . (20) 


Apart from the coefficient B, which is composite in character and 
varies with the nature of the dissolved electrolyte, this equation is 
supposed to define in general terms the influence of the electrical 
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field on the secondary ionisation which has been investigated in our 
experiments. There is, however, a very large difference between 
the coefficient A = 2-02 in equation (20) and the coefficient a = 0-8] 
which is indicated by our experimental data. It may be noted that 
equation (20) represents a group of curves which are distinguished 
solely by differences in the value of the coefficient B. To illustrate 
the difference between these curves and the experimental curve, 
particular values may be assigned to B. If we take the Debye- 
Hiickel curve for which K, has the same maximum value as that 
found by experiment, then B is given by log (19-1 x 10-5) = 5-857 + 
(2-02)?/4B, or B = 2-40 and x, = (2-02)?/4B? = 0-177, as compared 
with the actual value of z,, = 1-08. On the other hand, if we take 
the Debye—Hiickel curve for which z,, has the same value as that 
indicated by the experimental curve (2, = 1-08), then from 2, = 
(2-02)?/4B? we obtain B= 0-97, and from log K,, = 5-857 + 
(2-02)?/4B we derive K,, = 81 x 10° as compared with the experi- 
mental value K,, = 19-1 x 10°. In connexion with these very 
large differences, it should be recalled that the experimental data 
are concerned with a state of equilibrium which involves the hydro- 
gen ion and that there is other evidence to show that the interionic 
forces associated with this ion are relatively very small. The present 
results add further weight to the opinion that these interionic forces 
are much smaller than would be anticipated according to the Debye- 
Hiickel formula log 1/f = 0-522V/u. 

Since both the primary and the secondary ionisation of oxalic 
acid have been examined in solutions of potassium chloride, it is 
possible to make a direct comparison between the coefficients of the 
Vx term in the general formula log K,/K, = ax — bx. ‘For the 
first-stage ionisation the value of a is 0-42 as compared with 0-81 
for the second. Within the limits of error these are in the ratio 1 : 2, 
which is identical with that suggested by the Debye—Hiickel theory, 
for the electrical field effect in the primary ionisation is determined 
by (f’)? and in the secondary ionisation by f”’, where f’ and f” repre- 
sent the activity coefficients for uni- and bi-valent ions, respectively. 
In view of the fact that our experimental results lead to a relation 
between K, and x which is of the same form as that derived from the 
Debye—Hiickel theory, and that the dependence of the coefficient 
a on the valency is also in agreement with the latter, it is the more 
remarkable to find that the coefficients a and A of the Vx (Vu) 
term are so widely divergent. The further investigation of this 
difference is obviously called for. 

The Values of K, and K,.—For the ionisation constants of oxalic 
acid in the absence of interionic forces the values obtained in this 
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and the previous paper (loc. cit.) are K, = 5-7 x 10° and K, = 
7-2 x 10°. From conductivity data, Chandler (J. Amer. Chem. 
Soc., 1908, 30, 694) obtained K, = 3:8 x 10 and K, = 4-9 x 10°. 
Enklaar (Chem. Weekblad, 1911, 8, 375) derived K, = 3-4—3-6 x 
10 at 18°, and later (ibid., p. 824) gave K, = 4-7 x 10° from 
potential measurements and 1-3 x 10° from conductivity data. 
The most cémplete examination of oxalic acid and oxalate solutions 
is, however, due to Drucker (Z. physikal. Chem., 1920, 96, 381), who 
from the combination of potential, freezing-point, and conductivity 
data obtained K, = 5-7 x 10° and K, = 6-9 x 10°. These are 
in close agreement with our numbers. In the case of Kg, this is 
probably to some extent accidental, for Drucker’s calculations are 
based on the classical form of the ionic theory. The difficulties 
attending the precise interpretation of conductivity data are well 
known, and on the evidence submitted in this and previous papers 
it seems permissible to conclude that catalytic data, properly 
interpreted, provide a more certain basis for the investigation of the 
ionisation of acids. 


Summary. 


The salt effects associated with the secondary ionisation of oxalic 
acid have been systematically investigated by catalytic measure- 


ments in solutions of potassium chloride. 

In the derivation of the ionisation constant, due consideration 
has been given to the catalytic effects produced by the hydrogen ion, 
the undissociated oxalic acid, the binoxalate ion, and the oxalate ion. 
The variation of the ionisation constant K, with the total salt con- 
centration « can be expressed by the equation log K, — log Ky = 
aVx — bx, in which a = 0-81, b = 0-39, and Ko, the limiting value 
of the ionisation constant, = 7:2 x 10°. 

When the primary and secondary stages of ionisation are com- 
pared, it is found that the ratio of the coefficients of the x term 
is very nearly 1 : 2. 

In regard to the value of this ratio and the form of the equation 
connecting K, and x, the experimental results show agreement with 
the Debye-Hiickel theory, but in other respects the results diverge 
very considerably from the requirements of this theory, for the 


coefficient a of the x term is only 40% of the theoretical. 
THe Untversity, LEEDS. [Received, September 20th, 1929.] 
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CCOCXXXVIII.—Germanium. Part VI. An Improved 
Method of extracting Germanium from Germanite. 


By Witi1am Puas. 


In the process for extracting germanium and gallium from germanite 
previously described (J., 1924, 125, 816), the ore was roasted to 
remove as much of the arsenic as possible, and subsequently 
distilled with concentrated hydrochloric acid in a current of 
chlorine. Germanium tetrachloride passed over, carrying with it a 
small amount of arsenic chloride, and the last traces of this impurity 
were removed by redistilling, in the same manner, the germanium 
dioxide finally obtained. The process is somewhat tedious, for, 
apart from the necessity for redistillation and the separation of 
masses of sulphur when the distillate is saturated with hydrogen 
sulphide, 4 hours are required to drive over all the germanium from 
100 g. of the ore. This slow distillation is due to two causes. (1) 
Germanium sulphide is not easily attacked by concentrated hydro- 
chloric acid, and hence, when the ore is distilled directly with this 
acid, only 25% of the germanium distils in 3 hours. Even after 
3 hours’ roasting, a considerable portion of the germanium remains 
as sulphide, as shown by the fact that when 0-400 g. of pure 
germanium sulphide was heated in a crucible, gently at first, and 
finally to dull redness for 2 hours, it lost only 0-045 g., corresponding 
approximately to 50% conversion into oxide; during the initial 
stages, traces of yellow fume were evolved and, while the contents 
of the crucible were still comparatively cool, the sulphide became 
incandescent on the surface, but no further fuming then occurred, and 
as subsequent oxidation with nitric acid gave 0-303 g. of germanium 
dioxide (calc., 0-306 g.), there was no sensible loss of germanium 
during the roasting. (2) The hydrochloric acid in the distilling 
flask is partly neutralised by the large amount of copper oxide 
(some 70%) in the roasted ore, and therefore cannot be maintained 
at the high concentration which has been shown (J., 1926, 1051) to 
be required for the rapid attack of germanium dioxide. 

A method was therefore developed in which the copper was 
removed and the germanium sulphide converted into oxide before 
the actual distillation; this had the further advantage that far 
larger germanium concentrates could be distilled together. The 
method depends upon the author’s observation (this vol., p. 1994) 
that germanium dioxide is almost insoluble in acids at moderately 
high concentrations. The minimum quantity of nitric acid is 
employed to extract the copper, and this treatment also serves to 
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oxidise the remainder of the arsenic to arsenic acid, which passes 
into solution with the copper. 

- Procedure——The finely powdered ore is spread in thin layers on 
sheet iron and heated (under a hood) at about 300°. Fumes of 
arsenious Oxide cease to be evolved in the course of } hour, and at 
this stage the loss in weight is 16—18%. The material is then 
raised to dull redness for 24 hours, during which the ore increases in 
weight, so that the final loss is only 10—11%. Portions of 90 g. 
are then digested on a hot plate with water (50 c.c.) and concentrated 
nitric acid (125 c.c.). Action ceases in about 2 hours, the volume is 


wed 























~ then made up to 200 c.c., and the solution filtered. The filtrate 
‘ity deposits copper nitrate on cooling and the mother-liquor is employed 
um § fr digesting the next portion of ore, with the addition of the 
ie necessary quantity of nitric acid. The insoluble residue is washed 
of with small volumes of dilute nitric acid, the washings also being 
en | used for digesting the ore. In this way, the minimum amount of 
Sass germanium dioxide passes into solution. The small residues 
(1) (approximately 20% of the weight of the ore) consist chiefly of 
ty ferric oxide and germanium dioxide and contain rather more than 
"i 90% of the total germanium. The residues from 500 g. of ore are 
. then heated with 600 c.c. of concentrated hydrochloric acid in a 
al 1-litre Pyrex distilling flask and a fairly rapid stream of hydrogen 
sf chloride is bubbled through the liquid. If the liquid is maintained 
- just below its boiling point, germanium tetrachloride distils rapidly 





as tiny oily drops. These are received in a flask containing 500 c.c. 
of 2N-sulphuric acid, where they are almost completely hydrolysed 
to germanium dioxide; the last traces of germanium chloride 
vapour are recovered in a trap attached to the flask. Practically 
the whole of the germanium distils in 1} hours, and when the rate of 












7 distillation falls considerably, the receiver is changed, the stream 
. of hydrogen chloride discontinued, and the liquid boiled vigorously 

for 2 hours. The first distillate is kept over-night in a tightly 
; stoppered vessel to allow the germanium dioxide to settle, and the 
1 clear liquid is decanted. The solid is collected on a filter, washed 


free from hydrochloric acid, and ignited. The germanium dioxide 
obtained is entirely free from arsenic and represents 65—70% of 
the total element in the ore. 

The decanted liquid is made 6N with respect to sulphuric acid 
and saturated with hydrogen sulphide; the pure white germanium 
sulphide obtained yields another 15% of the germanium. The 
second distillate yields about 5% of the element, but this is con- 
taminated with a small amount of arsenic. The precipitated 
sulphides so obtained are separated by fractional precipitation from 
ammonia by Winkler’s method (J. pr. Chem., 1886, 33, 142, 194), 
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and the arsenic fraction, containing a trace of germanium, is added 
to a fresh portion of ore for digestion with nitric acid. The remaining 
10% of germanium is found with the copper nitrate and is recovered 
by igniting it to the oxide and distilling it in the same manner. The 
gallium in the ore (0-5%) is recovered from the distillation residues 
in the manner already described (J., 1924, 125, 816). 


In conclusion, the author desires to express his sincere thanks to 
Professor J. Smeath Thomas for the use of the material and for his 
interest in the work. 

“Tue University, Cape Town. [Received, September 23rd, 1929.] 





CCCXXXIX.—The Solubility of Certain Anilides in 
Water—Acetic Acid Mizxtures. 


By Atan Epwin BRaDFIELD and ALBERT FFOULKES WILLIAMS. 


In connexion with the examination of the relative reactivities of 

anilides towards chlorine (Orton and Bradfield, J., 1927, 986; 

Bradfield and Jones, J., 1928, 3073), some knowledge of the solu- 
bilities of anilides in aqueous acetic acid was required. 
Owing to the paucity of data in the literature, a series 
of determinations of the solubility of acetanilide, 
propanilide, benzanilide, toluenesulphonanilide, N- 
methylacetanilide, and N-methyltoluenesulphonanilide 
in water and in acetic acid--water mixtures up to 99%, 
acetic acid over the temperature range 20—35° was 
undertaken. 

The “‘synthetic method ”’ was employed, t.e., known 
weights of solvent and solute were gradually heated 
with constant shaking, and the temperature was noted 

at which the last trace of solid disappeared (compare Kuriloff, 
Z. physikal. Chem., 1897, 23, 547; Hartley and Thomas, J., 1906, 
89, 1013; Sidgwick and collaborators, J., 1921, 119, 983, 1003, 
1016). Solvent and solute were introduced into a specially designed 
bottle (see fig.), which was attached by rubber bands to a 
standardised thermometer graduated in 0-1°, and almost completely 
submerged in a large beaker of water, heated by a hand-adjusted 
microburner. The shape of the neck permitted vigorous agitation 
of the bottle without splashing of the liquid to the upper part 
of the neck. A rough determination of the temperature at which 
the solid just dissolved was first made. The saturated solution 
was then cooled and shaken so that solid separated as a cloud 
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of fine crystals. The bottle was re-immersed in the bath, which 
had cooled to about 2° below the solution point, and the tem- 
perature was raised at the rate of about 1° in 30—45 minutes. 
The temperature at which the cloud disappeared was taken as the 
solution temperature. Usually one or two small particles, repre- 
senting a weight of anilide negligibly small compared with the total 
anilide, remained still undissolved, and only passed into solution 
after a long time. Repeated determinations gave values agreeing 
within 0-1°. A further quantity of solvent was then introduced and 
the solution temperature for the more dilute solution determined. 
About eight or nine determinations over the range 15—40° were 
made, the points plotted, and the solubilities at 20°, 25°, 30°, and 
35° read from the curve. The following figures illustrate the 
experimental results : 


Acetanilide in 99°% acetic acid. 
G. solute in 100 


g- solvent... 44:7 463 650-0 55:7 564 583 640 69-1 75-6 
Solution temp. 18-7° 20-1° 22-9° 26-6° 27-7° 28-4° 31-5° 342° 37-1° 


A curve through these points gives the solubilities at 20°, 25°, 30°, 
and 35° as 46-2, 52-9, 60-9, and 70-7 g. of solute per 100 g. of solvent. 

The method described above did not prove suitable when the 
solubility to be measured was small. In these cases, viz., those of 
benzanilide, and the sulphonanilides in dilute acetic acid, and of 
propanilide in water, determinations were limited to the single 
temperature of 20° and the following method was employed. 
Tubes of about 20 c.c. capacity, containing various quantities of 
anilide and solvent, were sealed, placed in a thermostat, and left 
for a week, being shaken at intervals. After a few trials it was 
possible to obtain two tubes containing weights of anilide differing 
by 1—2% such that one gave a clear solution, while particles 
remained undissolved in the other. The mean concentration was 
taken as the solubility at that temperature. There is no danger of 
hydrolysis of benzanilide or the sulphonanilides by this prolonged 
contact with acetic acid, since these anilides are only hydrolysed 
with difficulty by boiling mineral acids. Propanilide is rather more 
readily hydrolysed, but we obtained no indication of appreciable 
hydrolysis, and consequent increase in solubility, under these 
conditions. 

Little comparison of our measurements with existing data is 
possible. Seidell (J. Amer. Chem. Soc., 1907, 29, 1088) gives the 
solubility of acetanilide in 99-5% acetic acid as 49-7 g. in 100 g. 
of solvent at 21-5°, whereas we obtain the value 48-1 g. in 100 g. 
of 99-0% acetic acid at this temperature. Our values for the 
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and the arsenic fraction, containing a trace of germanium, is added 
to a fresh portion of ore for digestion with nitric acid. The remaining 
10% of germanium is found with the copper nitrate and is recovered 
by igniting it to the oxide and distilling it in the same manner. The 
gallium in the ore (0-5%) is recovered from the distillation residues 
in the manner already described (J., 1924, 125, 816). 


In conclusion, the author desires to express his sincere thanks to 
Professor J. Smeath Thomas for the use of the material and for his 
interest in the work. 

“Tue University, Care Town. [Received, September 23rd, 1929.] 





CCCOXXXIX.—The Solubility of Certain Anilides in 
Water—Acetic Acid Mixtures. 


By Atan Epwin BraDFIELD and ALBERT FFoUuLKES WILLIAMs. 


IN connexion with the examination of the relative reactivities of 

anilides towards chlorine (Orton and Bradfield, J., 1927, 986; 

Bradfield and Jones, J., 1928, 3073), some knowledge of the solu- 

bilities of anilides in aqueous acetic acid was required. 

Owing to the paucity of data in the literature, a series 

of determinations of the solubility of acetanilide, 

propanilide, benzanilide, toluenesulphonanilide, J- 

methylacetanilide, and N-methyltoluenesulphonanilide 

in water and in acetic acid—water mixtures up to 99%, 

acetic acid over the temperature range 20—35° was 
undertaken. 

The “synthetic method ” was employed, t.e., known 

weights of solvent and solute were gradually heated 

: with constant shaking, and the temperature was noted 

at which the last trace of solid disappeared (compare Kuriloff, 

Z. physikal. Chem., 1897, 23, 547; Hartley and Thomas, J., 1906, 

89, 1013; Sidgwick and collaborators, J., 1921, 119, 983, 1003, 

1016). Solvent and solute were introduced into a specially designed 

bottle (see fig.), which was attached by rubber bands to a 

standardised thermometer graduated in 0-1°, and almost completely 

submerged in a large beaker of water, heated by a hand-adjusted 

microburner. The shape of the neck permitted vigorous agitation 

of the bottle without splashing of the liquid to the upper part 

of the neck. A rough determination of the temperature at. which 

the solid just dissolved was first made. The saturated solution 

was then cooled and shaken so that solid separated as a cloud 
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of fine crystals. The bottle was re-immersed in the bath, which 
had cooled to about 2° below the solution point, and the tem- 
perature was raised at the rate of about 1° in 30—45 minutes. 
The temperature at which the cloud disappeared was taken as the 
solution temperature. Usually one or two small particles, repre- 
senting a weight of anilide negligibly small compared with the total 
anilide, remained still undissolved, and only passed into solution 
after a long time. Repeated determinations gave values agreeing 
within 0-1°. A further quantity of solvent was then introduced and 
the solution temperature for the more dilute solution determined. 

About eight or nine determinations over the range 15—40° were 
made, the points plotted, and the solubilities at 20°, 25°, 30°, and 
35° read from the curve. The following figures illustrate the 
experimental results : 


Acetanilide in 99% acetic acid. 


G. solute in 100 
g. solvent... 447 46:3 50-0 55-7 564 583 640 69-1 75-6 
Solution temp. 18-7° 20-1° 22-9° 26-6° 27-7° 284° 31-5° 34-2° 37-1° 


A curve through these points gives the solubilities at 20°, 25°, 30°, 
and 35° as 46-2, 52-9, 60-9, and 70-7 g. of solute per 100 g. of solvent. 

The method described above did not prove suitable when the 
solubility to be measured was small. In these cases, viz., those of 
benzanilide, and the sulphonanilides in dilute acetic acid, and of 
propanilide in water, determinations were limited to the single 
temperature of 20° and the following method was employed. 
Tubes of about 20 c.c. capacity, containing various quantities of 
anilide and solvent, were sealed, placed in a thermostat, and left 
for a week, being shaken at intervals. After a few trials it was 
possible to obtain two tubes containing weights of anilide differing 
by 1—2% such that one gave a clear solution, while particles 
remained undissolved in the other. The mean concentration was 
taken as the solubility at that temperature. There is no danger of 
hydrolysis of benzanilide or the sulphonanilides by this prolonged 
contact with acetic acid, since these anilides are only hydrolysed 
with difficulty by boiling mineral acids. Propanilide is rather more 
readily hydrolysed, but we obtained no indication of appreciable 
hydrolysis, and consequent increase in solubility, under these 
conditions. 

Little comparison of our measurements with existing data is 
possible. Seidell (J. Amer. Chem. Soc., 1907, 29, 1088) gives the 
solubility of acetanilide in 99-5% acetic acid as 49-7 g. in 100 g. 
of solvent at 21-5°, whereas we obtain the value 48-1 g. in 100 g. 
of 99-0% acetic acid at this temperature. Our values for the 





2544 THE SOLUBILITY OF CERTAIN ANILIDES, ETO. 


solubility of acetanilide in water (g./100 g. of solvent) are here com- 
pared with those of other workers : 


Temp. ....s-0ce0ee- 15° 20° 25° 30° 35° 40° 
‘ 0-563t 0-533 — 0-654+ 
0-501" 0-462 {0.6438 0-634" 0-867" 

0-504 0-563 0-665 0-808 oe 


* Schoorl and Weerd, Rec. trav. chim., 1922, 41, 15. 
+ Pawlewski, Ber., 1899, 32, 1425. t Seidell, loc. cit. 


The number of grams of solute dissolved in 100 g. of a solvent 
containing x g. of acetic acid (for water, «= 0) are tabulated 
below. 


III. 


158 
170 
186 
204 
158 
172 
188 
204 
158 
172 
189 
207 
153 
168 
186 
206 
119 
136 
156 
181 
45 
59 
78 
104 
2-25 
2°56 
2°93 
3-34 


I = Acetanilide. IV = Benzanilide. 
II = Propanilide. V = p-Toluenesulphonanilide. 
III = N-Methylacetanilide. VI = N-Methy!-p-toluenesulphonanilide. 


UnIverRsity CoLtLteGE or NortH WALEs, 
BAnGor. [Received, September 24th, 1929.] 


Laon 
_ 


Temp. 


ous 


= CO Oro 


mB ASSIOS 
— 


R&AW;AR ASS tO 
bo eS ee Co bo = i Go bo bo 


STH HTS SASS Sere ROANHAN < 


11s 


Se ISasamwoonSSe 4 


4 
5 
6 
7 
4 
5 
6 
7 
40- 
4 
5 
6 
3 
3 
4 
5 


PEE DSRS a eR HH ORD ND 
— 


WOAWAodIG 

hm bo ~] oa 

Snes ac Oe 10 0D 

SY EY IAThwOROS ‘ 
= p 

SERS BZr IFA Swmoocanw 


bo 


lt | 


ee 
POMMWOP POM AHI 
Obtains ; 
SSassae°™ 
ot) 
m ROSH ODeH HARSH ROSS n° 
Seasasseess ASISGARRSOOHAGIBHA 
Almost 
insoluble. 
S@WSwDGUANH Saw 4 
Ss2ree OIWN SIA PMA SHANKS 
° 
ltt] 
bo 


fr) 
Ea 
[| | Sreroveas Sei eltSSSSskesesy 


SSSPRHIoID 


@ 

> 

od 

Almost 
insoluble 


Almost 
insoluble. 








‘se Ree oe © & & & OR 
PIR ADSDSS®wwows 


atelier ee 


ORGANIC DERIVATIVES OF SILICON. PART XII. 2545 


‘CCCOXL.—Organic Derivatives of Silicon. Part XLI. 


Octa - p -tolylsilicotetrane, Octa-p-tolylcyclosilico- 
tetrane, and Other Products from Di-p-tolylsilicon 
Dichloride. 

By ALFRED Raymond STEELE and Freperic Srantey Kirrre. 


As many interesting results have been obtained from an investigation 
of the action of sodium on diphenylsilicon dichloride (Kipping and 
Sands, J., 1921, 119, 330; Kipping, J., 1924, 125, 2291; 1927, 
2719), a study of the behaviour of di-p-tolylsilicon dichloride (Pink 
and Kipping, J., 1923, 123, 2832) under like conditions has been 
commenced. So far the experiments have shown that to some 
extent, at least, the two dichlorides react in a similar manner, since 
the ditolyl derivative, in toluene solution, gives octa-p-tolylsilico- 
tetrane, [Si(C,H,),],, containing two tervalent silicon atoms, and 

$i(C,H,)_°Si(C,H,), 
’ $i(C,H,),°Si(C,H,),’ 
respectively to the open-chain and closed-chain octaphenyl deriv- 
atives (A and B). 

The open-chain compound is more readily soluble than its phenyl 
analogue; it combines with iodine at the ordinary temperature, 
giving a crystalline di-iodide, Si,(C;H,),I,, and from the latter, by 
hydrolysis, there is easily formed a well-defined oxide, Si,(C,H,),0, 
which has a sharp melting point and does not show the unaccount- 
able behaviour of the corresponding phenyl derivative (J., 1921, 
119, 840). The open-chain compound readily undergoes fission with 
piperidine and alkali, giving di-p-tolylsilicanediol; its investigation 
in other directions has not yet been undertaken. — 

Octa-p-tolyleyclosilicotetrane crystallises well and is very similar 
to the cyclic phenyl compound, being stable towards iodine and 
much more resistant to fission than its open-chain isomeride; so 
far no derivatives have been obtained from it, but it would seem 
that, like octaphenylcyclosilicotetrane, it can assume an unstable 
amorphous form readily soluble in cold acetone; this matter will 
be further investigated. 

In addition to the two well-defined crystalline compounds 
referred to above, another solid is produced in very small proportion 
from the ditolylsilicon dichloride. This product is practically 
insoluble in boiling benzene and all other solvents which were tried ; 
it seems to be amorphous and to have the composition [Si(C;H_,)s]n; 
it is not attacked by piperidine and aqueous alkali. It differs, there- 
fore, in important respects from the well-defined, crystalline, very 
sparingly soluble compound C, which is obtained from diphenyl- 


octa-p-tolyleyclosilicotetrane which correspond 
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silicon dichloride and also from the insoluble amorphous product D 
which so readily undergoes fission. 

The main product of the interaction, like that (E) from diphenyl. 
silicon dichloride, is readily soluble in cold acetone. When fraction. 
ated systematically, it gave a graded series of amorphous powders 
melting indefinitely from about 120° downwards. It was at first 
presumed that this material corresponded to E, and consisted 
chiefly of an amorphous form of octatolylcyclosilicotetrane, but the 
results of analysis pointed to the presence of about 14% of oxygen 
and the hydrogen values were at least 20°, lower than those calcul. 
ated for Si,(C,H,), + 8H,O = 4S8i(C,H,),(OH), + 4H,. All the 
fractions examined seemed to have practically the same composition 
and all the data corresponded approximately to those required for 
the oxide Si,(C,H,),0, but as the latter is a well-defined compound, 
m. p. 228—229°, its chemical identity with this amorphous product 
seems to be improbable. Further, in an experiment in which 
xylene was used as solvent for the dichloride, and the heating with 
sodium occupied 30 hours, the results were very different from those 
obtained in toluene solution; there.was no insoluble solid, neither of 
the octatolyl derivatives could be isolated, and the whole of the 
product was soluble in cold acetone. Even in different experiments 
with toluene the actual and relative yields of the two crystalline 
products were very different. Further investigation is necessary, 
therefore, in many directions and will be undertaken in the immediate 
future; the publication of the results so far obtained is unfortunately 
necessitated by the usual circumstances attending a joint 
investigation. 

EXPERIMENTAL. 

Preparation of Di-p-tolylsilicon Dichloride—The samples of di- 
chloride prepared by Pink and Kipping (loc. cit.) contained at least 
7% of impurity which was thought to be ditolyl; as it was necessary 
to start with pure material in this investigation, the preparation was 
carried out as described by Kipping and Murray (J., 1927, 2734) in 
the case of diphenylsilicon dichloride. Systematic fractionation of 
the crude product gave a liquid (yield, about 30% of the theoretica)), 
b. p. 237—239°/50 mm. [Found: Cl, 25-4, 25-0. Cale. for 
Si(C,H,),Cl, : Cl, 25-3%]}. The lower boiling point of the preparations 
collected previously was no doubt due in part to the presence of 
ethoxy-derivatives as well as ditolyl, since the lower fractions 
obtained even by the improved method gave ethyl alcohol on 
hydrolysis. 

Action of Sodiwm on the Dichloride.—A solution of the pure 
dichloride (20 g.) in about 20 volumes of dry toluene was heated 
with a considerable excess (about 10 g.) of clean sodium in an 
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atmosphere of dry nitrogen. The reaction commenced at about the 
melting point of the metal and changes very similar to those in the 
case of the diphenyl derivative were observed, the deposit of sodium 
chloride being of a deep blue colour. After about 10 hours’ boiling, 
when a filtered sample seemed to give a neutral reaction to moist 
litmus and to contain no chlorine, the solution was filtered, and the 
solvent evaporated under diminished pressure ; when cold, the residue 
of crystals and glue-like matter was treated with cold acetone 
and the undissolved products (3—4 g.) were separated by filtration. 
The acetone solution on evaporation gave a glue-like material 
(p. 2549) and the dark blue mineral residue afforded an amorphous 
insoluble substance (p. 2549). 

Octa-p-tolylsilicotetrane.—The crystalline residue, undissolved by 
cold acetone, was fairly readily soluble in hot benzene or hot chloro- 
form and by fractionation from either of these solvents mixed with 
acetone it was separated into two well-defined crystalline compounds. 
Octa-p-tolylsilicotetrane, the more sparingly soluble one, crystallised 
from benzene or from chloroform—acetone in small, six-sided prisms 
melting at 290—293°, apparently with slight decomposition, since 
the cooled substance liquefied again at a lower temperature and, if 
kept fused during a short time, afterwards solidified to a trans- 
parent resin. It was very slightly soluble in boiling alcohol, acetone, 
and acetic acid and only sparingly soluble in cold benzene [Found : 
Si, 13-6; M, eryoscopic in camphor, 805. Si,(C,;H,), requires Si, 
13-4%; M, 840]. 

The compound gave hydrogen readily with a mixture of aqueous 
alkali and piperidine; 1 g. gave 105-5 c.c., the theoretical value for 
complete fission being 107 c.c. When the piperidine was removed 
by steam distillation, the alkaline solution gave a colourless deposit 
which was crystallised from chloroform-light petroleum and 
identified as trianhydrotrisdi-p-tolylsilicanediol. Further evidence 
in support of the given molecular formula is afforded by the results 
of the titrations with iodine. 

Octa-p-tolylsilicotetrane Di-iodide, Si,(C,H,),1,.—Octa-p-tolyl- 
silicotetrane was covered with dry benzene and a solution of iodine in 
dry benzene was run in gradually until a permanent coloration was 
obtained which corresponded to the disappearance of the last 
portion of crystalline matter. The solution was warmed at about 
50° merely to hasten the dissolution of the sparingly soluble silicon 
compound [0-538 g. combined with 0-156 g. of iodine. Required 
for Si,(C;H,),: I, 0-162 g.]. The clear benzene solution was 
evaporated under reduced pressure and the residue, a pale yellow oil, 
was treated with dry ether; the di-iodide was immediately pre- 
cipitated in colourless crystals, which were rapidly washed with dry 
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ether, in which they were very sparingly soluble, and then freed 
from solvent under reduced pressure. A weighed quantity was 
hydrolysed with ammoniacal acetone and the iodide in the aqueous 
solution was estimated [Found: I, 23-4. Si,(C,H,),I, requires 
I, 23-2%]. 

The di-iodide appears to be fairly stable in the solid state, but its 
solution in benzene or ether soon turns brown on exposure to air and 
light. It is very readily soluble in cold benzene and crystallises well 
from ether—benzene in rhomboidal plates, m. p. about 300° (decomp.). 

Octa-p-tolylsilicotetrane Oxide, Si,(C;H,)g0.—A pure sample of the 
di-iodide was warmed on a water-bath during a short time with 
aqueous acetone; the washed product, when recrystallised several 
times from boiling acetone, was obtained in well-defined six-sided 
prisms, m. p. 228—229° [Found: Si, 13-3; hydrogen value, 75. 
Si,(C,H,),0 requires Si, 13-19%; hydrogen value, 78]. It is readily 
soluble in boiling acetone or chloroform, moderately easily soluble 
in boiling benzene, and very sparingly soluble in alcohol or acetic 
acid ; it readily undergoes fission with piperidine and aqueous alkali. 
That the substance is the oxide and not the dihydroxide seems to be 
shown by the results of the silicon determination, since the diol 
requires Si, 12-99%. . Except for the formation of a relatively very 
small amount of an apparently amorphous powder, insoluble in all 
common solvents, the di-iodide appears to be converted quantit- 
atively into the oxide on hydrolysis; this fact and the well-defined 
properties of the oxide contrast with the observations made in the 
case of the corresponding phenyl derivative. 

Octa-p-tolyloyclosilicotetrane, [Si(C,H,).],—This cyclic compound 
is separated from its open-chain isomeride by repeated fractionation 
from acetone-chloroform. It melts fairly sharply at 310°; its 
purity was also established by microscopical investigation [Found : 
Si, 13:3; hydrogen value, 104; M, cryoseopic in benzene, 765. 
Si,(C,H,), requires Si, 13-4% ; hydrogen value, 107; M, 840}. 

Octa-p-tolylcyclosilicotetrane is readily soluble in cold benzene and 
chloroform, but not so freely as the corresponding phenyl com- 
pound, and orystallises from either of these solvents, mixed with 
acetone, in large, highly refractive, rhomboidal prisms. When 
rapidly deposited from cold benzene, it forms thin, six-sided plates, 
many of which are regular hexagons in outline; but when slowly 
evaporated, the solution gives large transparent prisms which 
contain solvent and become opaque on exposure to the air. It is 
only very sparingly soluble in cold acetone, alcohol, acetic acid, and 
ethyl acetate. Its benzene solution does not absorb iodine and it 
is unchanged when it is boiled with tetrachloroethane or with 
nitrobenzene during long periods. With piperidine and caustic soda 
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it gives hydrogen only very slowly even at about 100°, but finally 
it is completely converted into di-p-tolylsilicanediol or its con- 
densation products. 

The easiest way of obtaining a specimen of the cyclic compound 
entirely free from the open-chain isomeride is to treat the mixture 
with a slight excess of iodine in benzene solution and then to boil 
the product with aqueous acetone; the oxide which is thus formed 
from the unsaturated compound is readily separated from the silico- 
hydrocarbon by extraction with hot acetone. 

Resinous Product.—The acetone extract of the original product 
was separated by fractional precipitation with alcohol into about 
12 fractions; a portion of each fraction was then submitted to 
further treatment with various solvents, but no crystalline product 
was obtained. The original fractions were colourless amorphous 
powders except the glue-like, most soluble portion; they were all 
readily soluble in most of the common solvents with the exception of 
alcohol, acetic acid, and light petroleum. Some of the more 
sparingly soluble fractions were kept under reduced pressure until 
constant in weight and then examined : 


Fraction. M. p. C. " Si. H, value. 
I 120—135° 79-0 12-7 84 


6-8 
Tit 100—128 79:1 6-7 12-8 82 
6-8 


VI 95—120 79-1 12-6 81 


Calc. for Si(C;H,),: C, 80-0; H, 6-6; Si, 13-3%; hydrogen value, 
107. , 

Cale. for Si,(C,H,),0: C, 78:5; H, 6-5; Si, 13:1%; hydrogen 
value, 78. 

All these data agree fairly well with those required for a mixture 
of the oxide Si,(C,H,),0 with a small proportion of some material 
poorer in silicon, but such a view of the nature of this product can 
hardly be accepted. 

Amorphous Insoluble Product.—The blue residue of sodium 
chloride and unchanged metal (p. 2547) was well washed with hot 
toluene and then cautiously added to a mixture of alcohol and 
excess of acetic acid; water was added to the colourless or pale 
blue mixture and the grey flocculent material left in suspension was 
separated by filtration and exhaustively washed with water. The 
product (0-5—1 g. from 20 g. of dichloride) appeared to be practically 
insoluble in all the solvents which were tried, including boiling 
aniline, phenol, and nitrobenzene; when extracted with boiling 
benzene during 30 hours, it afforded only a very smal! proportion of 
soluble matter. The residue was a colourless amorphous powder 
which charred at a high temperature, without melting [Found: Si, 
13:1. Cale. for Si(C,;H,),: Si, 13-3%]. It gave no hydrogen with 
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aqueous alkali and piperidine and did not seem to react with iodine 
in benzene solution. 

Experiment in Xylene Solution.—In a second experiment with the 
pure dichloride (30 g.) and excess of sodium in boiling xylene 
solution in an atmosphere of nitrogen, the liquid acquired a reddish- 
brown colour at the end of about 4 hours. Samples then exposed to 
the air quickly became pale yellow and still gave an acid reaction 
to moist litmus. The boiling was therefore continued, the filtered 
reddish-brown solution being tested every 4 hours or so, but it was 
not until 30 hours had elapsed that the filtrate was free from 
chlorine; it then. gave a slightly alkaline aqueous extract. The 
filtered xylene solution, acidified with acetic acid and evaporated 
under reduced pressure, gave a glue-like mass completely soluble in 
cold acetone and apparently free from both octatolyl derivatives ; 
further, the saline residue gave no product insoluble in water. 

The whole of the soluble material was separated as before into six 
fractions. About 0-1 g. of sodium acetate was isolated from the 
most soluble fraction, and the less soluble fractions afforded a very 
small ae gre of a colourless flaky material (Found: Si, 9-8; 
C, 80-6; 7-1%), insoluble in acetone, which gave hydrogen with 
igen and alkali. 

Analyses of some of the main fractions (I was the most sparingly 


soluble) gave the following results : 

Hydrogen 
Si. value. 
10°3 


10-2 


Fraction. M. p. C. 
“s Up to about 120° 82-6 


loo 


29 9? 


III ~ . 81-3 
Vv — 80-3 
VI Oil — 

It will be seen that this amorphous soluble product differs 
materially from that obtained in toluene solution and the low per- 
centage of silicon indicates the a of compounds containing 
the group Si(C,H,),. 

In a third experiment, with toluene, ‘i. sodium was melted in 
nitrogen and filtered through glass wool directly into the reaction 
flask ; the products were similar to those obtained in the first place, 
- but the proportion of cyclic to open-chain compound was approxim- 
ately 2 : 1, instead of 1 : 2 as in the first experiment. 
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CCCXLI.—Synthesis of Anthracene Homologues. 
Part II. 2:3: 6-Trimethylanthracene. 


By Giupert T. Morcan and Epwarp Avuty CoUuLsoN. 


In continuation of our researches on the chemical constituents of 
low-temperature tar we have isolated from the anthracene fraction 
of certain tar distillates a hydrocarbon melting at 245° (corr.), giving 
analytical numbers corresponding with either a di- or a tri-methy]l- 
anthracene and yielding on oxidation a quinone melting at 240° 
(corr.). These melting points are close to those of 2 : 6-dimethyl- 
anthracene and its quinone respectively, but the two hydrocarbons 
are not identical and as so far only anthracene homologues with 
s-methyl groups have been isolated from such tar fractions it 
seemed probable that the new hydrocarbon might be 2:3 : 6-tri- 
methylanthracene. Accordingly this hydrocarbon has been 
synthesised, because the hitherto known trimethylanthracenes do 
not resemble our product from low-temperature tar (compare 
Gresly, Annalen, 1886, 234, 239, 241; Elbs, J. pr. Chem., 1887, 
35, 482; 1890, 44, 123, 143; Elbs and Olberg, Ber., 1886, 19, 410; 
Wende, Ber., 1887, 20, 868). 

I. Synthesis of 2:3: 6-Trimethylanthracene.—2 : 4: 5: 4'-Tetra- 
methylbenzophenone (I) was produced through the intermediate 
ketimine by the action of the Grignard compound of 5-iodo-y,- 
cumene on p-toluonitrile, a method of formation which establishes 
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the constitution of the ketone, and it was also prepared in quantit 
by condensation of p-toluoyl chloride with y-cumene in presence of 
aluminium chloride. 

When the ketone (I) was boiled for 8 hours as in the condensation 
described in Part I (this vol., p. 2203), very little water was elimin. 
ated; the solid product gave analytical numbers for 2: 3: 6-tri. 
methyl-9-anthrone (II) and was oxidisable to 2 : 3 : 6-trimethylanthra. 
quinone (IV). This dehydrogenation of an o-methylbenzophenone 
is novel, although many examples are known of dehydration (com. 
pare this vol., p. 2209) and Elbs (loc. cit.) records two cases of aerial 
oxidation to anthraquinones. 

Continuous boiling of the ketone for 5 days had the effect of 
inducing the more usual condensation, for water was disengaged 
and a considerable amount of 2:3: 6-trimethylanthracene (III) 
accumulated, accompanied by ill-defined products intermediate 
in composition between the hydrocarbon and the anthrone (II). 
The crude product of long boiling is preferably oxidised forthwith 
to 2:3: 6-trimethylanthraquinone, which is then reduced to 
2:3 : 6-trimethylanthracene, this procedure being the most effective 
mode of conducting the synthesis of the hydrocarbon. 

Il. Synthesis of 2 : 3 : 6-Trimethylanthraquinone.—A more direct 
synthesis of this quinone has been accomplished by using the little- 
known 4-methylphthalic anhydride (VI), which for this purpose 
was prepared from 3-nitro-4-aminotoluene (Fast Red Base GL) 
kindly supplied by the British Alizarine Company. 

When condensed with o-xylene in presence of aluminium chloride, 
4-methylphthalic anhydride yields an intermediate acidic product, 
probably 3 : 4 : 3’-trimethylbenzophenone-6'-carborylic acid, which by 
loss of water and ring closure is transformed into 2: 3: 6-tri- 
methylanthraquinone (IV). 

On comparing the two synthetic preparations of 2:3: 6-tri- 
methylanthraquinone with the quinone obtained by oxidising the 
hydrocarbon from low-temperature tar, the identity of these 
quinones was established. Hence the coal tar hydrocarbon melting 
at 245° is mainly 2:3: 6-trimethylanthracene, which when pure 
melts at 255° (corr.). The impurity in the coal tar product is 
probably 2 : 7-dimethylanthracene. 


on 0 
(IV.) <— Oo— 
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III. Synthesis of 2 : 6-Dimethylanthraquinone.—When 4-methyl- 
phthalic anhydride (VI) was condensed with toluene, an inter- 
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mediate acidic product was obtained, probably 3 : 4’-dimethyl- 
benzophenone-6-carboxylic acid, which loses water and passes by 
ring closure into 2 : 6-dimethylanthraquinone (VII), thus affording 
a supplementary synthesis of this quinone. 


EXPERIMENTAL. 


5-Ilodo-y-cumene was prepared from ¥-cumidine by Kurzel (Ber., 
1889, 22, 1586), but no details are recorded. The finely ground 
base (67-5 g.), suspended in 100 g. of concentrated sulphuric acid 
diluted with 450 c.c. of water, was diazotised below 5° with 35 g. 
of sodium nitrite in 100 c.c. of water. The diazo-solution was 
stirred into a cooled solution of 84 g. of potassium iodide in 100 c.c. 
of water; a crystalline paste separated and the mixture was warmed 
until the crude oily iodo-compound separated. After addition of 
sodium bisulphite, the iodo-compound was extracted with ether, 
and the washed ethereal solution dried over calcium chloride. 
After the ether had been removed, the oil was distilled from solid 
caustic potash, the fraction, b. p. 240—260°, being collected and 
redistilled ; 56 g. of iodo-compound, b. p. 250—255°, were obtained. 
which solidified to pale yellow crystals, m. p. 37°. 

u-Cumene.—The process employed differed from that outlined 
by Haller (Ber., 1885, 18, 93). Powdered y-cumidine (81 g.) was 
added to 210.c.c. of concentrated hydrochloric acid; the suspended 
hydrochloride, cooled to 0°, was diazotised below 5° with 50 g. of 
sodium nitrite in 114 c.c. of water. The filtered diazo-solution was 
stirred into sodium bisulphite solution, made by passing sulphur 
dioxide into 135 g. of caustic soda in 900 c.c. of cold water until 
the solution was neutral to phenolphthalein. When the pale yellow 
diazo-solution was poured into the bisulphite solution at 0°, a red 
coloration developed which rapidly faded to orange, and after 
addition of about half the diazo-solution a canary-yellow pulp 
separated. The mixture was warmed; the precipitated diazonium 
sulphite then dissolved and was succeeded by yellow hydrazine- 
sulphonate, which redissolved on being warmed to 60°. Crystallised 
sodium acetate (200 g.) was then added and the sodium salt of the 
hydrazinesulphonate separated on cooling in yellow flakes. This 
salt was boiled with 200 c.c. of hydrochloric acid in 800 c.c. of 
water. A heavy oily by-product (crude y-cumenol) was removed 
and the cooled solution was rendered alkaline to precipitate the 
j-cumylhydrazine in colourless needles, which, being unstable, was 
at once dissolved in acetic acid and added gradually to 20% copper 
sulphate solution heated in a reflux apparatus. The cooled copper 
sulphate solution was extracted with ether, and the ethereal extract 
washed with dilute aqueous caustic soda to remove ¥-cumenol and 

4k 





2554 MORGAN AND COULSON : 


dried over calcium chloride. After ether had been removed, the 
crude ¥-cumene was fractionated under ordinary pressure, 14—15 g. 
being obtained as a colourless limpid liquid, b. p. 169—172°. It 
appeared to be impossible by altering the conditions of hydrolysis 
to prevent ¥-cumylhydrazinesulphonate from decomposing largely 
into ¥-cumenol. 

Trimellitic Acid.—j-Cumene prepared by the foregoing process 
gave on oxidation by the method of Schiiltze (Ber., 1909, 42, 3604) 
a good yield of trimellitic acid, m. p. 238°. This melting point is 
higher than the recorded values; Schiiltze gives m. p. 219° and 
Perkin and Stone (J., 1925, 127, 2297) give m. p. 226—227° (Found : 
C, 51-0; H, 2-9. Cale. for C,H,0,: C, 51-4; H, 2-9%). 

2:4:5:4'-Tetramethylbenzophenone (I).—(a) By the Friedel- 
Crafts reaction. The preparation was carried out with equivalent 
weights of y-cumene (26-5 g.) and p-toluoyl chloride (34-0 g.) in 
dry carbon disulphide and aluminium chloride (34-0 g.) by the 
method used in the preparation of 2 : 4 : 4'-trimethylbenzophenone 
(this vol., p. 2208), the ketone (46-0 g.) being obtained as a viscid 
colourless oil, b. p. 220°/22 mm. 

(b) By the Grignard reaction. 5-Iodo-y-cumene (50-0 g.) was 
dissolved in dry ether and 5-0 g. of magnesium turnings were added 
with a crystal of iodine. A brisk reaction set in, but the metal did 
not entirely dissolve. The mixture was boiled for 1 hour, p-toluo- 
nitrile (23-0 g.) dissolved in dry ether was added, and the whole 
boiled and poured into cold dilute sulphuric acid. The ketone was 
extracted with ether and isolated as before (yield, 3 g. of correct b. p.). 

2:4:5: 4'-Tetramethylbenzophenone is a colourless oil which does 
not solidify at the ordinary temperature (Found: C, 85-5; H, 7:3. 
C,,H,,0 requires C, 85-7; H, 7-6%). The ketone was shaken for a 
fortnight with excess of hydroxylamine hydrochloride and sodium 
acetate in aqueous-alcoholic solution. On dilution with water a 
crude oxime separated; after three .crystallisations from alcohol 
with charcoal, it was obtained in colourless rhombs, m. p. 151° 
(Found: N, 5-7. C,,H,,ON requires N, 5-5%). 

2:3: 6-T'rimethyl-9-anthrone (II).—2 : 4:5: 4’-Tetramethyl- 
benzophenone (30 g.) was boiled under reflux during 8 hours. On 
cooling, 2-5 g. of practically pure anthrone separated, which was 
washed with ether; the washings contained unchanged ketone, 
which was recovered and added to the filtrate. The solid, crystal- 
lised successively from carbon disulphide and acetic acid, formed 
colourless flat needles or rhombic plates displaying no fluorescence 
and melting constantly at 196° (corr.) (Found: C, 86-5; H, 6-7. 
C,,H,,0 requires C, 86-4; H, 68%). When dissolved in boiling 
alcoholic potash, the anthrone developed a bright orange coloration. 
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2:3:6-T'rimethylanthracene (III).—The ketone recovered from 
the preparation of the anthrone was boiled under reflux for 6 days; 
on cooling, 20 g. of crude product separated, which was washed 
with ether, the residual ketone being somewhat charred. This 
solid (2 g.) was heated in a Hedley sublimator at 170—220° and 
the sublimate (1 g.) was crystallised twice from boiling acetic acid. 
The 2 : 3 : 6-trimethylanthracene obtained had m. p. 255° (corr.). 

The ketone prepared by the foregoing Grignard reaction, when 
boiled for 24 days, yielded the same 2 : 3 : 6-trimethylanthracene. 

Three g. of the condensation product were extracted with hot 
acetic acid and the undissolved residue was crystallised from more 
boiling acetic acid; 1 g. of 2:3: 6-trimethylanthracene was then 
obtained. After further crystallisation (charcoal) the hydrocarbon 
melted constantly at 255° (corr.). It formed pale yellow flakes 
with a strong bluish fluorescence and was indistinguishable in 
appearance from 2:6- and 2:7-dimethylanthracenes, which it 
also resembled in solubility. It formed no stable solid picrate, 
although a solution in benzene containing picric acid was deep 
blood-red (Found: C, 92-7; H, 7-0. C,,H,, requires C, 92-7; H, 
73%). 

The material extracted by hot acetic acid was precipitated by 
water and again extracted with acetic acid, leaving a small residue 
of the trimethylanthracene. The cooled extract deposited almost 
colourless, ill-defined needles melting after further crystallisations at 
170—175°, which, although giving a golden-orange coloration with 
boiling alcoholic potash, did not readily yield pure trimethylanthrone 
but on oxidation gave 2 : 3 : 6-trimethylanthraquinone. 

2:3: 6-Trimethylanthraquinone (IV).—The condensation product 
from the ketone (11-0 g.) was dissolved in boiling acetic acid and 
chromic anhydride (13-7 g.) dissolved in water was slowly added. 
The solution was poured into water and the precipitated quinone 
was boiled with dilute aqueous caustic soda to dissolve an acidic 
by-product. When crystallised from boiling acetic acid the residue 
yielded 10-5 g. of 2 : 3 : 6-trimethylanthraquinone in very pale yellow 
needles, m. p. 240° (corr.) (Found: C, 81-3; H, 5-6. C,,H,,0, 
requires C, 81-6; H, 5-6%). 

2:3:6-Trimethyl-9-anthrone (1-1 g.), when similarly oxidised 
with chromic anhydride (1-37 g.) in boiling acetic acid, yielded 
2:3: 6-trimethylanthraquinone (0-9 g., m. p. 240°), as did also the 
purified trimethylanthracenes from specimens of the ketone made 
by both methods (a) and (b). 

Reduction of 2:3: 6-Trimethylanthraquinone.—(a) To 2:3: 6- 
trimethylanthracene. Powdered 2:3: 6-trimethylanthraquinone 
(40 g.) was suspended in 50 c.c. of aqueous ammonia (d 0-880) and 
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50 c.c. of water. Zinc dust was introduced and the mixture was 
gently warmed, with further additions of zinc dust and concentrated 
aqueous ammonia. After 2 days the initial red colour had been 
entirely discharged. The undissolved material was treated with 
warm dilute hydrochloric acid; the residue, when crystallised from 
acetic acid, yielded 3 g. of trimethylanthracene. The ammoniacal 
filtrate had a purplish fluorescence, and ether extraction furnished a 
small amount of the dihydroanthranol derivative (V), which on 
crystallisation from acetic acid passed into trimethylanthracene. 
(b) To 2:3: 6-trimethyl-9-anthrone. No heat was. generated 
when aluminium powder was added to a solution of the anthra- 
quinone in concentrated sulphuric acid. As the anthraquinone did 
not appear to be reducible to anthrone by this method, 2-0 g. of tin 
and 5 c.c. of concentrated hydrochloric acid were added slowly to 
1-0 g. of the trimethylanthraquinone dissolved in 20 c.c. of ‘boiling 
acetic acid. The filtrate on cooling deposited colourless crystals 
(0-5 g.), which after several crystallisations melted at 193° and 
underwent no depression of melting point in admixture with pure 
2:3: 6-trimethyl-9-anthrone. The: material is probably this 
anthrone contaminated with isomeric 2 : 3 : 6-trimethyl-10-anthrone. 
Oxidation of 2:3: 6-Trimethylanthraquinone.—The trimethyl- 
anthraquinone (2-5 g.) was dissolved in 100 c.c. of acetic acid boiling 
under reflux, and 10-0 g. of chromic anhydride solution were slowly 
added. Acetic acid was then distilled off and the residue poured 
into water to precipitate the crude oxidation product, which was 
extracted with boiling dilute aqueous caustic soda and precipitated 
with acid. The crude product crystallised from acetic acid as 
an ill-defined, cream-coloured substance (0-2 g.), readily electrified 
on being touched and giving a blood-red vat with zinc dust and 
ammonia. It had no melting point and decomposed above 300° 
(Found: C, 66-6; H, 3:5. C,,H, 90, requires C, 65-8; H, 3-2%). 
It is probably either 2-methyl-3 : 6-dicarboxy- or 3-methyl-2 : 6- 
dicarboxy-anthraquinone, or a mixture of the two. 
4-Methylphthalic Anhydride (V1I).—Scanty details for the con- 
version of 3-nitro-4-aminotoluene into 4-cyano-3-nitrotoluene are 
given by Niematowski (Ber., 1888, 21, 1535). The following 
conditions are suitable for large batches: 60 g. of the base were 
dissolved in 100 c.c. of acetic acid and a mixture of 96 c.c. of con- 
centrated hydrochloric acid and 96 c.c. of water was stirred in 
rapidly to produce fine crystals. This paste at —10° was diazotised 
by one addition of 30 g. of sodium nitrite in 80 c.c. of water, the 
temperature remaining below 10°. The filtered diazo-solution was 
poured into a Sandmeyer reagent at 50° consisting of 120 g. of 
potassium cyanide dissolved in 200 c.c. of water with addition of 
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108 g. of copper sulphate crystals in 400 c.c. of water. A brown 
solid separated which, on heating, decomposed into crude oily 
nitrile; this crystallised on cooling and was extracted with benzene 
(yield, 35 g. of 4-cyano-3-nitrotoluene). 

The reduction of this nitro-compound to 4-cyano-3-aminotoluene 
had been effected by Glock (Ber., 1888, 21, 2662), using stannous 
chloride in hydrochloric acid, but by his method our yield was 
unsatisfactory. Niematowski (loc. cit.) used tin and hydrochloric 
acid, but gave no details. We found that the temperature of 
reduction must be controlled if hydrolysis of the nitrile group is to 
be avoided. The following method was suitable and gave yields 
approaching 90% of the theoretical. A solution of 100 g. of the 
nitro-compound in 100 ¢.c. of warm acetic acid was cooled to obtain 
suitably small crystals. Concentrated hydrochloric acid (450 c.c.) 
was added and 200 g. of tin were introduced slowly, the temperature 
being maintained at 55—60°. When the nitro-compound and 
nearly all the tin had dissolved, the solution was filtered, diluted 
with water, cooled, and neutralised with concentrated caustic 
soda solution. The precipitated crude base was extracted with 
ether in a Soxhlet apparatus, practically pure 4-cyano-3-amino- 
toluene, m. p. 90°, being obtained ; a further quantity was recovered 
by ethereal extraction of the neutralised filtrate. If during reduc- 
tion the temperature rose above 60°, 2-amino-p-toluamide, m. p. 
147°, was largely formed. 

The conversion of 4-cyano-3-aminotoluene into the dinitrile of 
4-methylphthalic acid was not described in detail by Glock (loc. 
cit.), but the procedure employed by Findeklee (Ber., 1905, 38, 
3543) for 3-cyano-4-aminotoluene was applicable to the present 
isomeric base, the yield of dinitrile being 25—30 g. from 50 g. of 
amine. 

The dinitrile yielded 4-methylphthalic acid (m. p. 150-5°) in 
colourless needles or thin prisms. On distillation under ordinary 
pressure it passed quantitatively into the corresponding anhydride 
(b. p. 299°, m. p. 93°). 

Condensations with 4-Methylphthalic Anhydride—(1) 2:3: 6- 
Trimethylanthraquinone. Powdered aluminium chloride (7-0 g.) was 
gradually added to the paste of 4-methylphthalic anhydride which 
had been ‘produced by cooling a solution of 4 g. of the anhydride 
in 21 g. of warm o-xylene. The anhydride redissolved, the dark red 
solution evolved hydrogen chloride, and, after being heated at 
9—100° until no more hydrogen chloride was disengaged, the 
mixture was cooled, diluted with water, and the excess of o-xylene 
removed in steam. The dark brown, gummy product was extracted 
with sodium carbonate solution, the extract acidified, and the 
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resinous precipitate left with a little benzene until it solidified, 
Repeated crystallisations of the solid from benzene and acetic acid 
yielded 3 g. of pure compound. In the condensation of 4-methy]- 
phthalic anhydride with toluene (see below) the carbonyl group 
meta to the methyl group probably becomes attached to the nucleus 
of the hydrocarbon and it is reasonable to suppose that condensation 
takes place in the same sense in the case of o-xylene, to yield 3 : 4 : 3’- 
trimethylbenzophenone-6'-carboxylic. acid, which forms colourless 
needles, m. p. 162° (corr.) (Found: C, 76:2; H, 6-0. C,,H,,0, 
requires C, 76-1; H, 6-0%). 

3: 4: 3’-Trimethylbenzophenone-6’-carboxylic acid (1 g.) was 
dissolved in 10 g. of concentrated sulphuric acid and the yellowish- 
brown solution was kept at 120—130° during 1 hour before being 
poured into water. The precipitated crude 2: 3 : 6-trimethy]- 
anthraquinone (0-8 g.), after two crystallisations from acetic acid, 
furnished the quinone melting at 240° and identical both with 
the quinone from the foregoing synthesis and with the specimen 
obtained from the anthracene fraction of low-temperature tar 
distillate. . 

(2) 2: 6-Dimethylanthraquinone. Condensation was carried out 
with 9-0 g. of methylphthalic anhydride, 40-0 g. of toluene, and 
15-0 g. of aluminium chloride, and the acid product (5-0 g.) purified 
as before. The formation of 2 : 6-dimethylanthraquinone solely, 
on ring closure, shows that this intermediate acid is almost certainly 
3 : 4’-dimethylbenzophenone-6-carboxylic acid. It crystallises in 
colourless needles or long prisms, m. p. 164° (corr.), from benzene 
or acetic acid (Found: C, 75-6; H, 5-6. C,,H,,0, requires (, 
75-6; H, 55%). 

The condensation product (1 g.) gave 0-9 g. of 2 : 6-dimethyl- 
anthraquinone which, after repeated crystallisation from acetic 
acid, melted at 242° (corr.), and this melting point was not depressed 
by admixture with an authentic specimen of the quinone prepared 
as described in Part I (loc. cit.). 


Summary. 

1. 2:3: 6-Trimethylanthracene (m. p. 255° corr.) and 2:3: 6- 
trimethyl-9-anthrone (m. p. 196° corr.) have been synthesised by 
methods which establish definitely the orientation of the three 
methyl groups, and these compounds have been oxidised to 2 : 3 : 6- 
trimethylanthraquinone (m. p. 240° corr.). 

2. Supplementary syntheses of 2: 3 : 6-trimethylanthraquinone 
and 2 : 6-dimethylanthraquinone have been effected with 4-methyl- 
phthalic anhydride. 

3. The heavy neutral oils of low-temperature tar from the carbonis- 
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ation of bituminous coal contain a mixture of anthracene derivatives, 
including 2:3: 6-trimethylanthracene, from which 2: 3: 6-tri- 
methylanthraquinone has been obtained by oxidation. 


CHEMICAL RESEARCH LABORATORY, 
TEDDINGTON, MIDDLESEX. [Received, September 10th, 1929.] 





CCCXLII.—The Condensation of Fluorene with Acetone. 
Part I. The Action of Magnesium 9-Fluorenyl 
Bromide on (a) Acetone, (b) Diacetone Alcohol. 
The Question of Two Forms of 9-isoPropylidene- 
fluorene. 

By Peter MaITLand and StanLtEY Horwoop TUCKER. 


FLUORENE reacts with acetone in the presence of potassium hydr- 
oxide to give a compound, C,,H,.O0, m. p. 76—78°, the preparation 
of which will be described in a subsequent communication. It was 
at first thought that this compound contained an ethereal oxygen 
atom and might be formulated as (I). 


ot cM -OH CMe 

Hy 
~ ce OH e:CH, 
Nite, 


(I.) (II.) . (IV.) 

On this idea a synthesis was attempted from magnesium 9-fluor- 
enyl bromide and diacetone alcohol to obtain (after the usual treat- 
ment) the compound (IT), which should readily be converted directly, 
or via the chlorohydrin, into (I). The compound (II) was actually 
isolated in small yield, but it has not yet been converted into (I), 
because this structural formula for the compound C,,H,,)0 has been 
abandoned. The work now to be described has, however, a direct 
bearing on the structure of the compound C,)H490, as will be shown 
in a subsequent communication. 

The action of magnesium 9-fluorenyl bromide on diacetone alcohol 
gives rise to several products: (a) «-9-fluorenyl-xyy-trimethyltri- 
methylene glycol (II), m. p. 110—112°; (b) a phototropic substance, 
C,9H,9, m. p. 80—82°; (c) a substance, C,,H,,, m. p. 58—61°; and 
(d) 9-fluorenyldimethylearbinol, m. p. 99—101° (Courtot, Ann. 
Chim., 1915, 4, 162, gives m. p. 103°). 
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In the above reaction half of the fluorene used should be recovered 
unchanged as the result of the action of the Grignard reagent on the 
hydroxyl group. Much more than half was recovered. The yields 
of the above substances were very small and a considerable amount 
of uncrystallisable oil was obtained. The ‘first product of the 
reaction would appear to be the glycol (II), but this was isolated 
on one occasion only and then in sufficient quantity for analysis 
only. It seems to be almost impossible to prevent this compound 
from losing water by the action of the Grignard reagent, giving oils 
from which nothing crystalline can be obtained. To prepare 
appreciable quantities of the products (b)—(d) it was necessary to 
work under conditions which brought about the destruction of (a) 
with elimination of water. Thus was obtained (b), which may be 
«-diphenylene-$3-dimethyl-A“-pentadiene (IV), or more probably 
(as will be shown in another communication) «-diphenylene-f3- 
dimethyl-A*y-pentadiene (III). Reduction of the compound (III 
or IV) gave a saturated hydrocarbon, C,,H.., m. p. 101—103°, which 
will therefore be 8-9-fluorenyl-83-methylpentane. 

The substance (c) is possibly the isomeride of (b) represented by 
(III) or (IV). The quantity obtained was too small for investigation. 

The remaining substance (d) is probably the product of the direct 
action of magnesium 9-fluorenyl bromide on acetone, either origin- 
ally contained in admixture with the diacetone alcohol or formed 
from it during the reaction (see later, under condensation of magnes- 
ium 9-fluorenyl bromide with acetone). It is well known that diacet- 
one alcohol, when kept in the presence of a base, decomposes into 
acetone until an equilibrium mixture is obtained (Koelichen, Z. 
physikal. Chem., 1900, 33, 129). 

The action of magnesium 9-fluorenyl bromide on acetone has been 
studied by Courtot (loc. cit., p. 161), who obtained 9-fluoreny]l- 
dimethylearbinol (‘‘ dimethyldibenzofulvanol’’), m. p. 103°, in low 
yield. We have been able to obtain (i) this compound, m. p. 99— 
101°, in 50% yield, calculated on the unrecoverable fluorene used ; 
(ii) the substance, m. p. 58—61°, listed as (c) on p. 2559; (iii) 9-iso- 
propylidenefluorene (V), m. p. 113—117°; and (iv) 9 : 9’-difluoreny]. 
The products (ii) and (iv) were isolated in small quantities, but (iii) 
was sometimes the main product of the reaction. 

Courtot prepared 9-isopropylidenefluorene (“ dimethyldibenzo- 
fulvene ’’; loc. cit., p. 220) by heating 9-fluorenyldimethylearbiny] 
chloride with pyridine and described it as a light yellow substance 
melting at 89°. We repeated Courtot’s work and obtained 9-iso- 
propylidenefiuorene, by slow distillation in steam or crystallisation 
from alcohol or ligroin (b. p. 60—80°), as colourless needles softening 
at 110° and melting at 113—J17°. We were also able to prepare 
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the same compound from magnesium isopropyl bromide and 
fluorenone, thus providing strong evidence that the position of the 
double bond is as shown in (V) and not as in (VI), 


¢ CH 
CMe, CMe:CH, 


We communicated these results to Professor Courtot on July 6th, 
1928, before the publication of a paper by Schlenk and Bergmann 
(Annalen, 1928, 463, 207, 215), who prepared 9-isopropylidene- 
fluorene from magnesium 9-isopropyl chloride and fluorenone and 
gave the melting point as 113°; but they could neither prepare this 
compound by Courtot’s method nor obtain the compound, m. p. 
89°, described by Courtot. Furthermore, they describe the former 
as an unstable yellow compound which soon becomes brown and 
viscous. The compound obtained by us is stable in the dark, but 
becomes yellow and soft when exposed to light. A paper containing 
these results was submitted to the Chemical Society on August Ist, 
1928 (P., 1928, 91), but has not yet been published. 

No compound corresponding to that, m. p. 89°, described by 
Courtot could be isolated by us; and we therefore consider that the 
statement of Schlenk and Bergmann (loc. cit., p. 207), ‘‘ Wir halten es 
zwar fur sehr wahrscheinlich, dass es sich hier um Stereoisomere in 
dem oben gekennzeichneten Sinne handelt”’ is untenable, since 
it is based on the doubtful existence of the compound of alleged 
m. p. 89°. 

For future synthetic work, 9-fluorenyldimethylcarbinyl chloride 
and bromide were prepared from 9-fluorenyldimethylearbinol, but 
attempts to convert them into the iodide by the action of sodium 
iodide in acetone (Finkelstein, Ber., 1910, 43, 1528) were fruitless. 
The action of sodium iodide in alcohol and in acetic acid gave 
peculiar results, needing further study. 

9-isoPropylfluorene has been prepared (a) by the reduction of 
9-isopropylidenefluorene (V), and (6) from the potassium derivative 
of 9-carbethoxyfluorene and isopropyl iodide, followed by hydrolysis 
and removal of carbon dioxide from the carboxylic acid. 


EXPERIMENTAL. 
Magnesium 9-Fluorenyl Bromide.—The method of Courtot * (oc. 
cit., p. 84) was followed, with important variations. Magnesium ethyl 


* We are grateful to Professor Courtot for furnishing helpful information 
relating to the preparation of magnesium 9-fluorenyl bromide. 
4R2 
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bromide was prepared in the usual way from magnesium (12 g.), 
ethyl bromide (48 c.c.), and ether (200 c.c.) with vigorous stirring 
(Gilman and Meyers, J. Amer. Chem. Soc., 1923, 45, 159). Fluorene 
(84 g.) and xylene (250 c.c.) were added and the mixture was heated 
in a glycerol bath, stirring being continued throughout the whole 
experiment. (The stirrer, turning in a mercury seal, was driven 
at a high speed by means of an electric motor.) Ether slowly 
distilled, and when the temperature had reached 136—137° (bath 
temperature, that of the liquid being 2—3° lower) most of it had 
passed over, leaving a clear green liquid. This took 1 hour; after 
a further 4 hour, white nodules (magnesium ethyl bromide) began 
to separate. (It is essential to remove all the ether; and, accord- 
ingly, the condenser was kept attached to a receiver throughout the 
subsequent period of heating.) The liquid was maintained strictly 
at 136—137° for a further 12 hours, every care being taken to 
prevent the entry of moisture. The nodules were, finally, pale green 
(magnesium 9-fluorenyl bromide), and practically filled the enclosing 
red liquor (compare Courtot, loc. cit., p. 84). The period of heating 
(12 hours) may be discontinuous. ~ 

The Action of Acetone on Magnesium 9-Fluorenyl Bromide. Pre- 
paration of 9-Fluorenyldimethylcarbinol (compare Courtot, loc. cit., 
p- 161).—Acetone (38 c.c., approximately the theoretical quantity ; 
which had been dried over anhydrous sodium sulphate, and distilled 
just before use) was added dropwise, with very vigorous stirring, 
during 1} hours to the magnesium 9-fluorenyl bromide prepared as 
above, and immersed in ice. The nodules turned from pale green 
through pale brown to a white pasty-looking solid. Stirring, at 
room temperature, was continued for } hour. The mixture was 
then heated in a glycerol bath to 125°.* After 5 minutes at this 
temperature the white paste changed to a thin suspension of pale 
brown, gelatinous particles; at the end of a further 10 minutes’ 
heating, the whole suddenly set to a thick, slightly yellow paste. 
Heating was continued for 1 hour. (The temperature must on no 
account rise above 125°. Also, stirring must, throughout, be very 
vigorous, to prevent the gelatinous particles from coalescing.) The 
cooled mixture was poured into dilute sulphuric acid, the xylene 
layer separated, the aqueous portion extracted once with ether, and 
the united xylene-ether extracts washed twice with equal volumes 
of water and distilled without drying. After ether and most of the 
xylene had been removed, the residue was distilled under reduced 
pressure. (The pressure must be reduced before darkening and 
crackling—due to liberation of water with attendant decomposition 
of the desired carbinol—commence.) Fractions were collected 


* The reaction which takes place at 135° is considered on p. 2563. 
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(13—15 mm.) at (i) 75°, a pleasant-smelling liquid (3 g.), which was 
not investigated ; (ii) 155—165°, fluorene (22—26 g.); (iii) 165—185°, 
a mixture of fluorene and 9-fluorenyldimethylcarbinol (about 45 g.); 
(iv) 185—-215° (chiefly at 193°, and only a small amount above 205°), 
a mixture (35—41 g.) containing a large proportion of the carbinol 
with oil but no fluorene. The residue (3—5 g.) in the flask consisted 
of 9: 9’-difluorenyl, m. p. 246—247°. From an alcoholic.solution 
of fraction (iii), fluorene (30 g.), m. p. 115°, separated practically 
completely on cooling; the filtrate was evaporated to dryness and 
the slightly oily residue was pressed on porous plate and crystallised 
from ligroin (b. p. 60—80°), giving the carbinol (6—9 g.). Fraction 
(iv), crystallised from ligroin (b. p. 60—80°), gave the carbinol 
(18—20 g.); the filtrate on evaporation left a yellow, uncrystallis- 
able oil (15—20 g.). The total amount of carbinol (24—29 g.) 
obtained represents 20—25% of the theoretical yield, or 50—60% 
calculated on wunrecovered fluorene. 9-Fluorenyldimethylcarbinol 
crystallises from ligroin, or from a very concentrated solution in 
alcohol, in large colourless rhombs, m. p. 99—101° (Found :* 
C, 85-8; H, 7-1. Cale.: C, 85:7; H, 7:1%). It possesses slight 
vesicant and sternutatory properties. 

In experiments in which the temperature of heating was 135°, 
instead of 125°, no carbinol could be isolated, but treatment as above 
gave a fraction, b. p. 185—230°/15 mm., which after crystallisation 
from alcohol gave 9-isopropylidenefluorene (3 g.) (see later). From 
the alcoholic filtrate a substance was obtained which, after ten 
crystallisations from methyl alcohol, separated in wheat-sheaf 
clusters of colourless needles; these, alone or mixed with the substance 
described on p. 2565, melted at 58—61°. 

9-Fluorenyldimethylcarbinyl bromide was prepared by passing dry 
hydrogen bromide into a solution of 9-fluorenyldimethylcarbinol 
in cold alcohol or glacial acetic acid (Found: Br, 27-6. C,.H,,Br 
requires Br, 27-9°%%). Recrystallisation from alcohol, glacial acetic 
acid, or ligroin (b. p. 60—80°) did not alter the m. p., 98—103°. 
This cannot, however, be taken as indicative of the purity of the 
substance, since the melting points (e.g., 70°) of crude specimens of 
this substance were unaffected by recrystallisation. 

By heating 9-fluorenyldimethylcarbinyl chloride at 180°, 9-iso- 
propylidenefluorene, m. p. 113—117°, was produced and also a 
compound, m. p. 50—59°, which is being investigated. 

Synthesis of 9-isoPropylidenefluorene—To the reagent prepared 
from magnesium (2-4 g.) and isopropyl bromide (12-3 g.) in dry 

* Analyses recorded in this paper were performed with a tube containing 
a mixture of copper oxide and lead chromate (Pregl, “ Die quantitative 
organische Mikroanalyse ”’). 
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ether (50 c.c.), fluorenone (18 g.) in ether was added slowly: At the 
end of the reaction the solution was heated on a water-bath for } 
hour, cooled, and poured into ice and hydrochloric acid. The 
ethereal extract gave an oil, of which the portion distilling below 
200°/15 mm. was crystallised from ligroin. The first and second 
crops were fluorenone; the third crop formed long needles, which 
were recrystallised from alcohol, and proved to be 9-isopropylidene. 
fluorene. 

Bromine Addition Product of 9-isoPropylidenefluorene.—The pure 
compound (0-7 g.) was dissolved in carbon disulphide (7 c.c.), and 
bromine (0-54 g.) in carbon disulphide (5-4 c.c.) added gradually 
with cooling; only a small amount of hydrogen bromide was evolved, 
After removal of the carbon disulphide in a current of air, the solid 
was crystallised twice from ligroin, 9-bromofiuorenyldimethylearbinyl 
bromide being obtained in slightly green prisms, which crushed to a 
white powder and melted at 126—127° to a green liquid (Found: 
Br, 43-3. C,,H,,Br, requires Br, 43-7%). 

Attempts to prepare 9-fluorenyldimethylearbinyl chloride by 
heating 9-isopropylidenefluorene with dry hydrogen chloride in 
glacial acetic acid under pressure for 3 hours at 150° were unsuccess. 
ful, the initial material being recovered. 

9-isoPropylfluorene.—(a) By reduction of 9-isopropylidenefluorene. 
9-isoPropylidenefluorene (2 g.) was boiled with hydriodic acid 
(d 1-700; 5 c.c.) in glacial acetic acid for 2 hours. After standing, 
needles separated which were insoluble in methyl or ethyl alcohol, 
but crystallised from glacial acetic acid in long needles, m. p. 235— 
240°, apparently consisting of 9 : 9’-difluorenyl (m. p. 245°). The 
filtrate from the reaction mixture gave, when poured into sulphurous 
acid, a pink solid which soon turned yellow. It crystallised from 
methyl alcohol, in which it was very soluble when hot, in long, pale 
yellow laminz, m. p. 53—55°, of 9-isopropylfluorene (Found : (, 
92-5; H, 7:8. C,gH,, requires C, 92-3; H, 7:7%). Distillation 
and subsequent crystallisation gave colourless lamine. 

(b) By the action of isopropyl iodide on potassium 9-carbethoxy- 
fluorene. The ester (Wislicenus and Mocker, Ber., 1913, 46, 2779) 
(12 g.), dissolved in anhydrous ether (50 c.c.), was boiled with 
potassium (2 g.) until the metal had nearly all dissolved; complete 
solution was effected by addition of aleohol (2 g.). _isoPropy] iodide 
(19 g., .e., more than twice the theoretical quantity) was then 
added. The mixture was heated on the water-bath, the ether 
evaporated, and the residue boiled for 4 hour with alcoholic sodium 
hydroxide in order to hydrolyse the ester produced by the above 
reaction. The solution was acidified with hydrochloric acid and the 
yellow solid which separated was washed, dried, and heated to expel 
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carbon dioxide; the product was distilled and crystallised from 
alcohol, giving colourless laminz of 9-isopropylfluorene. 

Action of Diacetone Alcohol on Magnesium 9-Fluorenyl Bromide.— 
The Grignard reagent was prepared as described on p. 2562. To it, 
maintained at 110—120° and vigorously stirred, was added, drop- 
wise, in the course of } hour, freshly distilled diacetone alcohol 
(14-5 g., b. p. 76°/20 mm.). The greenish solid turned yellow, then 
brown and gelatinous (2 hours’ stirring). The mixture was heated 
for 2 hours at 137° (bath temperature). After cooling, it was poured 
into very dilute sulphuric acid, the xylene layer removed, and the 
acid solution extracted once with ether. The combined extracts 
were washed with an equal volume of water and, without drying, 
concentrated by distillation to about 50 c.c.; the crystals then 
obtained were washed with cold alcohol and were practically pure 
fluorene (18—20 g.). The united filtrate and alcoholic washings, on 
evaporation and repetition of the above process, gave a further 
quantity of fluorene (5 g.). The filtrates were distilled. After all 
the xylene had passed over, the temperature of the liquid rapidly 
rose and violent crackling ensued, due obviously to liberation of 
water by decomposition of the material. Heating was continued 
until water had been removed, and the residual liquor was distilled 
under diminished pressure (15 mm.), fractions being collected (i) 
up to 170°, (ii) at 170—185°, (iii) at 185—225°, (iv) above 225° 
(difluorenyl). Fractions (i) and (ii) were crystallised from alcohol. 

Fraction (i) (5-5 g.) contained fluorene (3-3 g.). In one experi- 
ment, the alcoholic filtrate from the fluorene gave, on slow evapor- 
ation, needles (2 g.) which, after distillation and several recrystallis- 
ations from alcohol and methyl alcohol, gave a compound, m. p. 
58—61° (Found: C, 92-6, 92-6; H, 7-3, 7-3. C,,H,, requires C, 
92-7; H, 73%) (see also p. 2563). It was very soluble in cold carbon 
tetrachloride, ethyl acetate, acetone, or benzene and in warm glacial 
acetic acid, alcohol, ligroin, or methyl alcohol and scratching was 
necessary to start crystallisation. 

Fraction (ii) (5 g.), by successive crystallisation from alcohol and 
ligroin, gave fluorene (1-5 g.). The filtrates therefrom gave 9-fluor- 
enyldimethylearbinol, which crystallised from ligroin (b. p. 60—80°) 
in large rhombs (1-3 g.), m. p. 99—101°. 

Fraction (iii) (7 g.) was treated with excess of hot ligroin (b. p. 
40—60°) and the solutién together with the insoluble substance 
was kept and then filtered. Difluorenyl was thus removed. The 
oil left on evaporation of the filtrate was dissolved in alcohol; the 
solution deposited, after long standing (sometimes at once), colour- 
less needles, which, after several recrystallisations from alcohol, 
softened at 80° and melted at 81—82° (yield, 0-2—0-5 g.) (Found : 





2566 THE CONDENSATION OF FLUORENE WITH ACETONE. PART I. 


C, 92-6; H, 7-4. C,,H,, requires C, 92-7; H, 7-3%). This sub. 
stance is soluble in ethyl or methyl alcohol or glacial acetic acid and 
very soluble in carbon tetrachloride, ethyl acetate, or benzene. It 
turns pink superficially after a few minutes’ exposure to light, but 
becomes colourless again when kept in the dark for several days. 
Its solutions are colourless and are not affected by light. If left for 
long in the light, the pink crystals become brown and cannot then 
be reconverted into the colourless variety. 

The evaporated filtrate from the substance of m. p. 80—82° 
gave an oil which crystallised from ligroin (b. p. 60—80°), giving 
another crop of 9-fluorenyldimethylearbinol (0-8 g.), m. p. 99— 
101°. 

Each fraction of the distillate left an uncrystallisable oil. 

In one experiment, all the recovered fluorene was distilled under 
normal pressure. Fluorene and a small amount of oil were obtained, 
The whole was steam-distilled. The oily residue was crystallised 
from alcohol (giving fluorene), and the filtrate evaporated to an oil. 
This oil dissolved in ligroin (b. p. 49—60°) and after some time, by 
scratching, was deposited in crystals; m.p. 112°. These were almost 
insoluble in ligroin, but separated from a hot benzene solution, to 
which ligroin (b. p. 60—80°) had been added, in stellar clusters of 
a-9-fluorenyl-wyy-trimethylirimethylene glycol (II), m. p. 110—112° 
(Found: C, 80-6; H, 7-9. C,H gO, requires C, 80-8; H, 7-8%). 
This crystallised also from acetic acid or alcohol diluted with water. 
It was very soluble in ethyl acetate, acetone, and warm carbon 
tetrachloride and benzene. 

Reduction of the Substance C,,H,,, m. p. 80—82° (III or IV).— 
The substance (1-5 g.), hydriodic acid (4-5 c.c.; d 1-700), and glacial 
acetic acid (50 c.c.) were boiled together for ? hour. Most of the 
acetic acid was distilled off, and sulphurous acid added until the liquid 
became pale cream in colour. The oil which separated was extracted 
by carbon tetrachloride, washed and dried, and the solvent removed 
by distillation. The residue was a pale green, blue-fluorescing oil. 
It dissolved in hot alcohol (about 5 c.c.) and, on cooling, large 
rhombs slowly separated (0-2 g.), melting after recrystallisation from 
ethyl or methyl alcohol at 101—103° (Found: C, 91-4; H, 85. 
8-9-Fluorenyl-8-methylpentane, C,y5Ho., requires C, 91-2; H, 8-8%). 
The filtrate from the above (0-2 g.), on standing over-night, deposited 
a crop (0-6 g.) which melted after several crystallisations from methyl 
alcohol at 51—55° (Found: C, 91-3; H, 8-4. Cy 9H requires C, 
91-9; H, 81%). The method of mixed melting points showed 
it to be different from the compound, m. p. 58—61° (p. 2565), 
and from 9-isopropylfluorene, It was very soluble in benzene oF 
ligroin. 
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CCCXLIII.—The Influence of the Sulphur Atom on the 
Reactivity of Adjacent Atoms or Groups. Part III. 
5- and «-Chloro-sulphides. 


By GrorcE MacponaLD BENNETT, FREDERICK HEATHOCOAT, and 
ARTHUR NEVILLE Mossszs. 


THE experiments described in Part I (J., 1927, 477) appeared to 
indicate that 8-halogenated sulphides would be too unstable for 
isolation owing to a tendency to produce cyclic sulphonium halides 
by internal self-addition : R-S-(CH,),°X =|R8 ah os X (1). 
Such a reaction should, however, be slower with a chloro- than with 
a bromo- or an iodo-sulphide. As it has been found difficult to 
alkylate aromatic sulphides with alkyl halides (e.g., Kehrmann and 
Duttenhéfer, Ber., 1905, 38, 4197), self-addition should also occur to 
a less extent in phenyl alkyl sulphides as compared with purely 
aliphatic compounds. We therefore undertook the preparation of | 
phenyl 8-chlorobutyl sulphide, phenyl «-chloroamyl sulphide and, for 
comparison, 3-chlorobutyl ethyl and e-chloroamyl methyl sulphides 
together with the isomeric y-chlorodipropyl sulphide. 

The chloro-sulphides were obtained from the corresponding 
hydroxy-sulphides, the synthesis of which has already been described 
(this vol., p. 268), and their behaviour is entirely consistent with the 
considerations advanced above. The aliphatic 8-chlorobutyl ethyl 
sulphide immediately underwent self-addition to a large extent and 
consequently could not be distilled without decomposition. The 
tetramethylene-ethylsulphonium chloride formed from it was char- 
acterised by preparing its chloroplatinate. The remaining chloro- 
sulphides were all distilled without decomposition, although a pressure 
of 1 mm. was necessary in the case of phenyl e-chloroamy] sulphide. 

Phenyl 8-chlorobutyl sulphide does not suffer hydrolysis when 
heated in aqueous acetone solution, for no liberation of acid can be 
detected, yet ionic chlorine appears in increasing quantity. The 
formation of phenyltetramethylenesulphonium chloride (I; R= 
Ph; X = Ol) by ring closure appears to be indicated, and this is 
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confirmed by the isolation from the resulting solution of the corre- 
sponding chloroplatinate and chloroaurate. In the same way pheny] 
- g-chloroamyl sulphide undergoes ring closure, phenylpentamethylene- 
sulphonium chloride being identified by conversion into the chloro- 
platinate and chloroaurate, and e-chloroamyl methyl sulphide yields 
pentamethylenemethylsulphonium chloride, isolated as the chloro- 
platinate. 

Quantitative measurements of the progress of these reactions at 
70°, 80°, and 90° show that they are of the first order and proceed 
almost to completion. The velocity coefficients for the closure of 
the five- and six-membered rings from phenyl 8-chlorobutyl and 
e-chloroamyl sulphides at 80° are 0-064 and 0-00084, respectively 
(time in minutes), and the temperature coefficient for 10° is in each 
case 2-56. The five-membered ring is thus formed 76 times as fast 
as the six-membered. It is of interest to notice that this ratio is 
almost identical with that (70 : 1) found by Freundlich and Krestov- 
nikov (Z. physikal. Chem., 1911, '76, 79) for the ratio of the velocities 
of formation of the five- and six-membered heterocyclic rings from 
8-chlorobutylamine and e-chloroamylamine in presence of alkali. 
The velocities for these nitrogen compounds, observed at 25°, were 
greater than those for the chloro-sulphides at 80°, but in view of the 
identical temperature coefficients in the latter case (and the approx- 
imately equal coefficients in the former) the comparison is a valid one 
and the closeness of the two figures for the ratio of speeds of formation 
of a five- and a six-membered ring must be more than a coincidence. 

In accordance with modern views the relatively slow formation of 
the six-membered ring is not to be regarded as confirming the 
presence of a strain in such a ring, for any strain is no doubt elimin- 
ated by suitable distortions of the molecule. The ratio of velocities 
of 76 : 1 is rather an indication of the relative frequency with which 
the terminal atoms (sulphur and carbon) of a five or a six atom 
chain approach close enough for reaction in the course of normal 
molecular contortions involving little or no strain. It would appear 
at first sight that different reactivities of the chlorine atoms situated 
in the 8- and e-positions might also be involved in producing the 
difference under discussion. Any such difference of reactivity of the 
halogen is, however, according to our view, due almost entirely to the 
influence of a sulphur atom adjacent in space. Such an effect can 
only be appreciable at certain moments when the relative position 
of the atoms is favourable. The relative degree of such an influence 
through space may therefore be regarded as determined by the 
statistical steric factor above discussed and need not be considered 
separately. 

Experiments on the comparative reactivities of the chlorine atoms 
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of these 8- and e-chloro-sulphides with respect to the hydrolytic or 
potassium iodide reactions are not practicable owing to the trans- 
formation which these sulphides undergo spontaneously. Evidence 
as to the relative reactivities of the corresponding hydroxy-sulphides 
will, however, be submitted in a subsequent communication. 


EXPERIMENTAL. 


Preparation of Phenyl 8-Chlorobutyl and e-Chloroamyl Sulphides.— 
The corresponding hydroxy-sulphide, mixed with dimethylaniline 
(2 mols.) and thionyl chloride (2 mols.) in chloroform, was kept for 
2 hours and then heated for 20 minutes on the steam-bath. The 
chloroform solution was washed thrice with concentrated hydro- 
chlorie acid and twice with water, dried over calcium chloride, 
filtered, and evaporated. The crude chloro-sulphide was then 
distilled under reduced pressure. 

Phenyl 8-chlorobutyl sulphide is a yellow oil, b. p. 155°/12 mm., 
159°/14 mm. (Found: Cl, 17-3. Cy 9H,,CIS requires Cl, 17-7%). 
The following physical constants were determined: dj (vac.) 
11269; n®° 1-56321, n¥" 1-56828, n° 1-58188; whence [R;]o 57:86 
(57-17), [Rz]p 58-28 (57-62), and [R;]p 59-42 (58-52). 

Phenyl e-chloroamyl sulphide is a deep yellow oil which distils with 
slight decomposition at 174°/14 mm., but undecomposed at 140°/ 
1mm. (Found: Cl, 16-3. C,,H;,CIS requires Cl, 165%). It has 
@ (vac.) 1:1065; mn” 1-55545, n8* 1-56040, n#" 1-57328; whence 
[Rz\c 62-32 (61-77), [Rz]p 62-78 (62-24), and [R;], 63-96 (63-19). 

Similar determinations of molecular refraction were made with the 
two lower homologues for comparison: Phenyl 6-chloroethyl 
sulphide, b. p. 117°/12 mm., d2* (vac.) 1-1799, n%° 1-57813, nz 
158369, n#” 1-59842; whence [Rz]¢ 48-57 (47-97), [Rz]p 48-95 (48-38), 
and [Ry]p 49-95 (49-18). Phenyl y-chloropropyl sulphide, b. p. 
142°/15 mm., d?” (vac.) 1-1529, n2” 1-56953, n®” 1-57483, nz” 1-58881 ; 
whence [Rz]e 53°08 (52-57), [Rz]p 53-49 (53-00), and [Rz]» 
54:55 (53-85). The figures in brackets are values of molecular 
refractivities calculated from the usual constants. The values 
determined are throughout high by about 0-3—0-8. Some exalt- 
ation may be due to the proximity of the sulphur atom to the nucleus, 
no sulphide of the type Ar-S—R having been included in the survey 
by Price and Twiss (J., 1912, 104, 1259) on which the constants 
for sulphur are based. If the 8-chlorosulphide be taken as a standard, 
the remaining data show satisfactory agreement. 

Conversion of the Phenyl 8-Chlorobutyl and e-Chloroamyl Sulphides 
into Cyclic Sulphonium Salts——When a solution of phenyl 8-chloro- 
butyl sulphide in 50° aqueous acetone was heated at 80°, titration 
With standard alkali and with silver (Volhard) showed no develop- 
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ment of acidity, but a steadily increasing chlorion concentration, 
The nature of the change is shown by the measurements of the 
velocity of the reaction recorded below, but independent and direct 
proof was obtained of the formation of a sulphonium salt as follows. 
A portion of the solution in aqueous acetone, heated at 80° in a sealed 
tube for several hours, was evaporated on the steam-bath to remove 
acetone, cooled, and extracted with ether to remove any unchanged 
oil. The solution now gave precipitates with silver nitrate, sodium 
picrate, and chloroplatinic and chloroauric acids, of which the last 
two were isolated and analysed. 
Phenyltetramethylenesulphonium chloroplatinate, 


Phone PH] icy, 
LPhS<cH Om | 


forms a yellow precipitate insoluble in water (Found: Pt, 25:9. 
CopH,,Cl,S,Pt requires Pt, 26-4%). For comparison, chloro. 
platinic acid was added to the original chloro-sulphide in acetone; 
a red oil separated which could not be induced to crystallise. The 
corresponding chloroaurate, (Ph‘S<C,H,)AuCl,, formed a brown- 
yellow precipitate sparingly soluble.in water but readily soluble in 
acetone (Found: Au, 38-8. ©, 9H,,Cl,SAu requires Au, 39-1%). 

Similar observations were made with phenyl] e-chloroamyi sulphide, 
which is converted by heating in aqueous acetone into phenylpenta- 
methylenesulphonium chloride. The chloroplatinate was obtained 
as a yellow precipitate insoluble in water (Found: Pt, 25-4. 
CopHy C1, 8,Pt requires Pt, 25-5%), and the chloroaurate as a dark 
yellow precipitate insoluble in water but soluble in acetone, from 
which it was recrystallised (Found: Au, 37-8. C,,H,,Cl,SAu 
requires Au, 38-1%). 

Aliphatic 8- and e-Chloro-sulphides.—8-Hydroxybutyl ethyl] sul- 
phide, after having been mixed with thionyl chloride and dimethyl- 
aniline, and the product worked up in the usual manner, yielded an 
oil which decomposed on distillation under diminished pressure. The 
liquid of b. p. 97—104°/20 mm. (decomp.) contained the required 
chloro-sulphide (Found: Cl, 17-2, 17-6. C,H,,CIS requires Cl, 
23-2%). It was of a deep yellow colour, had the characteristic 
odour of chloro-sulphides, and, when kept, deposited crystals of the 
sulphonium chloride described below. Loss of ethyl chloride from a 
eyclic sulphonium salt in the distillation would account for the 
uncertain boiling point and the low chlorine content. The low yield 
(10—15%) also pointed to loss of material either by dissociation or 
by dissolution in the water used for washing. 

The preparation was repeated, the reagents being mixed drop by 
drop at 40—50° and then poured at once into dilute hydrochloric 
acid. The chloroform layer was quickly separated, washed twice 
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with small amounts of dilute hydrochloric acid and once with water, 
and dried over sodium sulphate and the solvent was evaporated in a 
current of air under diminished pressure. The dark yellow oil 
(yield, 50%) usually set to a sludge of crystals at the end of the 
evaporation, This product already consisted largely of the cyclic 
sulphonium salt (Found in the crude oil: Cl, 16-1%). The solid 
tetramethylene-ethylsulphonium chloride was not obtained pure in 
quantity, but a little, drained on porous earthenware, formed pale 
yellow crystals, m. p. 130—135°. It is soluble in water and in 
chloroform but sparingly soluble in ether. The aqueous solution 
gave a copious precipitate with silver nitrate. This solution was 
obtained in quantity wo" the crude chloro-sulphide and from it the 


chloroplatinate, | Et- acta et PtCl,, was obtained as a yellow 


crystalline precipitate (Found : : Pt, 30-2. C,.Ho.Cl,S,Pt requires 
Pt, 30-4%). 

Titrations of the ionic chlorine in an aqueous-acetone solution of 
the crude “ chloro-sulphide ” above described showed that its high 
content of chlorion did not increase when the solution was heated 
to 80°. 8-Chlorobutyl ethyl sulphide therefore suffers ring-closure 
very rapidly at laboratory temperature. It may be supposed, 
however, that when it is heated the sulphonium salt dissociates in 
the two possible ways, so that part loses ethyl chloride and part distils 
as the open-chain chloro-sulphide. 

By the action of thionyl chloride in the usual manner e-hydroxy- 
amy] methyl] sulphide was converted into e-chloroamyl methyl sulphide. 
(yield, 75%), an almost colourless oil of characteristic chloro- 
sulphide odour, b. p. 94°/15 mm. (Found : Cl, 23-3, 23-5. CgH,,CIS 
requires Cl, 23:2%). The density and refractive index were deter- 
mined on a freshly prepared specimen : d*" (vac.) 1-0300, nit’ 1-48597, 
whence [R;]p 42-53 (cale., 42-74). 

This substance undergoes ring closure when heated in aqueous- 
acetone solution to give pentamethylenemethylsulphonium chloride, 


of which the chloroplatinate, [ Mes<o CHE >CH |, PtCl,, was 


isolated as an orange-coloured crystalline precipitate insoluble in 
water (Found: Pt, 30-8. C,,H,,Cl,S,Pt requires Pt, 30-4%). 

y-Chlorodipropyl sulphide was prepared for comparison by the 
same method from the corresponding hydroxy-sulphide. It is a 
colourless oil of unpleasant odour, b. p. 87°/16 mm. (yield, 85%) 
(Found : Cl, 23-3. C,H,,CIS requires Gi, 23:2%). It has d? (vac.) 
10267 and n®" 1-47779, whence [Rz]o = 42-07 vat 42-41). When 
heated in aqueous acetone at 150°, this chloro-sulphide is slowly 
hydrolysed with liberation of hydrochloric acid. 
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Kinetics of the Formation of Cyclic Sulphonium Salts from 8- and 
e-Chloro-sulphides.—The formation of the sulphonium salts from 
phenyl 8-chlorobutyl and ¢-chloroamyl] sulphides and e-chloroamy| 
methyl sulphide was followed by titration, the Volhard method with 
N/100-solutions being used. The chloro-sulphide was dissolved to a 
determined concentration in 50% aqueous acetone and sealed up in 
a number of glass tubes. These were heated at the required temper- 
ature by complete immersion in a vigorously stirred thermostatic 
bath (controlled to less than 0-1°; thermometer recently stand- 
ardised) and removed at suitable intervals, and the contents titrated. 
The coefficient has been calculated from the formula 

k = 1/(t, — t,). log(6 — x,)/(6 — 2), 
where 6 represents the amount of substance which has reacted 
at equilibrium and 2, and x, are the amounts converted at times /, 
and ¢,, measured in minutes. The value of 6 was found either by 
assuming the equality of two values of k or from the titration at 
t = o, the two methods giving results in good agreement. 


Phenyl 8-chlorobuty] sulphide in 50°, acetone—water at 70-0°. 
t C.c. t C.c. 
(mins.). N/100-AgNO,. k. (mins.). __N/100-AgNOs. k. 
15 7-03 — 75 20-00 0-0236 
30 12-45 0-0254 90 21-51 0:0249 


45 16-18 0°0255 i) 24°15 — 
60 18-11 0-0232 Mean 0-0245 


The complete results obtained with three chloro-sulphides are 
given in the following table. 


k x 104 k x 10‘ 6 (expressed as 
Sulphide. Temp. (limits). (mean). % converted). 
Phenyl 8-chlorobuty] 70° 232— 255 245 96-6 
80 610— 670 630 93-6 
80 590— 710 650 93-6 
90 1250—1880 1610 93-2 
Phenyl e-chloroamyl] 80 7-55— 9-70 8-3 100* 
80 7-50—10-4 8-5 100* 
90 19-9 —22-0 21-5 100* 
Methyl e-chloroamy] 80 153—164 160 —— 
* By extrapolation only. 


Temperature coefficient of k per 10° for phenyl 8-chlorobutyl 
sulphide : 70—80°, 2-61; 80—90°, 2-52; mean, 2-56: for phenyl 
e-chloroamyl sulphide, 80—90°, 2-56. 
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CCCXLIV.—The Action of Sulphur Monochloride on 
Antimony Pentachloride. 


By James Rippick PARTINGTON. 


A compounD of sulphur tetrachloride and antimony pentachloride 
was first described by Rose (Pogg. Ann., 1837, 42, 517). He stated 
that chlorine had no appreciable action on antimony trisulphide in 
the cold, but on heating in one place reaction began and finally a 
nearly white amorphous powder remained. This was dissolved in 
dilute nitric acid, oxides of nitrogen being evolved, and antimony 
was precipitated as sulphide, which was reduced to metal in hydrogen 
and weighed. Hydrogen sulphide was removed from the filtrate 
by copper nitrate, and chlorine precipitated with silver nitrate. 
In the filtrate from the silver chloride, sulphate was precipitated 
as the barium salt. From this complete analysis of the substance, 
Rose found Sb, 25-67; 8S, 7-63; Cl, 66-70%. Apparently Rose 
assumed the substance to be formed according to the equation 
Sb,S, + 11Cl, = 2S8bC1;,3SCl,, and as this formula would require 
Sb, 21:75; 8S, 8-59; Cl, 69-66%, he assumed that his material 
contained some antimony trichloride. 

Ruff and Fischer (Ber., 1904, 37, 4513) obtained a compound of 
antimony pentachloride and sulphur tetrachloride by adding 
chlorinated sulphur monochloride, containing 68-99, of chlorine, 
to a solution of antimony pentachloride in sulphuryl chloride. 
The substance separated in “fine needles.” It was decomposed . 
in a current of moist air, sulphur separating. The apparatus was 
then washed out with fuming nitric acid, and the liquid warmed. 
From one specimen the chlorine was precipitated as silver chloride, 
and from another, the antimony as sulphide: the sulphur was 
not estimated. Their results (corrected for the new atomic weight 
of antimony) were: Cl, 67-76; Sb, 26-96; S (by diff.), 5-28%. 
SbCl1;,SCl, requires Sb, 25-74; 8S, 6-78; Cl, 67-48%, and they 
adopt this formula, stating it to be “also derselben die schon 
Rose gefunden hat,” whereas Rose’s formula was 2S8bC1,,35C\,. 

Ruff and Fischer state that the substance melts at 125—126° 
in a sealed tube in an atmosphere of chlorine to a yellow liquid, 
but their statement is confused, since they proceed to explain 
that the solid begins to sublime at 150°, and “ der Schmelzpunkt 
bezieht sich auf die sublimierte Substanz.” It is shown in the 
present communication that the substance actually is SbC1;,SCl,, 
and that it melts at about 157° and does not sublime unchanged. 

Since the existence of the compound SbC1,;,SCl, has sometimes 
been regarded as evidence of the existence of SCl, in the separate 
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state, it seemed desirable to examine the action of antimony penta- 
chloride on sulphur monochloride. The confirmation of the exist- 
ence of such a compound as SbC1,,SCl, was also of some import- 
ance, since it seems difficult to represent the structure of such a 
molecule on any formulation not involving links of single electrons. 
Such anomalies and apparent exceptions to the theory that co- 
ordination is due to the donation of a pair of electrons by one atom 
to form a covalent bond, are, however, by no means uncommon, 
as the following examples show : 


(I.) SbCI,,6NH, * | Sb ee ia 4 H,0¢ ar) 
4 


It.) | sb rele + 3H,0¢ 


* Ephraim, “‘ Inorganic Chemistry,’’ English edtn., p. 650. 
+ Weinland and Schmidt, Z. anorg. Chem., 1905, 44, 37. 
t Marignac, Annalen, 1868, 145, 237. 


That it is the antimony which is functioning as the centre of 
co-ordination in these compounds seems probable, and if further 
evidence is required it might be supplied by the existence of such 
compounds as the following, some of which are very stable: 
SbC1,;,HCN; SbCI;,PC];; SbCl;,POCI,; SbCl;,NO; SbC1;,2ICI; 
SbC1,,31C1; HSbCl, and its salts; SbCl,;,(C,H;),0. 

If we leave out of account the two compounds containing iodine 
chloride and the compound SbC1;,6NH, (which, it is just possible, 
may be SbC1,,4NH, + 2NH,Cl), it is seen that, in all the substances 
quoted in which quinquevalent antimony functions as a centre of 
co-ordination, it does so with a co-ordination number of 6, and 
also that it does not seem easy to represent these compounds as 
formed by the donation of pairs of electrons to complete the external 
electronic structure of antimony to the xenon formation unless it is 
assumed that some chlorine atoms are held by single-electron 
linkages. 

The compound SbCI,;,SCl, may, for example, be represented by 
the formula (IV) with the notation used by Sugden (J., 1927, 
1173), but this formula seems very artificial. A more satisfactory 
formula might, no doubt, be devised. If the compound is assumed 
to be a salt, which is just possible from the conductivity measure- 
ments, we might represent it as (V), in which sulphur is the centre 


ry) (Cl=).Sb*(—Cl’), EE ay van 
ey C=86(—CP), cS iq °| Cl 


of co-ordination with a co-ordination number of 4. In this case 
the antimony is surrounded by twelve electrons. The cubic form 
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of the crystals would then lead us to suspect, from the Buys—Ballot 
law, that the ion in square brackets packs, as a tetrahedral unit, 
into a cubic lattice (compare Pauling, J. Amer. Chem. Soc., 1929, 
51, 1010, 2868). 

It is suggested that the compound SbC1;,SCl, should be repre- 
sented (without regard to possible electron arrangements) as a 
saturated co-ordination nucleus, | sb am - in which SCI, occupies 

4 
oe co-ordination position. Werner (‘‘ Neuere Anschauungen,” 
1909, p. 77) explains its structure differently, representing it as 


(1,S[SbCl,]. It is assumed that in compounds such as SCI, the 
halogen atoms are held by progressively weakening affinities, so 
that “in the limiting compounds one atom of halogen has the 
capacity of exercising a supplementary valency.” He refers to 
the compound as “ salt-like ” and compares it with the compound 
of triphenylmethyl chloride, (C,H;),CC1LSnCl,. ‘‘ The affinity of 
the carbinol carbon is so strongly taken up by the three phenyl 
groups that only a smaller share of affinity is at the disposal of the 
fourth valency. In consequence, the atoms linked to this valency 
remain unsaturated and are capable of forming addition com- 
pounds . . . the atomic compounds expressed by simple valency 
bonds can have different affinity values according to the particular 
compounds.” The results of the experiments now communicated 
suggest, however, that SbC1,,SCl, has no salt-like properties and is 
probably a typical non-polar compound with an uncharged nucleus. 


EXPERIMENTAL. 


When antimony pentachloride is mixed with sulphur mono- 
chloride, there is a considerable evolution of heat and the mixture 
forms a pale yellow paste: 5 c.c. of each liquid were taken and 
the pasty product was dissolved in 40 c.c. of sulphuryl chloride 
in a stoppered bottle. The bottle containing the dark yellowish- 
brown liquid was kept in a desiccator containing phosphoric oxide 
for a week. Crystals separated on the side of the bottle in con- 
siderable amount. They were clear amber-yellow cubes or cubes 
with octahedral facets, 2—3 mm. long, and exhibiting a play of 
colours in light. The strongly fuming liquid was rapidly poured 
off, and the crystals were washed with a little sulphuryl chloride. 
The bottle was then fitted with a cork carrying two tubes, through 
one of which a slow current of air (dried by passing over phosphoric 
oxide) was passed, the bottle at the same time being placed in 
water at 50°. The crystals fell quite dry to the bottom of the 
bottle, the sides of which remained perfectly clear. The stopper 
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was then inserted and the substance could be kept indefinitely. 
On exposure to air it fumed strongly and rapidly liquefied, sulphur ff 
separating. 

A small quantity of the substance was quickly transferred to a 
previously weighed, stoppered weighing bottle, which was again 
weighed. The whole of the substance in this bottle was quickly 
dissolved in dilute nitric acid, nitrous fumes being evolved, and a 
clear solution was obtained, as Rose states. This solution, how- 
ever, rapidly deposited a white powder, which could be dissolved 
by warming with a little tartaric acid. The clear solution was 
made up to a known volume and aliquot portions were taken for 
analysis. Chlorine was weighed as silver chloride, sulphur as 
barium sulphate, and antimony as trisulphide (Clowes and Coleman, 
“ Quantitative Analysis,” 12th edit., 1924, p. 116). The results 
[Found: Sb, (a) 24-81, (6) 26-23; Cl, (a) 66-32, (b) 66-25; §, 


(a) 6-98, (6) 694%] lead to the formula SbCI1;,SCl,, and thei 


substance is no doubt formed by the reaction 5SbCl; + 8,Cl, = 
2(SbC1,;,SCl,) + 38bCl,. No conclusion as to the possible exist- 
ence of SCl, may therefore be drawn from the existence of this 
compound, since it is readily formed from §,C\l,. 

The physical properties of the substance differed considerably fF 
from those described by Ruff and Fischer. The “ white needles” 
they mention are probably the white powder which first separates. 
The melting point also differed: at 125° the crystals, in a loosely §. 
corked tube, were quite unchanged in appearance and did not alter 
until the temperature reached 157°, whereat they softened with 
decomposition, fusion being complete at 163° with considerable 
decomposition. 

The crystals were insoluble in carbon disulphide, and were 
scarcely attacked by concentrated sulphuric acid, in which they 
remained with a very slight evolution of gas, until the temperature 
reached 110°, whereupon they disappeared, fumes of hydrogen 
chloride being evolved. In dry benzene the crystals at once 
liquefied, hydrogen chloride being evolved, and the dark greenish- 
black liquid first formed slowly became clear yellow when the 
action ceased. The lower yellow layer when separated from the 
benzene slowly turned very viscous. It contained carbon, chlorine, 
and sulphur, but was not further investigated. The only solvent 
found for the compound SbC1,,SCl, was sulphuryl chloride, which 
dissolved it sparingly to form a pale yellow liquid. The specific 
conductivity of the specimen of sulphuryl chloride used was 3-02 
10* ohm at 25°, and that of the saturated solution at the same 
temperature 7-05 x 10° ohm: Walden (Abegg’s “ Handbuch,” 
IV, i, 1, p. 313) gives 0-3 x 10-7 ohm for very pure sulphury! 





ARSENIC TRICHLORIDE AND SULPHUR CHLORIDE. 2577 


chloride. Although sulphuryl chloride is a weak ionising solvent, 
- Mthe figures just given seem to show that the compound SbCI,,SCI, 
has no salt-like properties and is non-polar. 


East LONDON COLLEGE, 
University or LONDON. [Received, September 12th, 1929.] 


-ACCCXLV.—Arsenic Trichloride and Sulphur Chloride. 


By James Rippick PaRTINGTON. 





By the action of chlorine on arsenic trisulphide, Rose (Pogg. Ann., 
1837, 42, 517) obtained a brown liquid in which the chlorine and 
sulphur were determined by precipitation as silver chloride and 
sfbarium sulphate, respectively, from the solution in dilute nitric 
acid, the arsenic being obtained by difference. The results (As, 
22-92; S, 13-98; Cl, 63-10%) were regarded as leading to the 
formula 2AsCl,,3SCl,, although this seems to have been deduced 


ist- girom the method of preparation, thus, As,S, + 6Cl, = 2AsCl,,3SCl,. 


Rose states that he was unable to prepare the substance SCI, itself 
by the method described by Dumas (Ann. Chim. Phys., 1825, 49, 


y 204), but the supposed compound obtained by Rose has been 


quoted (e.g., Roscoe and Schorlemmer, “ A Treatise on Chemistry,” 
_BYol. 1, 1905, p. 396) as evidence of the existence of sulphur dichloride. 
»@ Another supposed additive compound of sulphur dichloride, viz., 
+ [that with ethylene (Guthrie, Annalen, 1859, 113, 266), has been 
shown (Gibson and Pope, J., 1920, 117, 271) to be quite a different 
substance, viz., B8-di¢hlorodiethyl sulphide, (CH,Cl-CH,),S, and the 
substance formed with amylene, C;H,,,SCl,, probably has a similar 
composition, although it was described by Guthrie (loc. cit.) as an 
additive compound. 


EXPERIMENTAL. 


When arsenic chloride was mixed with chlorinated sulphur chloride 
in various proportions there was no evolution of heat, no solid 
separated, and the colours of the mixtures were intermediate be- 
tween those of the constituents. The same result was found with 
sulphur monochloride. In the first case, the product was still 
liquid at — 20° (AsCl, solidifies at — 18°), but partly solidified at 
— 50°, a little orange-red liquid being still present. The mass 
gradually liquefied with rise of temperature, the characteristic 
pearly crystals of arsenic chloride being clearly visible, until at — 28° 
all was liquid. The product appears to be merely a mixture of the 
two liquids. 

The arsenic chloride was prepared by a modification of the method 
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described by Oddo and Serra (Gazzetta, 1899, 29, ii, 355), who heated 
together arsenious oxide and sulphur chloride, in the proportion 
required for the reaction 2As,0, + 6S,Cl, = 4AsCl, + 380, + 98, 
under reflux and decanted the arsenic chloride from the separated 
sulphur. This reaction was found to proceed as described, with a 
good yield. It is more convenient, however, to prevent deposition 
of sulphur, which causes some loss of arsenic chloride in decant. 
ation, by modifying the process as follows. A larger proportion of 
arsenious oxide is used and a current of chlorine is passed through 
the mixture boiling under an effective reflux condenser, so that the 
separated sulphur is reconverted into chloride and afterwards 
eliminated as sulphur dioxide during the reaction, which may be 
summarised as follows: 4As,0, + 3S,Cl, + 9Cl, = 8AsCl, + 6S0,. 
If this proportion of arsenious oxide and sulphur chloride is taken 
initially, the reaction is rather violent and there is a tendency fora 
crust to form on the flask, leading to fracture. Two-thirds of the 
arsenious oxide are added first, and when the reaction has proceeded 
the further third is added, the current of chlorine being maintained. 
The whole of the sulphur disappears, and the arsenious oxide is 
converted into arsenic chloride, which may be distilled off directly 
and does not require purification. 


East Lonpon COLLEGE, 
University oF LONDON. [ Received, September 12th, 1929.] 





CCCXLVI.—Complez Bromides of Quinquevalent 
Molybdenum. 


By Freperick GEORGE ANGELL, ROBERT GILBERT JAMES, and 
WILLIAM WARDLAW. 


In previous communications it has been shown that one of the 
most satisfactory methods for the preparation of co-ordination 
compounds of molybdenum with valencies of 3, 4, or 5 is to utilise 
the important observation first made by Chilesotti (Z. Elektrochem., 
1906, 12, 173), that by electrolytic reduction of molybdenum tr- 
oxide dissolved in hydrochloric or sulphuric acid of appropriate 
concentration, a solution of quinquevalent molybdenum results if 
a platinised platinum cathode is employed; whereas with a cathode 
of polished platinum, reduction to the tervalent state is obtained. 

Therefore, one might anticipate that the best method for the 
preparation of salts of the type R,[MoOBr,] and R[MoOBr,] would 
be electrolytic reduction of a solution of molybdenum trioxide in 
hydrobromic acid employing a platinised platinum cathode, followed 
by the addition of the appropriate bromide to the resulting solution 
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of quinquevalent molybdenum. Reference to the literature dis- 
doses that this method has never been employed, but that owing 
to the use of inferior and untrustworthy methods, data relating to 
the colour of the complex salts and to their stabilities are conflicting. 

The complex bromides are important, in that they form one 
of the series of co-ordination compounds of the general formula 

[MoOX,]. The chlorides are green crystalline substances, stable 
when dry but undergoing hydrolysis and extensive ionisation in 
aqueous solution; by treatment with thiocyanic acid, they yield 
the black salts R,[MoO(CNS),], which are almost insoluble in water 
but readily soluble in alcohol. It is now shown that equally remark- 
able changes in colour and stability occur when bromine atoms are 
.B substituted for chlorine atoms. The pentabromides produced are 
brown to yellow hygroscopic salts, more sensitive to oxidation 
than the chlorides, and rapidly hydrolysed by water. Physico- 
chemical examination of solutions of the bromides shows that the 
scheme of ionisation and hydrolysis previously outlined (J., 1927, 2151) 
for the complex chlorides seems equally applicable to the bromides. 

The possibility that the chlorides and bromides are double salts 
2RX,MoOX;, rather than co-ordination compounds R,[MoOX;], 
has also been considered. The complex bromides (where R = 
C;H,N, CyH,N, or NH,) in absolute alcohol, like the chlorides 
[R = C,H,N, (C,H;).NH,], give an osmotic, factor of ca. 3. In 
all cases, the alcoholic solutions retain the characteristic colours 
of the salts themselves, but in aqueous solution quite different 
colours are obtained. This fact seems to indicate that in alcohol 
decomposition does not take place. If the substances are double 
salts of the type indicated above, the osmotic factor should be 
ca. 1; but if they are ionised co-ordination compounds of the 
formule R,{MoOX,] an osmotic factor of 3 should result. Although 
results in alcoholic solution require cautious interpretation (compare 
Turner, J., 1914, 1051751, 1777, 1786), the experimental data 
here obtained suggest that the co-ordination formule proposed are 
fully justified. 

It is interesting to note that whereas chlorides of the type 
R{MoOCI,] are green, like the pentachlorides, the corresponding 
tetrabromides R[MoOBr,] are red, quite unlike the pentabromides. 
In the case of the thiocyanates this type of complex is at present 
unknown, the only known class, apart from the pentathiocyanates, 
being the insoluble salts R,[Mo0,(CNS)s]. 


EXPERIMENTAL. 


Weinland and Knoll (Z. anorg. Chem., 1905, 44, 81) first pre- 
pared bromides of quinquevalent molybdenum by passing hydrogen 
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bromide over molybdic acid at 200—300°. The product was dis. 
solved, in hydrobromic acid (40%), and the dark brown liquid 
diluted, and warmed; it became dark yellow, and, it was claimed, 
contained molybdenum exclusively in the quinquevalent condition. 
Following the successful method of electrolytic reduction used for 
the preparation of the corresponding chlorides (J., 1927, 2146), 
molybdenum trioxide (50 g.) was refluxed with hydrobromic acid 
(300 c.c.; d 1-5) for about two hours until completely dissolved. 
Some reduction of the molybdenum occurred and the yellow solution 
obtained was utilised in the following preparations. 


Salts of the Type R,[MoOBr,]. 


In the literature the isolation of a number of pentabromides is 
recorded, and by use of the new electrolytic reduction method, the 
existence of salts R,[MoOBr,], where R = K, Rb, NH,, C;H,N, 
C,H,N, has been confirmed. On the other hand, it is doubtful 
whether the olive-green magnesium salt, Mg[MoOBr,],7H,O, prev- 
iously recorded is a pure substance: it seems highly probable that 
the green colour is due to oxidation; for in other cases the initially 
red salts rapidly become green on exposure to the atmosphere. 

In a number of cases it is possible to isolate either the penta- or 
the tetra-bromide. Weinland and Knoll demonstrated that the 
use of a high concentration of pyridinium or quinolinium bromide 
yields pentabromides R,[MoOBr,], whilst lower concentrations 
favour the formation of the tetrabromides R[MoOBr,]. Although 
this principle is applicable in the case of the salts mentioned above, 
and has been utilised in the preparations which follow, it is not of 
general application. Other factors, such as solubility in the hydro- 
bromic acid itself, appear to determine the type of salt formed in 
other cases. 

Diammonium Molybdenyl Pentabromide.—200 C.c. of the pre- 
pared molybdenum trioxide solution were Teduced electrolytically 
in a diaphragm cell with a platinised platinum cathode, 5 cm. 
square, and a polished platinum anode. The anode chamber con- 
tained a small amount of molybdenum trioxide solution mixed 
with hydrobromic acid (d 1-5), and a current of 2-5 amp. was | 
employed for about 50 minutes. Reduction to the quinquevalent 
condition was indicated when the cathode solution gave an emerald- 
green colour with concentrated hydrochloric acid. At this stage 
the reduced cathode solution was transferred in a current of nitrogen 
to an air-free flask (fitted with ground-glass joints) which con- 
tained ammonium bromide (11 g.), and was concentrated under 
diminished pressure to 50 c.c. The light brown crystals which 
separated were collected on a sintered-glass filter in a nitrogen 
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atmosphere, washed with hydrobromic acid (d 1-7), and allowed to 
drain. The crystals were dried in a vacuum over potassium hydr- 
oxide and phosphoric oxide. By the addition of ammonium 
bromide (3 g.) to the filtrate, a further crop of crystals was obtained 
on concentration to 30 c.c., giving a combined yield of 21 g. 

To exclude air during the preparation of the complex salts; the 
special precautions described above were taken throughout the 
experimental work, otherwise oxidised products resulted. 

Analysis. The molybdenum was precipitated as sulphide, 
ignited, and weighed as trioxide (J.; 1924, 125, 1911), the bromide 
in the filtrate and washings being estimated as silver bromide. 
The ammonia was determined by the distillation method, the 
ammoniacal distillate being titrated continuously against a standard 
acid and bromophenol-blue being used as indicator. To obtain 
satisfactory results, these complex bromides must be rapidly 
transferred from the vacuum desiccator (opened in a current of 
nitrogen) to a stoppered weighing bottle. To avoid loss of 
hydrogen bromide, the solid was rapidly dissolved in water made 
slightly ammoniacal {Found: Mo, 17:3; Br, 72-6; NH,, 6-4. 
Cale. for (NH,).[MoOBr,;]: Mo, 17-5; Br, 73-0; NH,, 6-6%}. 
In all probability a trace of moisture was present in this very 
hygroscopic salt. 

Dipotassium Molybdenyl Pentabromide——When 100 c.c. of the 
reduced molybdenum solution containing potassium bromide (5°5 g.) 
were concentrated to 40 c.c. under diminished pressure with the 
usual precautions, dark brown needles separated which were washed 
with hydrobromic acid (d 1-7) and dried in a vacuum over sodium 
hydroxide and phosphoric oxide. They proved to be a mixture 
of the required salt and potassium bromide, and the latter was 
removed by prolonged washing with hydrobromic acid (d 1-7). 
The complex bromide remaining was a pale yellow solid (Found : 
Mo, 15-2; Br, 63-5; K, 12-4. Calc. for K,{MoOBr;],2H,O0: Mo, 
15:3; Br, 63-9; K, 12-5%). The molybdenum content of the salt 
was unaltered after keeping in a vacuum desiccator for one week. 

Dirubidium Molybdenyl Pentabromide.—For the preparation of 
this salt 50 ¢.c. of the reduced molybdenum solution, to which 
rubidium bromide (2°75 g.) had been added, were concentrated to 
20 c.c. and the flask was cooled in ice. The yellow solid which separ- 
ated was freed from alkali bromide and dried as before (Found : 
Mo, 14:0; Br, 586; Rb, 25-1. Cale. for Rb,[MoOBr,}: Mo, 
14:1; Br, 58-6; Rb, 25-0%). The rubidium salt previously pre- 
pared by Weinland and Knoll (loc. cit.) varied in colour, some 
samples being red and others yellowish-green, and their analytical 
figures showed appreciable variations. 


°° 
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Dipyridinium Molybdenyl Pentabromide.—The preparation o 
this compound in a pure state is difficult, owing to the ease with 
which it reverts to the red tetrabromide, even in the presence of 
concentrated hydrobromic acid. It was isolated from the mother. 
liquor obtained in the preparation of the tetrabromide. On stand. 
ing over-night, there was deposited from this liquor a mass of 
yellowish-green crystals, which were filtered off in a nitrogen 
atmosphere and drained well without being washed. After drying 
in a vacuum over sodium hydroxide and phosphoric oxide, the 
product gave Br : Mo = 4-90: 1, indicating that a small amount 
of tetrabromide was present as impurity. The pure pentabromide 
was only isolated by carefully readjusting the proportion of pyridin- 
ium bromide to molybdenum. This was attained by dissolving 
the impure bromide (24 g.) in the smallest volume of boiling hydro. 
bromic acid (d 1-5), and finally adding 400 c.c. of a reduced solution 
of molybdenum trioxide (22-5 g.) in acid of the same concentration. 
From this solution, on boiling, yellowish-green needles separated, 
which were filtered off and drained well without being washed, and 
dried in a vacuum in the usual way (Found: Mo, 14:3; Br, 59-4; 
N, 4:2; C, 17-8; H, 2-1. Calc. for (C;H,N),[MoOBr,]: Mo, 14:3; 
Br, 59-5; N, 4:2; C, 17-9; H, 18%); they were rapidly oxidised 
to a green material on exposure to the air. Both Weinland and 
Knoll (loc. cit.) and Rosenheim and Koss (Z. anorg. Chem., 1906, 
49, 148) describe the preparation of a green pyridinium salt. The 
latter investigators consider their product to be the hydrated 
compound (C;H;N),[H,Mo(OH),Br;,2H,O}, but their analytical 
figures are unsatisfactory. Weinland and Knoll quote widely 
differing analytical figures for various samples of the pyridinium 
salt which they obtained as flat green needles. The difference in 
colour between the product now described and that of previous 
workers may be due either to the presence of water of crystallisation 
or to oxidation. ; 

Diquinolinium Molybdenyl Pentabromide.—150 C.c. of the solu- 
tion containing quinquevalent molybdenum were concentrated 
under reduced pressure to 80 c.c. This hot solution was added to 
a boiling solution of quinoline (40 g.) in 100 ¢.c. of hydrobromic 
acid (d 1-5). Golden-brown crystals separated which were thoroughly 
drained by suction and dried as previously described. The com- 
pound was fairly stable in the air {Found: Mo, 12-4; Br, 51-5; 
N, 3-6; C, 27-9; H, 2-1. Calc. for (C,H,N),[MoOBr;]: Mo, 12-4; 
Br, 51-8; N, 3-6; C, 28-0; H, 2-1%}. Weinland and Knoll (loc. 
cit.) first isolated this pentabromide in the form of olive-green 
needles, and their analyses indicated that the salt was a mono- 
hydrate. Rosenheim and Koss (loc. cit.), however, prepared the 





COMPLEX BROMIDES OF QUINQUEVALENT MOLYBDENUM. 2583 


bromide as reddish-brown needles, although the analytical figures 
were almost identical with those of Weinland and Knoll. It 
appears highly probable that the green colour was the result of 
- oxidation. 

Salis of the Type R[MoOBr,]. 

Although a number of salts of the type R{MoOBr,] have 
been isolated, only two examples of the corresponding chlorides 
ae known, viz., R{MoOCl,,H,O], where R= (CH;);NH and 
(CH;),N. The degree of hydration of the tetrabromides is vari- 
ously described. The existence of the red Li[MoOBr,,H,O],3H,O 
and the red C;H,N[MoOBr,] has been confirmed, and a red 
(,H,N[MoOBr,] has been isolated in the anhydrous condition. 
This salt in the hydrated condition is also described as red. The 
literature contains references to the existence of a red calcium 
salt Ca[MoOBr,],,7H,O, but numerous experiments have failed to 
give a product free from excess of calcium bromide. The exist- 
ence of so many red salts, in both the anhydrous and the hydrated 
condition, made it questionable whether the potassium salt 
K{MoOBr,],2H,O was correctly described as olive-green prisms. 
Many experiments indicated that a salt of this approximate com- 
position can be isolated, although it is difficult to separate it com- 
pletely from associated potassium bromide. In no case was an 
olive-green product obtained, but always a brown substance. The 
green colour reported in the case of the potassium salt is probably 
due to oxidation. 

Monolithium Molybdenyl Tetrabromide.—A solution of quinque- 
valent molybdenum (7-7 g.) containing lithium bromide (3-5 g.) 
was concentrated under diminished pressure to 35 c.c., the flask 
cooled in ice, and the separated solid washed with hydrobromic 
acid (d 1-7). After drying over sodium hydroxide and phosphoric 
oxide in a vacuum, a red, moderately hygroscopic substance 
resulted (Found: Mo, 18:9; Br, 62-5; Li, 1:4. Cale. for 
Li{MoOBr,,H,0],3H,O : Mo, 188; Br, 62-6; Li, 14%). 

Monopyridinium Molybdenyl Tetrabromide.—200 C.c. of a solu- 
tion of quinquevalent molybdenum (22 g.) in hydrobromic acid 
was concentrated to 50 c.c., and to the hot solution was added 
pyridine (35 g.) previously dissolved in a slight excess of hydro- 
bromic acid. The copious yellowish-green precipitate which separ- 
ated consisted of a mixture of the tetra- and the penta-bromide, 
the mother-liquor being utilised for the preparation of the latter. 
The precipitate was twice recrystallised from hydrobromic acid 
(d 1-5), washed with similar acid, and dried in a vacuum as usual. 
Red, somewhat hygroscopic needles resulted (Found: Mo, 18-7; 
Br, 62:4; N, 2-7; ©, 11-7; H, 1-2. Calc. for C;H,N[MoOBr,]: 
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Mo, 18-8; Br, 62-5; N, 2-7; C, 11-7; H,1-2%). This salt sublimes 
with decomposition. 

Monoquinolinium Molybdenyl Tetrabromide.—Quinoline (18 g. 
in a slight excess of boiling hydrobromic acid was added drop by 
drop with continuous stirring to a concentrated solution (80 c.c.) 
of quinquevalent molybdenum, obtained from 200 c.c. of the 
original solution. The orange needles which separated were washed 
with hydrobromic acid (d 1-5) and recrystallised from the same 
acid; on being dried in the usual way they changed from orange 
to bright pink, and were then very hygroscopic (Found: Mo, 17:1; 
Br, 56-9; N, 2-5; C, 19-1; H, 1-5. Cale. for C,H,N[MoOBr,|: 
Mo, 17-1; Br, 56-9; N, 2-5; C, 19-2; H, 14%). 


Physico-chemical Measurements. 


In a previous communication (J., 1927, 2149) it was shown that 
aqueous solutions of the complex chlorides R,{MoOCl,] varied in 
colour from brown to yellow and it was impossible from such 
solutions to obtain the original salt satisfactorily by recrystallis. 
ation. A similar observation applies to the complex bromides, 
for they also give similarly coloured acid solutions from which the 
original salt cannot be recovered satisfactorily. This behaviour, 
in the case of the chlorides, was attributed to progressive ionisation 
and hydrolysis giving rise to the following compounds in succession : 
R{MoOX,,H,O], [MoOX,,2H,0], [MoO(OH)X,,2H,0}, 

[MoO(OH),X,2H,O], [MoO,X,3H,O], [MoO,(OH),3H,0); 
whence, at infinite dilution, 


R,[MoOX,] + 5H,0 == [Mo0,(OH),3H,0] + 2RX + 3HX. 


The results of the molecular-weight determinations and molecular 
conductivities in air-free water gave strong support to the above 
hypothesis, whilst the isolation of intermediate substances further 
confirmed it. The physico-chemical measurements in the case of 
the bromides show a close analogy to those for the chlorides, and 
are therefore interpreted in a similar way. Moreover, by suitable 
adjustment of the composition of the solution of quinquevalent 
molybdenum, it has been possible to isolate a lithium derivative, 
Li{MoO,Br,,2H,0],4H,O, the existence of which accords with the 
above scheme. 

The extensive hydrolysis which takes place in aqueous solution 
can be obviated by employing anhydrous alcohol as a solvent in 
the case of certain of the complex chlorides and bromides. It 
may be noted that this solvent is not always suitable, for in the 
case of the dipyridinium molybdenyl pentachloride, a reaction 
occurs and the insoluble salt (C;H,N)[MoO,Cl,,2H,O] separates. 
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Again, in the case of such salts as K,[MoOX,], decomposition occurs 
with the separation of alkali halide. In suitable examples, how- 
ever, an osmotic factor of ca. 3 has been obtained in determinations 
of molecular weight by the ebullioscopic method. Such results 
strongly support the formulation of the salts as co-ordination 
compounds rather than as double salts. 

Molecular-weight Determinations—The molecular weight was 
determined by the depression of the freezing point of air-free water, 
and the results are appended in Table I. On the basis of the 
scheme outlined on p. 2584 the salt R,[MoOBr,;] should yield at 


TABLE I. 


Dipyridinium molybdenyl pentabromide (M, calc. = 671-7). 
98-8 46-6 27- 
10-0 9-2 
67-3 72-9 


77:5 
9-7 
79-9 


Diammonium molybdenyl pentabromide (M, cale. = 547-7). 
86-0 51-4 16-3 
10-4 9-4 9-0 
52-0 57:1 60-1 


Dipotassium molybdenyl pentabromide (M, calc. for 
dihydrate = 625-8). 
90-2 34:3 
9-9 9-3 
62-9 67-0 


Dirubidium molybdenyl pentabromide (M, calc. = 682-5). 
v = 42°8 + = 9-6 M; = 71-0 


Monopyridinium molybdenyl tetrabromide (M, calc. = 511-7). 
88°3 42-1 28-4 23° 

8-1 7-9 7-6 7: 

63-4 64-6 67-7 7: 


Monoquinolinium molybdenyl tetrabromide (M, cale. = 561-8 
65-4 63-5 38°5 27:3 
8-0 8-0 77 7-3 
70-4 70-4 73-1 77-2 


Monolithium molybdenyl tetrabromide (M, calc. for 
trihydrate = 510-7). 
80-0 


8-8 
57-9 
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infinite dilution, 2 metal (or ammonium), 3 hydrogen, and 5 bromine 
ions, giving an osmotic factor of 11; experimental data support 
this conclusion, the factor varying from 9 in the reddish-brown 
solutions to 10—11 in the pale yellow solutions obtained by further 
dilution. Similarly, the limiting value of the osmotic factor for 
aqueous solutions of the tetrabromides will be 9, for 1 metal (or 
ammonium), 3 hydrogen, and 4 bromine ions can be set free. 

Further evidence for these conclusions is forthcoming from the 
high values of the molecular conductivity of such solutions, measured 
at 0°, the results being summarised in Table II. 

In the tables, v is the dilution (in litres/g.-mol.), ¢ the osmotic 
factor, and VM; the apparent molecular weight. 


TABLE II. 
(C;H,N),[MoOBr;,]. 


76-2 152-4 304-9 
583-5 635-0 678-0 


(C,H,N)-{MoOBr,]. 


54-7 109-4 218-8 
565-6 596-0 624-8 


(NH,).[MoOBr,]. 


28°5 57-0 
598-8 613-0 


K,[MoOBr,],2H,0. 
39-4 78-9 
487-1 515-2 
C;H,N[MoOBr,]. 


49-4 98-9 
537-1 553-1 


C,H,N[MoOBr,}. 


59-1 118-3 236-6 473-3 946-6 
537-4 568-4 608-6 678-8 805-0 


On account of the catalytic effect of the platinised platinum 
electrodes in promoting oxidation to molybdenum blue, con- 
ductivities could not be determined for the solutions of the salts 
Rb,[MoOBr,] and Li{MoOBr,,H,0},3H,0. 

Molecular-weight Determinations in Alcoholic Solution.—McCoy’s 
modification of Beckmann’s original apparatus was used; the 
alcohol employed was refluxed and distilled twice over barium 
oxide and twice over metallic calcium. Table ITI summarises the 
results obtained, and the osmotic factors are seen to be of the 
orders expected for both the penta- and the tetra-bromides. 
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TaBie III. 


Dipyridinium molybdenyl pentabromide (M, calc. = 671-7). 
26-5 19-1 
3-08 3°14 
218 214 


Diquinolinium molybdenyl pentabromide (M, calc. = 771-8). 
19-5 16-8 16-1 
3-68 2-85 2-92 
210 271 264 


Diammonium molybdenyl pentabromide (M, calc. = 547-7). 
25-0 19-5 
4:16 4-12 
131 132 


Monopyridinium molybdenyl tetrabromide (M, calc. = 511-7). 
16-6 15-6 9-61 9-33 8-37 8-14 8-10 
2-67 2-68 2-23 2-24 2-08 2-11 2-07 

191 190 229 228 246 243 247 


Monoquinolinium molybdenyl tetrabromide (M, calc. = 5618). 
23-2 16-5 12-9 10-2 10-1 
2-38 2°35 2-19 2-19 
236 239 255 256 


The figures obtained for the corresponding chlorides are given 


for comparison : 


Diquinolinium molybdenyl pentachloride (M, calc. for 
monohydrate = 567-3). 


58-8 28-2 17-5 15-3 10-4 
2-69 2-69 2-25 2°24 2-26 
215 215 252 254 249 


Bisdiethylammonium molybdenyl pentachloride (M, cale. = 417-5). 
13-3 8-85 7-43 5-67 5-64 
2-88 2-88 — 2-63 2-74 

144 144 157 151 


Salts of the Type R[MoO,Br,,2H,O]. 

The isolation of such an intermediate substance would furnish 
valuable evidence in favour of the decomposition previously out- 
ined. Attempts to decompose quinolinium molybdenyl tetra- 
bromide in absolute alcohol by prolonged boiling gave, on cooling, 
products intermediate between R[MoOBr,] and R,{MoOBr;]. This 
ndicated that by prolonged boiling the equilibrium 


2R{MoOBr,]—=R,[MoOBr,] + MoOBr, 


was set up in alcohol. 
It may be noted that, just as in the case of the chlorides, the 
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complex bromides on boiling with oxalic acid and barium chloride 
in aqueous solution yield the insoluble oxalate, 
Ba[Mo0,C,0,,2H,0],,H,O. 

Lithium Molybdenyl Dioxydibromide.—This salt was isolated as 
a red solid, very hygroscopic and extremely sensitive to aerial 
oxidation. 100 C.c. of a solution of molybdenum trioxide (16-5 ¢.) 
in hydrobromic acid (d 1:5) were reduced electrolytically for 30 
minutes, lithium bromide (5 g.) was added, and the whole con. 
centrated under diminished pressure to 15 c.c. On prolonged 
cooling in ice, a solid separated which was washed with hydro. 
bromic acid (d 1-7) and dried in the usual way (Found: Mo, 23:6; 
Br, 39-4; Li, 1-6. Li{MoO,Br,,2H,0],4H,O requires Mo, 23:8; 
Br, 39-7; Li, 1-7%). 

Conclusion. 

In recent communications (J., 1927, 2145; 1928, 2726) it has 
been shown that all salts of the type R,[MoOX,] are unstable in 
aqueous solutions, the order of decreasing stability being X — CNS, 
Cl, Br. It has been suggested that the instability of the complex 
ion [MoOX,]"" may be due, amongst other factors, to the low 
effective atomic number of the molybdenum atom, which, as the 
oxygen is associated by means of a co-ordinate link, is seen to be 
49, appreciably less than the atomic number of the next inert gas. 
Although there appears to be no doubt that the relative stability 
of co-ordination compounds does bear some relationship to the 
total effective atomic number of the central atom and the inert- 
gas numbers, yet, except when there is a valency group of eight, 
this matter is still very obscure. Examples of complex salts may 
be quoted which show that even when the effective atomic number 
of the central atom has an excess or deficit of electrons when com- 
pared with the atomic number of the nearest inert gas, the com. 
pounds still display marked stability. This is seen, for example, 
in the case of the complex salts recently discussed by Mann (this 
vol., p. 651), and in the chromammines, where chromium has an 
effective atomic number of 33; yet the salts have a stability con- 
parable with that of the cobaltammines, in which cobalt has an 
effective atomic number of 36. It appears that, in addition to the 
effective atomic number of the central atom, the spatial configur- 
ation of the associated units and their nature are important factors 
influencing stability. In an interesting communication on “‘ Valence 
Variable ” to the Troisiéme Conseil de Chimie, Sidgwick has sug- 
gested (“ Rapports et Discussions sur des Questions d’Actualité,” 
1928, pp. 309 et seg.) that one must also consider (a) the size of the 
atomic core, (b) the size of the valency group, and (c) the influence of 
the latter on the stability of different cores (as in Co” versus Co”). 
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The behaviour of oxygen in different types of compound is a 
matter of some interest. The ease with which oxygen is removed b 
from bismuth and antimony oxychlorides by the action of acids 
is in marked contrast to the difficulty experienced in displacing 
this atom from salts of the type dealt with in this communication. 
In all probability this ease of replacement of the oxygen atom in 
the oxy-salts mentioned is connected with the fact that here the 
oxygen is united by a double non-polar bond, whereas in the molyb- 
denyl salts it is associated by a co-ordinate link. Although, in a 
general, such a link is a less stable type of union than an ordinary “a 
covalency, yet oxygen is an exception to this rule. The complex 2 
salts discussed in this paper illustrate this fact. The co-ordinate a 
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link between the oxygen and molybdenum atoms is unaffected even a 
. by the action of concentrated acid, although under these conditions q 
1 has the atoms bound by covalencies are readily reactive, as illustrated 4 
le in ) 






by the reversible reaction 





ONS, 
plex R,[MoOCl,] + 5HCNS == R,[MoO(CNS),] + 5HCL. / 
low An explanation of the fact that salts of the type R[MoOBr,] a 





are more hygroscopic than those of the type R,[MoOBr;,] is possibly he 
connected with the circumstance that in the former salts the oxygen ; 
occupies two positions. By association with water, however, the . 
oxygen can revert to its normal stable state, in which it is con- 
nected by means of a co-ordinate link and retains only one position 
in the co-ordination sphere. 
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CCCXLVII.—Mercury Compounds of Thiophen and 
Selenophen. 






By Henry Vincent Arrp Briscoz, JOHN BuTTERY PEEL, 
and GEoRGE Watson YOUNG. 





ALTHOUGH it has long been known that thiophen forms compounds i 
with mercuric salts, the composition of these compounds has not f 
been clearly established. Volhard (Annalen, 1892, 267, 172) showed 
that by shaking thiophen with aqueous mercuric chloride either 
one or two atoms of hydrogen in the thiophen nucleus could be 
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replaced by HgCl, and that the monochloromercuri-compound, 
C,H,S-HgCl, was soluble in hot alcohol, from which it could be re. 
crystallised, whereas the dichloromercuri-compound, C,H,S(Hg()),, 
was an insoluble powder which was only very slightly decomposed 
by boiling concentrated hydrochloric acid. 

By shaking thiophen with saturated mercuric acetate solution, 
later workers obtained derivatives of varying composition. Dim. 
roth (Ber., 1899, 32, 758) claimed to have prepared the compound 
C,H,S(Hg-OH)(Hg-O-CO-CH,) as a white insoluble powder, but 
Schwalbe (Ber., 1905, 38, 2208) suggested that the substance was a 
mixture. Paolini (Gazzetia, 1907, 37, i, 58) stated that the substance 
prepared by this reaction had the composition C,H,S(Hg*O-CO-CH,), 
and on treatment with aqueous sodium chloride gave the chloride, 
C,H,S(HgCl),, which in turn, on boiling with aqueous alkalis, yielded 
the corresponding hydroxide, C,H,S(Hg-OH),. 

It has been found by the present authors that the product obtained 
by shaking thiophen with a saturated solution of mercuric acetate 
is diacetorymercurithiophen, C,H,S(Hg-O-CO-CH,),, a white insoluble 
compound produced by a reaction similar to that shown by Volhard 
to occur between thiophen and mercuric chloride. When the di- 
acetoxymercuri-compound was boiled with concentrated aqueous 
sodium chloride solution, dichloromercurithiophen, C,H,S(HgC)),, 
was obtained, and quantitative experiments have shown that this 
reaction proceeds according to the equation C,H,S(Hg-O-CO-CH,), + 
2NaCl = C,H,S(HgCl), + 2NaO-CO-CH,. The product of the inter. 
action of thiophen with basic mercuric sulphate was dihydroxy. 
mercurithiophen mercurisulphate, C,H,S(Hg-OH),,HgSO,, a white 
insoluble powder identical in composition with the substance ob- 
tained by Spielmann and Schotz (J. Soc. Chem. Ind., 1919, 38, 1887), 
and this compound and diacetoxymercurithiophen, on_ boiling 
with aqueous potash, appeared to yield the same hydroxide, 
C,H,S(Hg-OH),. Similar reactions with selenophen proceed in 
a strictly similar manner, yielding analogous derivatives. 

Because of the small quantities of thiophen and selenophen 
available for this work, no attempt has been made to isolate the 
soluble mono-substituted derivatives of these compounds. 

The thiophen and selenophen compounds are moderately stable; 
they are, for example, only partly decomposed on boiling even with 
concentrated hydrochloric acid. In solution in sulphuric acid 
they give the indophenin colour reaction. It thus appears very 
probable that they are not addition compounds, as suggested by 
Paolini (loc. cit.), but are formed by replacement of two atoms of 
hydrogen in the thiophen or selenophen nucleus by the mercuric 
salt radical. 
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Steinkopf and Bauermeister (Annalen, 1914, 403, 50) have already 
shown that bromine reacts with dichloromercurithiophen to give 
di- and tetra-bromothiophen; and our attempts to prepare halogen 
derivatives of these compounds were unsuccessful, yielding always 
substitution products of thiophen and selenophen with separation of 
the free mercuric salt. 

Dihydroxymercurithiophen mercurisulphate, on treatment with 
bromine water, yielded tetrabromothiophen, and the corresponding 
selenophen compound similarly gave tetrabromoselenophen ; with 
iodine, the thiophen compound yielded a small quantity of tetraiodo- 
thiophen, m. p. 183—184° after recrystallisation from benzene 
(Paolini and Silbermann, Aiti R. Accad. Lincei, 1915, 24, ii, 206, 
give m. p. 198°). Di-iodoselenophen was obtained on treating di- 
hydroxymercuriselenophen mercurisulphate or diacetoxymercuri- 
selenophen with iodine. The reaction of chlorine water with these 
substances appeared to proceed differently, for neither tetrachloro- 
thiophen nor tetrachloroselenophen was obtained, and in the latter 
case the selenium was directly attacked with formation of selenium 
tetrachloride, for on boiling with sulphurous acid a precipitate of 
selenium was produced. 


EXPERIMENTAL. 

Diacetoxymercurithiophen, C,H,S(Hg-O-CO-CH,),.—Thiophen was 
shaken with a concentrated solution of mercuric acetate, prepared 
by addition of mercuric oxide (20 g.) to hot glacial acetic acid 
(200 c.c.), and the white solid formed was washed with water and 
dried at 100° (Found: C, 16-0; H, 1-4; S, 5-8. C,H,O,SHg, 
requires C, 16-0; H, 1-3; 8, 5-4%). 

Diacetoxymercurithiophen decomposed on heating. It was kept 
with excess of bromine water; the supernatant solution then gave 
the reactions for mercury and the yellow residue, when recrystal- 
lised from benzene, gave tetrabromothiophen as a white solid, 
m. p. 112° (Found: C, 12-1; Br, 80-0. Cale. for C,Br,S: C, 12-0; 
Br, 80-0%). 

Dichloromercurithiophen, C,H,S(HgCl),, obtained as a white 
insoluble powder by warming a concentrated aqueous sodium 
chloride solution with diacetoxymercurithiophen, was well washed 
with water and dried at 100°. It darkened on exposure to bright 
sunlight and decomposed on heating with formation of a white 
sublimate (Found: C, 9:3; H, 0-5. Cale. for C,H,CI,SHg,: C, 
8-7; H, 0-4%). 

Dihydroxymercurithiophen mercurisulphate, 

C,H,S(Hg-OH),,HgSO,, 
was prepared as a white insoluble powder by shaking thiophen with 
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aqueous mercuric sulphate (Denigés’s solution). It easily decom- 
posed on heating. The nature of this substance renders purification 
impossible and the analysis given is the mean of results obtained for 
several specimens (Found: C, 58; H, 0-5; 8, 8-3. C,H,0,8,Hg, 
requires C, 5-9; H, 0-5; S, 7:9%). On treatment with excess of 
iodine in potassium iodide solution at 80° for several hours, it gave 
tetraiodothiophen as a pale yellow solid of characteristic pleasant 
smell; this darkened rapidly on exposure to bright sunlight (Found : 
C, 8-4; I, 84-6; 8,56. Cale. for C,1,8: C, 82; 1, 86-4; S, 54%). 
That this reaction is complex and that small quantities of other 
iodo-derivatives of thiophen are also formed was shown by allowing 
a known weight of dihydroxymercurithiophen mercurisulphate to 
stand in contact with a known volume of standard iodine solution 
and titrating the excess of iodine with sodium thiosulphate solution. 
It was thus found that one molecule of the mercurisulphate reacts 
with 5 atoms of iodine. 

Diacetoxymercuriselenophen, C,H,Se(Hg-O-CO-CH;),, a cream- 
coloured, insoluble powder, was prepared by shaking selenophen 
with mercuric acetate solution prepared in the manner described 
above (Found: C, 15-2; H, 1-4. C,H,O,SeHg, requires C, 14:8; 
H, 1-2%). On long standing with bromine water, it gave tetra- 
bromoselenophen, but in so small a yield that it could not be com- 
pletely purified by recrystallisation from benzene and had m. p. 94° 
(Found: C, 10-9; Br, 71-7. Cale. for C,Br,Se: C, 10-7; Br, 
71-6%). With iodine in potassium iodide solution, the diacetoxy- 
mercuri-compound yielded a small amount of di-iodoselenophen, a 
pale yellow solid of characteristic pleasant smell, m. p. 45° after 
recrystallisation from benzene (Found: C, 12-4; H, 0:9; I, 68-5. 
C,H,1,Se requires C, 12-6; H,0-5; I, 66-3%). 

Dichloromercuriselenophen, CyH,Se(HgCl),, was obtained as a 
white powder by boiling the acetate with concentrated sodium 
chloride solution (Found: C, 8:7; H, 0-7. C,H,Cl,SeHg, requires 
C, 8-0; H, 0-3%). 

Dihydroxymercuriselenophen, C,H,Se(Hg-OH),, a dark grey, in- 
soluble powder which, like the corresponding thiophen compound, 
decomposed explosively on heating, was obtained on boiling the 
acetate or mercurisulphate with aqueous potassium hydroxide 
(Found : C, 8-4; H, 0-65. C,H,O,SeHg, requires C, 8-5; H, 0-7%). 

Dihydroxymercuriselenophen mercurisulphate, 

C,H,Se(Hg-OH),,HgSO,, 
was prepared as a white or cream-coloured powder by shaking 
selenophen with concentrated mercuric sulphate solution (Found : 
C, 66; H, 0-2. C,H,O,SSeHg, requires C, 56; H, 0-2%). It 
reacts generally in a very similar manner to diacetoxymercuri- 
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selenophen : on treatment with aqueous sodium chloride sclution, 
it gives the corresponding chloride; with bromine water, it gives 


70m - 







tion 

1 for @ tetrabromoselenophen ; and with iodine in aqueous potassium iodide, 
Hg, § * mixture of iodo-substitution products of selenophen is produced. 
is of 
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ee CCCXLVIII.—Researches on Ammines. Part III. ; 
sate Derivatives of Cupric Nitrite. . 
By Herspert JosepH Seymour Kina. if 
m- zi 
hen WHEN solutions of copper salts and nitrites are mixed, green solu- iq 
bed tions are obtained which probably contain normal cupric nitrite, 4 
8: a salt which has never been isolated in the solid state. As Péligot fe 
ra. (Compt. rend., 1861, 53, 209) claimed to have prepared solid cupric i 
=. nitrite by maintaining tetramminocupric nitrite for some days at 
94° 100°, the action of heat on this salt was reinvestigated. On heating Hl 
Br, at 85°, complete conversion into diamminocupric nitrite occurred a 
ry- in 2 hours with no loss of oxides of nitrogen. On continued heating q 
~ at 85° in a vacuum, gradual diminution in the weight of the diammine H 
low occurred, amounting in 14 hours to 9%. An ammonia estimation } 





showed that one-half of this loss was due to decomposition of the 
nitrite radicals. No analyses were recorded by Péligot, and his 
product was evidently a basic nitrite, still containing ammonia. 
When a mixture of equivalent solutions of potassium nitrite and 
copper sulphate is precipitated with alcohol, a deep green aqueous- 
alcoholic filtrate is obtained, from which, on removal of the alcohol 
by evaporation, van der Meulen’s basic nitrite separates (Ber., 
1879, 12, 758). When, however, the green solution was filtered 
into pyridine, aniline, or a solution of p-toluidine or $-naphthy]l- 
amine, no basic nitrite was obtained, the precipitate consisting of 
normal cupric nitrite stabilised by two molecular proportions of the 
base. These results support the view that the green solution 
contains normal cupric nitrite. It was not found possible by the 
action of heat, or by leaving them over sulphuric acid in a vacuum, 
to remove the stabilising base from any of these compounds and so 
obtain cupric nitrite. In the cases where the base was an aromatic 
—— ee occurred on warming. When dipyridinocupric 
s2 
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nitrite was heated in a vacuum at 85°, the diminution in weight 
after 12 hours amounted to 31%. A nitrite estimation showed a 
loss of 15%; therefore, on the assumption that this had been lost 
as nitrogen trioxide, 40°, of the total loss was due to decomposition 
of the nitrite radicals. Another sample of dipyridinocupric nitrite, 
after standing in a vacuum over sulphuric acid for 3 months, had 
diminished in weight by 2-5% : 36% of this loss was due to decom- 
position of the nitrite radicals. 

Copper is usually considered to have a principal co-ordination 
number of 4, and in accordance with this view, cupric diammines 
are frequently formulated as diamminodiacido-derivatives, 
[R,CuX,], where R is a molecule of ammonia, pyridine, etc., and 
X is a monobasic acid radical. In nearly all cases the diammines 
are insoluble in or decomposed by water, so that the correctness 
of this assumption cannot be tested. Of the compounds here 
described, dianilino-, di-p-toluidino-, and di-8-naphthylamino-cupric 
nitrites were insoluble in water, alcohol, and ether. Dipyridino- 
cupric nitrite, however, was sparingly but completely soluble in 
water, and this solution, when treated with a solution of sodium 
picrate, gave an immediate precipitate of anhydrous dipyridino- 
cupric picrate, in analytically pure condition. Similarly, sodium 
benzoate gave a precipitate of anhydrous dipyridinocupric benzoate. 
These results support for dipyridinocupric nitrite the formula 
[Cu(C;H;N),|(NO,), rather than [Cu(C;H;N),(NO,)]. 

An alternative possibility is that non-ionic [Cu(C;H;N),(NO,),| 
dissolves in water, forming diaquodipyridinocupric nitrite, and 
that both picrate and benzoate radicals expel the co-ordinated 
water from the complex : 

2NaxX 


[Cu(H,0),(C;H;N),(NO,), ““*5 [Cu(C;H;N),Xo]. 


These assumptions seem unlikely, and there is no experimental 
evidence that diaquodipyridinocupric nitrite exists, dipyridinocupric 
nitrite being obtained in the anhydrous form even when recrystallised 
from water. 

Although a number of compounds are known in which a copper 
atom with co-ordination number 5 forms the centre of a complex 
anion, complex kations in which the copper atom has this co-ordin- 
ation number are somewhat rare. To the small number on record 
must be added pentapyridinocupric picrate, which separated from a 
concentrated solution of dipyridinocupric picrate in pyridine. 

Since the compounds in which cupric nitrite is stabilised by two 
molecular proportions of a primary aromatic amine contain equi- 
valent proportions of amine and nitrite radical, it appeared likely 
that they would give improved yields in syntheses ordinarily 
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arried out by diazotisation. It was found that dianilino- and 
ji-p-toluidino-cupric nitrites dissolved readily in dilute acids without 
yticeable evolution of nitrous fumes, and that on steam distillation 
he phenols passed over, leaving no tar. From 30 g. of the two 
ompounds, 73% and 76% yields of redistilled phenol and p-cresol 
ere Obtained. The availability of these compounds in organic 
syntheses is being further investigated. 


EXPERIMENTAL, 


Tetramminocupric nitrite was obtained by Bassett and Durrant 
J., 1922, 121, 2635) by spontaneous evaporation of a solution of 
an der Meulen’s basic nitrite in concentrated aqueous ammonia. 
his method proved inconvenient, and the pure compound was 
readily obtained in quantity from dianilinocupric nitrite (see p. 2597). 
Slhis salt (30 g.) was triturated with a little ammoniacal alcohol, 
which converted it into a blue powder. More alcohol was added, and 
ammonia gas was passed into the suspension for 10 minutes. The 
blue product was collected, washed with ammoniacal alcohol and 
ether, and left in a vacuum over soda-lime (yield, 62%) (Found : 
NH;, 30-5. Cale.: NH,, 30-45%). 

When tetramminocupric nitrite was exposed to dry air, free 
from acid vapours, for 5 days, the deep violet diammine obtained 
by Bassett and Durrant (loc. cit.) remained [Found: NH,, 17-9. 
Cale. for Cu(NH;),(NO,).: NH,, 180%]. The diammine was 
quickly decomposed by water, giving a pale blue precipitate. 
After standing in a vacuum over sulphuric acid for 3 months, it 
had lost only 3-7°%, of its ammonia. 

The green aqueous-alcoholic solution containing cupric nitrite, 
used in preparing the stabilised cupric nitrites described below, was 
obtained by treating a cold saturated solution of copper sulphate 
with solid potassium nitrite (2 mols.), adding an equal volume of 
alcohol, and removing the copious precipitate of potassium sulphate 
and copper hydroxide. From the concentrated filtrate thus 
obtained, the basic nitrite was quickly deposited on standing, even 
at the ordinary temperature. (If considerably diluted with water, 
it remained clear indefinitely.) An analysis of a typical sample of 
the solution showed that it contained seven nitrite radicals in 
association with two copper atoms. 

Dipyridinocupric Nitrite—The green solution prepared as above 
from 30 g. of crystallised copper sulphate was filtered into 25 c.c. of 
pyridine; after 12 hours, 17 g. of greenish-black, large, monoclinic 
prisms had separated. The product was washed with a little 
alcohol and ether and left over-night in a vacuum over soda-lime. 
(Unless otherwise stated, the other compounds described below 
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were similarly treated before analysis.) The compound wa; 
sparingly but completely soluble in water and in alcohol, to deegi. 
green solutions. It dissolved readily in aqueous or liquid ammonia 
to a deep blue solution of tetramminocupric nitrite. It wa; 
practically insoluble in ether, but dissolved very readily in cold™l 
pyridine, giving a dark green solution from which, on spontaneous 
evaporation, it crystallised unchanged, m. p. 155° (decomp.) (Found 
Cu, 20-4; C;H;N, 50-6; NO,, 29-5. [Cu(C;H;N),.](NO,), requires 
Cu, 20-3; C;H;N, 50-4; NO,, 29-39%). Nitrite was estimated with 
permanganate, after the compound had been dissolved in aqueou 
ammonia and neutralised with sulphuric acid. The compound 
was recrystallised from water, containing a few drops of pyridine 
at 60°, and the air-dried product again proved to be anhydrougl, 
dipyridinocupric nitrite. 1 
Interaction of Dipyridinocupric Nitrite and Sodiwm Picrate.— 
The nitrite (1 g.), dissolved in 200 c.c. of water at room temperature; 
was added to a solution of 1-46 g. (2 mols.) of picric acid, converted 
into the sodium salt. An immediate precipitate of bright green, 
microscopic plates was obtained in 76% yield (Found: Cu, 9:5; 
N, 166; C;H;N, 23-3. [Cu(C;H;N).{C,H,O,N,}, requires Cu, 
9-4; N, 16-5; C;H;N, 233%). No diminution in weight occurred 


on heating for 3 hours at 100°. The compound was insoluble ing .. 
water, alcohol, and ether. Dipyridinocuprie picrate was readily—.., . 


obtained in quantity as follows. A solution of 5 g. of cupric chloride 
was treated with 20 g. of pyridine, and the deep blue suspension 
was shaken with 14-7 g. of picric acid (i.e., 10°% excess), converted 
into the ammonium salt, in 1300 c.c. of water. Dipyridinocupric 
picrate separated in 93%, yield (Found : Cu, 96%). 
Pentapyridinocupric picrate was obtained by dissolving the above 
salt in four parts of boiling pyridine. The filtered deep greenfl 
solution was left in a vacuum over concentrated sulphuric acid 
over-night; large, very deep green plates had then separated. 


The compound was washed with a little pyridine and dried in sf |... 


vacuum over soda-lime. It was quantitatively reconverted into 
dipyridinocupric picrate on being heated for 14 hours at 85° (Found: 
Cu, 6-9; [Cu(C;H;N),{C,H,O,N;},, 74-0. [Cu(C,;H;N),{C,H,O,N;); 
requires Cu, 6-95; [Cu(C;H;N).{C,H,O,N,}., 74:1%). 

Interaction of Dipyridinocupric Nitrite and Sodium Benzoate.—The 
nitrite (2 g.) was dissolved in 400 c.c. of water and added to an 
aqueous solution of 2-6 g. (24 mols.) of sodium benzoate, giving al, 
immediate precipitate (2-5 g.) of bright blue, microscopic needles, 
insoluble in water, alcohol, and ether (Found: Cu, 13-7; N, 5°; 
C,H,0,, 51-9. [Cu(C;H;N),KC,H,0,}, requires Cu, 13-7; N, 6:0; 
C,H,0,, 52-2%). 
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Dipyridinocupric benzoate was also obtained by treating anhydrous 
upric benzoate with pyridine, and recrystallising the blue product 
‘om boiling pyridine, so that, under ordinary conditions, cupric 
enzoate appears to be incapable of combining with more than two 
nolecular proportions of pyridine. 

Dianilinocupric Nitrite ——The green solution from 30 g. of copper 
ulphate was filtered into 34 g. of aniline (3 mols.). A voluminous 


res wecipitate (23-5 g.) of very thin, green plates was obtained [Found : 


u, 18-7; N, 16-2; NO,, 27-1. Cu(CyH,-NH,),(NO,), requires Cu, 
36; N, 16-4; NO,, 26-9%]. 

The compound was decomposed immediately by sodium hydroxide 
slution, with liberation of aniline and precipitation of copper 
Pydroxide. After boiling to remove aniline, the nitrite radical in the 
iltrate was estimated with permanganate. The compound deflagrated 
pn Warming, even at 85°, and also on treatment with liquid ammonia 
pt with cold concentrated sulphuric acid. No diminution in weight 
recurred on keeping for 3 months in a vacuum over sulphuric acid. 

Di-p-toluidinocupric Nitrite—The green solution from 30 g. of 
Mopper sulphate was filtered into 38-5 g. (3 mols.) of p-toluidine, 
lissolved in alcohol. An immediate moss-green precipitate (26 g.) 
pf thin microscopic plates was obtained, closely resembling the 
mniline derivative in colour and properties [Found : Cu, 17-1; N, 
“B51; NO,, 24:5. Cu(C,H,-NH,),(NO,), requires Cu, 17:2; N, 
15:15; NO,, 249%]. 

Di-8-naphthylaminocupric Nitrite——The ice-cooled green solution 
rom 10 g. of copper sulphate was filtered into an ice-cooled acetone 
olution containing 11-5 g. (2 mols.) of $-naphthylamine. The 
precipitate of greenish-brown microscopic plates was quickly 

ollected and washed with ether. It was insoluble in water and in 
ther, but somewhat soluble in acetone [Found: Cu, 14-6; N, 
126; NO,, 20-6. Cu(C,9H,-NH,),(NO,). requires Cu, 14-4;  N, 
‘2-7; NO,, 20°8%]. The compound was immediately decomposed by 
p little cold aqueous ammonia with separation of 8-naphthylamine. 
‘iitrite was estimated in the deep blue filtrate after acidification. 
‘if the solutions used were not cooled, or if the precipitate was not 
apidly collected, evolution of nitrogen occurred with formation of a 
ed tarry mass. When «-naphthylamine was used, rapid evolution 
of nitrogen occurred immediately the compound was precipitated. 

Copper in all the above compounds was estimated as the anhydrous 
sulphate, after decomposition by evaporation with dilute or con- 
entrated sulphuric acid. 


NORTHERN POLYTECHNIC, 


Lonpon, N.7, [Received, September 17th, 1929.] 
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CCCXLIX.—Cyanine Dyes from Quaternary Salts o 
Methyl-a- and -8-naphthathiazoles. 


By Frances Mary Hamer. 


THREE types of cyanine dyes derived from $-naphthaquinaldine have 
been described : (a) a carbocyanine with two 6-naphthaquinaldine 
nuclei (Mees and Gutekunst, J. Ind. Eng. Chem., 1922, 14, 1060), 
(6) a carbocyanine with one $-naphthaquinaldine nucleus and one 
quinaldine nucleus (Mills and Raper, J., 1925, 127, 2466), and 
(c) ¥-cyanines with one $-naphthaquinaldine and one quinoline 
nucleus (Hamer, J., 1928, 206). In the same way it should be 
possible to use methylnaphthathiazoles as the starting points for 
the preparation of cyanine dyes, which dyes would be expected to 
have their absorption bands shifted towards the red region of the 
spectrum as compared with those of the analogous cyanines derived 
from 1-methylbenzthiazole. 

Corresponding to 1-methylbenzthiazole (I), there are three 
possible methylnaphthathiazoles, two of which (II and III) ar 
dealt with here. 2-Methyl- 25 He sh (II) was first prepared 


e afte 


(I. ‘ (II.) (III.) 


by Jacobson (Ber., 1887, 20, 1897), and 1-methyl-«-naphtha- 
thiazole (III) by Jacobson and Siillwald (Ber., 1888, 21, 2624) and 
subsequently by Jacobson and Schwarz (Annalen, 1893, 277, 257 
Rupe and Schwarz (Z. Farb. Textilchem., 1904, 3, 397) also prepared 
(II) and (III) under the names »-methyl-«-naphthathiazole and 
u-methyl-8-naphthathiazole respectively. 

The constitution of the new cyanine dyes derived from naphtha- 
thiazoles is rendered explicit by referring to them as derivatives of 
benzthiazole, the same numbering being used as in (I). 

The methiodides, already described by Smith (J., 1923, 123, 
2288), and the ethiodides of the two methylnaphthathiazoles form 
the starting points for the present new dyes. It is an interesting 
point in connexion with the difference in the spatial surroundings 
of the nitrogen atom in (II) and (III), respectively, that (IIT) gives 
a better yield of methiodide, under the same conditions, than does 
(II). The point is more strikingly exemplified in the case of the 
ethiodides : with (III), the method of heating with ethyl iodide i 


- -_ -— a on oe oe et 6 2 ok 6a 





OF METHYL-«- AND -8-NAPHTHATHIAZOLES. 2599 


a sealed tube gave an 81% yield of ethiodide, after recrystallisation ; 
but the same method, after removal, by ether extraction, of unaltered 
base, gave less than 1% of the ethiodide of (II). This ethiodide was, 
however, prepared, although only in 31% yield, by the use of ethyl 
p-toluenesulphonate under suitable conditions. 

The general method previously described for the preparation of 
thio-y-cyanines (Hamer, Joc. cit.) has been extended to the pre- 
paration of such dyes containing one naphthathiazole and one 
quinoline nucleus. Thus by condensation of methyl-«- or -8-naphtha- 
thiazole methiodide or ethiodide with 2-iodoquinoline methiodide 
or ethiodide, it is possible to prepare eight different thio-y-cyanines 
of the general formule (IV) and (V). In writing their chemical 
names, the former convention (ibid., p. 208) of appending dashes to 


s 
S 
yw i C:CH 
CCH: 
IV. ‘ 3 
(IV.) SY xX. N vx © 
¥ R’ X 


the numerals in the quinoline nucleus has been followed. The four 
dyes of structure (V) were obtained in yields varying from 19% to 
26% after recrystallisation and were somewhat more soluble in 
methyl alcohol than those of structure (IV), which were obtained 
in yields varying from 27% to 32%. The absorption spectra, 
determined in spirit solution throughout this work, of all eight 
thio-4-cyanines are practically identical, the crest of the one absorp- 
tion band showing, as compared with that of the chief band of the 
parent thio-y-cyanines containing a benzthiazole instead of a 
naphthathiazole nucleus, a shift towards the red region of 150 A. 
Mr. O. F. Bloch has tested the dyes described in this paper for 
photographic sensitising properties by bathing gelatino-bromide 
plates in their solutions. He found that the eight thio-y-cyanines 
all impart sensitivity to the blue-green. In some cases the curve of 
normal sensitivity of the plate receives an almost uniform extension 
into the blue-green. Details are given in the experimental part 
of the paper, but it may be noted that in each case the sensitising 
maximum, as compared with the chief maximum of the thio- 
y-eyanines containing a benzthiazole nucleus, lies 100—200 A. 
nearer to the red. 

The general method for the preparation of carbocyanines (Hamer, 
J., 1927, 2796), consisting in the action of ethyl orthoformate, in the 
presence of pyridine, on quaternary salts containing reactive 
méthyl groups, was applied to the methiodide and ethiodide of 
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methyl-a-. and -f-naphthathiazoles. In this way four new thio- 


carbocyanines, two belonging to type (VI), and two belonging to 
type (VII), were prepared. The yields, after purification, of the 


Ss 
Ss S 
} C 
‘CH-CH:CH-C SNS 
\ | N 
Ny R 
) ee « 


(VI.) (VII.) 


thiocarbocyanines of type (VII) were less than those of the thio- 
carbocyanines of type (VI) (57% and 64% as compared with 78%, 
and 79%). The bromide corresponding to one of the new iodides 
was also prepared. The position of the chief absorption maximum 
is nearly the same for each of the new thiocarbocyanines, lying 
350—400 A. nearer to the red than the maximum of the principal 
absorption band of 2 : 2’-diethylthiocarbocyanine iodide. That the 
shift towards the red of the absorption bands would be greater for 
the new thiocarbocyanines than for the new thio-/-cyanines was, of 
course, to be expected, since in the former case two naphthathiazole 
nuclei have replaced two benzthiazole nuclei, whereas in the latter 
only one such replacement has occurred. The maxima of extra- 
sensitivity of the new thiocarbocyanines lie 500—600 A. nearer to 
the red than does that of 2 : 2’-diethylthiocarbocyanine iodide. It is 
a striking fact that the two of these thiocarbocyanines which are 
ethiodides sensitise powerfully, whereas the two methiodides show 
only a feeble sensitising action. Such a difference between the 
methiodide and the ethiodide is not infrequently observed with 
carbocyanines. For example, 1 : 1’-diethyl-2: 2’-carbocyanine 
iodide (pinacyanol) is one of the most powerful sensitisers known, 
but the corresponding methiodide is valueless. 

It might be supposed that, just as 1-methylbenzthiazole qua- 
ternary salts can be condensed with ethyl orthoacetate in the 
presence of pyridine (Hamer, J., 1928, 3160), forming thiocarbo- 
cyanines with the chain ‘-CH-CMe:CH-, so also this condensation 
would be applicable to methyl-«- and -8-naphthathiazole quaternary 
salts. The result of actually trying to effect the reaction is surpris- 
ing. For, whereas the condensation proceeds normally with the 
methiodide or ethiodide of 1-methyl-«-naphthathiazole, giving the 
two dyes of type (VIII), it completely fails with the corresponding 
salts of 2-methyl-f-naphthathiazole. This result had been fore- 
shadowed, in that, with both the present thio-y-cyanines and the 
thiocarbocyanines, the yield from salts of methyl-«-naphthathiazole 
is somewhat better than that from salts of methyl-§-naphtha- 
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piazole, but a difference between the two so striking as this was 
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he chain °<CH*CMe:CH- and containing two naphthathiazole 
uclei, the absorption maximum lies 350 A. nearer to the red than 
vith the parent thiocarbocyanines containing two benzthiazole 
nuclei. The new methiodide is a weak sensitiser and the ethiodide 
» powerful one, its maximum effect occurring 300 A. nearer to the 
ed than is the case with the parent thiocarbocyanine. 

Condensation of the ethiodides of methyl-«- and -$-naphtha- 
hiazole with p-dimethylaminobenzaldehyde gave the styryl com- 
pounds (IX) and(X). Condensation of the ethiodides with p-nitroso- 
dimethylaniline gave the anils (XI) and (XII). With both pairs, 
he methyl-«-naphthathiazole salt gave a better yield than did the 
methyl-8-naphthathiazole salt: 67% as compared with 46% for 


N 
Et I. (XL) (XII) 


the styryl compounds, and 61% as compared with 24% for the anils. 
In the case of such pairs of styryl compounds and anils, it has been 
observed that the styryl compounds are sensitisers, whereas the 
anils desensitise (Smith, loc. cit.; Hamer, J., 1924, 125, 1348)— 
an observation which has recently been shown to be general (Hamer, 
Phot. J., 1929, 69, 409): the phenomenon occurs in the present 
instance. 
EXPERIMENTAL. 

2-Methyl-8-naphthathiazole Methiodide—The base (II), prepared 

from «-naphthylamine, was supplied by Boots Pure Drug Company 
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and melted at 95—96°, with softening from 93°; Jacobson (loc. cit, 
gives m. p. 94-5—95-5° and Rupe and Schwarz (loc. cit.) give m. p 
94—95°. It was heated (5 g.; 1 mol.) with methyl iodide (1-9 c.c. 
1-2 mols.) in a sealed tube at 100° for 2 days. The product was 
extracted with ether in a Soxhlet apparatus, and the undissolved 
residue (89% yield) recrystallised from spirit (350 c.c.). The yield 
(5-9 g.) was 69%. The salt was dried in a vacuum at 100—110°, 
until of constant weight, and was analysed by the method of Carius, 
which was used throughout this work (Found: I, 37-3. Cale. for 
C,,H,,NIS: I, 37:-2%). It melted at 222—229° with evolution of 
gas, the exact m. p. depending upon the rate of heating. Smith 
(loc. cit.) obtained a 60% yield of crude substance and gives the 
m. p. of the recrystallised salt as 234° (decomp.). 

2-Methyl-8-naphthathiazole Ethiodide—The base (5 g.; 1 mol.) 
and ethyl p-toluenesulphonate (5 g.; 1 mol.) were heated togethe 
for 5 hours in an oil-bath at 180—190° and the product was treated 
with benzene and water. (By distilling off the benzene from the 
extract and acidifying, steam-distilling, and making the residue 
alkaline with ammonia, a not inconsiderable amount of base was 
recovered.) The aqueous solution was evaporated on the water. 
bath and treated with a concentrated aqueous solution of potassium 
iodide (8-5 g.). The ethiodide crystallised on cooling and was filtered 
off, being well washed with water in order to remove potassium 
iodide. It was extracted with ether, and the undissolved residue 
(3-3 g.; 37% yield) recrystallised from spirit (60 c.c.). The product 
(2-8 g.; 31% yield) formed crystals containing solvent of crystal- 
lisation. On drying in a desiccator (Found : I, 33-5%), or even ina 
vacuum at 90—105°, they showed no change in appearance (Found: 
I, 34-0. C,,H,,NIS,H,O requires I, 340%). Loss of weight 
occurred on drying in a vacuum at 100—120° or at 120—130°, and 
the substance lost its crystalline form and became powdery, but 
constancy of weight was not attained, owing to sublimation (Found: 
I, 35-3. C,,H,,NIS requires I, 35-7%). There were signs of 
decomposition from 200° and melting occurred at 209° with violent 
decomposition. 

1-Methyl-«-naphthathiazole Methiodide—The base (III), prepared 
from $-naphthylamine, was supplied by Boots Pure Drug Company, 
who recrystallised it until the m. p. was constant at 81°. It was 
distilled in a vacuum in order to get the anhydrous base, which 
melted at 57—58° with previous softening; Jacobson and Siillwald 
(loc. cit.) give m. p. 81°; Jacobson and Schwarz (loc. cit.) give m. p. 
80°, with softening from 68—70°, for the base containing water of 
crystallisation, and m. p. 48° for the anhydrous base. 

The preparation of the methiodide from the base (5 g.) was 
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effected by a method identical with that used with the isomeric 
base, but the yield was higher, being 91% (7-8 g.) after ether 
extraction and 75% after recrystallisation from spirit (250 c.c.). 
For analysis, the salt was dried in a vacuum at 100—120°; it then 
melted at 262° (decomp.) (Found: I, 37-3. Cale. for C,,H,,NIS : 
I, 37-2%). Smith (loc. cit.) describes the m. p. as 245° (decomp.) 
and the yield of crude product as almost quantitative. 

1-Methyl-«-naphthathiazole Ethiodide——The base (5 g.; 1 mol.) 
and ethyl iodide (2-4 c.c.; 1-2 mols.) were heated together for 2 days 
in a sealed tube at 100°. The product was extracted with ether, 
and the residue (8-5 g.; 95% yield) recrystallised from spirit 
(100 c.c.). The yield of almost colourless crystals was 81% (7-2 g.). 
They were dried for analysis in a vacuum at 100—120° (Found : 
I, 35-8. C,,H,,NIS requires I, 35-7%). M. p. 235° (decomp.). 

1’ : 2-Dimethyl-3 : 4-benzthio-4-cyanine Iodide.—2-Iodoquinoline 
methiodide (2 g.; 1 mol.) and 2-methyl-$-naphthathiazole meth- 
iodide (1-72 g.; 1 mol.) were boiled with 99% spirit (100 c.c.) and 
treated with a solution of potassium hydroxide (0-7 g.; ca. 90%; 
more than 2 mols.) in 99% spirit (10 c.c.). Separation of the dye 
began almost at once, but the mixture was boiled and stirred 
mechanically for an hour. The crude product (1-60 g.; 66% yield) 
was recrystallised from methyl alcohol (150 c.c. per g.) and the 
crystals (0-63 g.; 26% yield) were dried for analysis in a vacuum at 
100—120°, until of constant weight, which method of drying was 
also applied to the seven analogous dyes (Found: I, 26-2. 
CygHgN,IS requires I, 26-39%). M. p. 248° (decomp.). 

This and the following seven thio-/-cyanines all form small red 
crystals, which show only slight variations in shade amongst the 
different members of the series. The absorption spectra of all 
eight in spirit solution are practically identical, there being one 
band with its maximum at 2 5000A. Photographic plates which 
have been bathed in a solution of any of the eight thio-/-cyanines 
show an extra-sensitivity extending to about 6000 A. for moderate 
exposures. For this particular dye, the band is almost uniform, but 
with a maximum at 2 5500 A. 

2-Methyl-1'-ethyl-3 : 4-benzthio--cyanine iodide, similarly prepared 
from 2-iodoquinoline ethiodide and 2-methyl-8-naphthathiazole 
methiodide, was obtained crude in 41% yield, and 22% after 
recrystallisation (using 100 c.c. of methyl alcohol per g.) (Found : 
I, 25-5. C,,H,,;N,IS requires I, 25-6%). M. p. 243° (decomp.). 
It is a good sensitiser, but the band shows a gap; the maximum 
sensitisation is at 4 5500 A. 

1’- Methyl-2-ethyl-3 : 4-benzthio-4-cyanine todide, prepared from 
2-iodoquinoline methiodide and 2-methyl-8-naphthathiazole eth- 
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iodide, was obtained crude in 40% yield, and 19% after recrystallis- 
ation (using 300 c.c. of methyl alcohol per g.) (Found: I, 25-7. 
Cy,H,,;N,IS requires I, 25-6%). M. p. 270° (decomp.). The 
position of the sensitising maximum is the same as with the two 
preceding dyes and the band is nearly uniform. 

1’ : 2-Diethyl-3 : 4-benzthio-4-cyanine iodide, prepared from 2-iodo- 
quinoline ethiodide and 2-methyl-8§-naphthathiazole ethiodide, was 
obtained crude in 36% yield, and 24% after recrystallisation (using 
390 c.c. of methyl alcohol per g.) (Found: I, 24-8. C, ;H,,N,IS 
requires I, 24-9%). M. p. 265° (decomp.). The sensitising action 
is like that of the preceding compound. 

1’ : 2-Dimethyl-5 : 6-benzthio-p-cyanine iodide, prepared from 
2-iodoquinoline methiodide and 1-methyl-«-naphthathiazole meth- 
iodide, was obtained crude in 66% yield, and 27% after recrystal- 
lisation (using 320 c.c. of methyl alcohol per g.) (Found: I, 26-2. 
Cy3H,,N,IS requires I, 26-39%). M. p. 298° (decomp.). This is not 
such a powerful sensitiser; the maximum lies at 2 5400 A. 

2-Methyl-1'-ethyl-5 : 6-benzthio-p-cyanine iodide, prepared from 
2-iodoquinoline ethiodide and 1-methyl-«-naphthathiazole meth- 
iodide, was obtained crude in 53% yield, and 29% after recrystal- 
lisation (using 320 c.c. of methyl alcohol per g.) (Found: I, 25-5. 
C.,H.,N,IS requires I, 25:6%). M. p. 296° (decomp.). The sensi- 
tising maximum lies at 2 5400 A. and there is very little gap between 
the regions of normal and extra-sensitivity. 

1'-Methyl-2-ethyl-5 : 6-benzthio-p-cyanine iodide, prepared from 
2-iodoquinoline methiodide and 1-methyl-«-naphthathiazole eth- 
iodide, was obtained crude in 63% yield, and 32% after recrystal- 
lisation (using 320 c.c. of methyl alcohol per g.) (Found: I, 25-5. 
C,,H,,N,IS requires I, 25-6%). M. p. about 293° (decomp.). The 
sensitivity curve is almost uniform, with a maximum at 4 5500 A. 

1’ : 2-Diethyl-5 : 6-benzthio-y-cyanine iodide, prepared from 2-iodo- 
quinoline ethiodide and 1-methyl-«-naphthathiazole ethiodide, was 
obtained crude in 44% yield, and 30% after recrystallisation (using 
410 c.c. of methyl alcohol per g.) (Found: I, 24:8. C,;H,,N,IS 
requires I, 24-99%). M. p. 296° (decomp.). The sensitising maxi- 
mum lies at 5400 A. and the action is not so powerful as with some 
of the analogous dyes. 

2 : 2'- Dimethyl -3 : 4 : 3’ : 4'-dibenzthiocarbocyanine — Iodide. — 
2-Methyl-8-naphthathiazole methiodide (2 g.; 2 mols.) and ethyl 
orthoformate (2 c.c.; 4 mols.) were boiled in pyridine solution 
(20 c.c.) for 14 hours. The dye (1-52 g.; 92% yield) was recrystal- 
lised from methyl alcohol (2250 c.c.) and was obtained as a dark 
erystalline powder in 57% yield. Decomposition occurs on drying 
in a vacuum at 100—120°, but on drying at 60—80° constancy in 














lis- 
“7. 
‘he 


wo 


yas 
ng 
IS 
on 


m 


7+ | 











OF METHYL-«- AND -8-NAPHTHATHIAZOLES. 2605 


weight is attained. This and all the following dyes were dried for 
analysis in a vacuum at 60—80°, except in two instances, where the 
different temperature is stated (Found: I, 22-2. C,,H,,N,IS, 
requires I, 22-5%). M. p. about 240° (decomp.). The maximum of 
the chief absorption band lies at 2 6000 A. and there is a weaker band 
with its crest at 25600 A. The feeble extra-sensitisation conferred 
by the dye extends to about 2 6700 A. for moderate exposures, with 
a maximum at 2 6300 A. 

2 : 2'-Diethyl-3 : 4 : 3’ : 4'-dibenzthiocarbocyanine iodide was 
similarly prepared from 2-methyl-8-naphthathiazole ethiodide (2 g.), 
the time of heating, as also for the next three thiocarbocyanines, 
being 3hours. The crude product (1-35 g.; 81% yield) was recrystal- 
lised from methyl alcohol (1750 c.c.) and was thus obtained, in 64% 
yield, in small green and gold crystals (Found : I, 21-4. C.H,;N,IS8, 
requires I, 21-4%). M. p. 263° (decomp.). The absorption is like 
that of the preceding compound, but, unlike it, this dye is a powerful 
sensitiser, its action extending to 7200 A. with its maximum at 
2 6400 A. 

2 : 2’-Dimethyl-5 : 6 : 5’ : 6'-dibenzthiocarbocyanine iodide was pre- 
pared from 1-methyl-«-naphthathiazole methiodide (2 g.), but on 
account of the insolubility of the dye more pyridine than usual was 
taken (100 c.c.). The product (1-48 g.; 90% yield) was so sparingly 
soluble that its recrystallisation was practically impossible. It was 
boiled three times with methyl alcohol (100 ¢.c. x 3) and the dark 
green residue (78% yield) was analysed (Found : I, 22-4. C,,H,,N,IS8, 
requires I, 22-5%). M. p. 300° (decomp.). The chief absorption 
maximum lies at 5950 A.and the secondary one at 25500 A. A 
feeble extra-sensitisation extended to » 6400 A., but the testing was 
difficult, as the substance tended to precipitate instead of dyeing 
the emulsion. 

2 : 2’-Diethyl-5 : 6 : 5’ : 6’-dibenzthiocarbocyanine iodide was pre- 
pared from 1l-methyl-«-naphthathiazole ethiodide (2 g.) and the 
crude product (1-71 g.; quant. yield) was recrystallised from 
methyl alcohol (1000 c.c.); the yield of small steely crystals was 79% 
(Found: I, 21-2. C,H,,N,IS, requires I, 214%). M. p. 294° 
(decomp.). The absorption is like that of the first two thiocarbo- 
cyanines and the substance is a powerful sensitiser, showing its 
maximum action at 2 6350 A.; the extra-sensitisation extends to 
2 6900 A., with a gap at 2.5100 A. 

2:2’ - Diethyl - 5: 6 : 5’ : 6’ - dibenzthiocarbocyanine Bromide.— 
1-Methyl-«-naphthathiazole ethochloride (1-9 g.) was prepared from 
the ethiodide by the action of silver chloride and was used for the 
preparation of the thiocarbocyanine chloride. This, being too 
soluble to be readily recrystallised from methyl alcohol, was con- 
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verted into the corresponding bromide by addition of aqueous sodium 
bromide to its methyl-alcoholic solution. The crude dye bromide 
(86% yield) was recrystallised from methyl alcohol (100 c.c.) and 
dull green crystals resulted in 60% yield (Found: Br, 14:5. 
CygH,;N,BrS, requires Br, 14-65%). M. p. 274° (decomp.). 

2:2’: 8-T'rimethyl-5 : 6 : 5’ : 6’-dibenzthiocarbocyanine Iodide.— 
1-Methyl-a-naphthathiazole methiodide (2 g.; 2 mols.) and ethyl 
orthoacetate (2-2 c.c.; 4 mols.) were boiled with pyridine (20 c.c.) 
for} hour. The product (0-94 g.; 56% yield), being too sparingly 
soluble to be recrystallised, was boiled with methyl alcohol 
(100 c.c. x 3); the dull green residue (0-72 g.) amounted to a 
43% yield (Found: I, 22-1. C,,H,,N,IS, requires I, 21°95%). 
M. p. about: 298° (decomp.). The principal absorption maximum 
lies at 4 5750 A.; there is some extra-sensitisation extending to 
2 6600 A. 

8-Methyl-2 : 2'-diethyl-5 : 6 : 5’ : 6'-dibenzthiocarbocyanine iodide, 
similarly prepared by the action of ethyl orthoacetate on 1-methy]l- 
a-naphthathiazole ethiodide (2 g.), was obtained crude in 60% yield, 
and 38% after recrystallisation from methyl alcohol (850 c.c.). 
When the dull green crystals were dried for analysis in a vacuum at 
60—80°, the percentage of iodine was found to be low (20-1%), but 
approached the theoretical value when drying was effected in a 
vacuum at 110—120° (Found: I, 20-7. C,9H,,N,IS, requires 
I, 20-9%). M. p. about 298° (decomp.). The chief absorption band 
has its crest at 4. 5750 A. and there is a weaker band with its maxi- 
mum at 25400 A. The dye exerts a powerful sensitising action, 
which extends to A 6800 A., and has one maximum at d 6200 A. and 
a less well-defined one at 2 5400 A. 

2-p-Dimethylaminostyryl-B-naphthathiazole Ethiodide.—2-Methy]- 
8-naphthathiazole ethiodide (2 g.; 1 mol.) and p-dimethy]l- 
aminobenzaldehyde (0-84 g.; 1 mol.) were boiled with absolute 
alcohol (15 ¢.c.) and piperidine (0-5 c.c.) for 6 hours. The 
product (1-63 g.; 60% yield), after recrystallisation from methyl 
alcohol (200 c.c.), was obtained in 46% yield, as a dark purple 
powder (Found: I, 26-05. C,,H,,N,I8 requires 1, 26-1%). M. p. 
213° (decomp.). The substance confers a fairly powerful sensi- 
tivity extending to 6900 A.; there is a badly-defined maximum 
at about 2 6100 A. 

1-p-Dimethylaminostyryl-«-naphthathiazole ethiodide was similarly 
prepared from 1l-methyl-«-naphthathiazole ethiodide (2 g.), and 
the crude product (2-25 g.; 82% yield), on recrystallisation 
from methyl alcohol (1000 c.c.), gave a 67% yield of purple crystals 
(Found: I, 26-2. C,,H,,N,IS requires I, 26-1%). M. p. 256° 
(decomp.). The extra-sensitivity extends to » 6600 A., but is less 
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han in the, case of the preceding compound, and there is no very 
jear maximum. 

p-Dimethylaminoanil of 8-Naphthathiazole-2-aldehyde Ethvodide.— 
Methyl-8-naphthathiazole ethiodide (2 g.; 1 mol.) and p-nitroso- 
limethylaniline (0-85 g.; 1 mol.) were boiled for 7 hours in absolute 
coholic solution (30 c.c.) with 2 drops of piperidine. The anil 
0-90-g.; 33% yield) was recrystallised from methyl alcohol (200c.c.), 
he yield being 24%. A second recrystallisation was effected 
Found: I, 25-7. C,. ,H,.NsIS requires I, 26-05%). The green 
rystals melted at about 214° (decomp.), but the exact m. p. depends 
pon the rate of heating. 

p-Dimethylaminoanil of «-Naphthathiazole-1-aldehyde Ethiodide.— 
This was similarly prepared from 1-methyl-«-naphthathiazole 
ethiodide (2 g.), and was obtained crude in 61% yield (1-66 g.) and, 
after recrystallisation from methyl alcohol (250 c.c.), in 43% yield. 
After a second recrystallisation, the dark green crystals were dried 
at 10O—110° (Found: I, 25-9. C,.H,.N,IS requires I, 26-05%). 
M. p. 220° (decomp.). 


RESEARCH LABORATORY, ILFORD, LIMITED, 
Inrorp, E. [ Received, October 2nd, 1929.] 





(0CCL.—The Nitration of 3-Hydroxy-1 : 4-benzisooxazine 
and its 7- and 8-Acetamido-derivatives. 


By Istporet ELKANAH BALABAN. 


TxE present investigation was undertaken with a view to supplying 
materials for the preparation of hitherto unknown isomerides of 
8-acetamido-3-hydroxy-1 : 4-benzisooxazine-6-arsinic acid, shown 
by Ewins and Everett (Brit. J. Venereal Diseases, 1927, 3, 1) to 
possess a chemotherapeutic index (C/T7') of 1/80 per os. 

When 3-hydroxy-1 : 4-benzisooxazine (I) (Aschan, Ber., 1887, 
20, 1523) is nitrated, a mixture of two nitro-compounds, melting 
at 235° and 155—157°, respectively, is obtained in the proportion 
of 16:1. The former is identical with the 6-nitro-3-hydroxy- 


O 


n x A~\ 
sof Bow — Qr Bon Qe 
-.. NH 


(I1.) (I.) (III.) 


1: 4-benzisooxazine (II) of Newbery and Phillips (J., 1928, 3049), 
whereas the latter, although having the characteristics of a nitro- 
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benzisooxazine, is not identical with any of the nitrobenzisooxazine 
described by Newbery and Phillips, containing the nitro-group iz 
the benzene portion of the nucleus. It is suggested, therefore 
that the compound of m. p. 155—157° is 2-nitro-3-hydroxy-1 : 4 
benzisooxazine (ITI), although definite proof is still lacking. 

When __ 7-acetamido-3-hydroxy-1 : 4-benzisooxazine (IV) i 
nitrated, the sole product is the 6-nitro-derivative (V), oriented 
by identification of 6-nitro- (V1) and 6-amino-3-hydroxy-1 : 4-benz. 
isooxazine (VII); whereas the 8-acetamido-derivative gives ; 
mixture of the 6- and the 7-nitro-compound in the proportion of 
3-4:1. It would appear, therefore, that the oxygen atom sur 
passes in directing influence the acetamido-group in the benziso. 
oxazine ring. 

The method of orientation employed was (a) elimination of the 
acetyl group, (6) deamination, followed by reduction, and identi- 
fication of the amine formed, with known specimens by the mixed 
melting-point method. 


NH 
(VI.) 


ExPERIMENTAL. 


The nitrations were carried out by dissolving the benzisooxazine 
(1 part) in concentrated sulphuric acid (4 c.c.) at 0°, and adding 
1 mol. of nitric acid (d 1-42), dissolved in sulphuric acid, during 
2 hours. 

3-Hydroxy-1 : 4-benzisoorazine (I1).—The crude nitration mixture 
(28 g.) obtained from 30 g. melted at 180—190°. After two re- 
crystallisations from 50% acetic acid (450 c.c.) (charcoal), the m. p. 
was 230—232° ; a further purification from 95%, alcohol gave 13-38 g. 
of a substance, m. p. 235°, crystallising in almost colourless, rect- 
angular prisms and identical with 6-nitro-3-hydroxy-1 : 4-benziso- 
oxazine (II), m. p. 234° (Newbery and Phillips, loc. cit.). The 
mother-liquors deposited various crops melting at 155°, which, after 
recrystallisation from (a) 2N-acetic acid, (b) 95% alcohol, and (¢) 
water, melted at 155—157° and amounted to 8:29 g. This substance, 
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which was assumed to be 2-nitro-3-hydroxy-1 : 4-benzisooxazine 
(II), erystallised in anhydrous, brilliant yellow, hexagonal prisms 
from water or 95% alcohol and in yellow rhombs from 2N-acetic 
wid (Found in air-dried material: N, 14-9, 15-1. C,H,O,N, 
requires N, 14-49%). When reduced with iron, water, and a drop of 
acetic acid, it gave a base, the acetyl derivative of which crystallised 
in fine colourless needles, m. p. 283° (Found: N, 13-4. C,9H)0,N, 
B requires N, 13-6%). On reduction with stannous chloride and 
hydrochloric acid, however, the main product was 3-hydroxy- 

|: 4-benzisooxazine (87% yield), m. p. 171° (alone or mixed with an 
‘B authentic specimen). 
7-Acetamido-3-hydroxy-1 : 4-benzisooxazine (IV).—The crude 

nitrated material from 16-4 g. weighed 17-0 g. (m. p. ca. 255°). 
“B After being twice recrystallised from 50% acetic acid (charcoal), it 
‘'§ melted at 276° (14-4 g.). 

6-Nitro-7-acetamido-3-hydroxy-1 : 4-benzisooxazine (V) crystallised 
from 50% acetic acid in anhydrous golden-brown prisms (Found in 
air-dried material: N, 16-6. CyjH,O;N, requires N, 16-7%). It 
was very sparingly soluble in this solvent and also in water or 
alcohol. When it was boiled with 16% hydrochloric acid, 6-nitro- 
j-amino-3-hydroxy-1 : 4-benzisoovazine was obtained, which crystal- 
lised from 50% acetic acid (1 in 400) in anhydrous, long, red, 
hexagonal prisms, decomp. 317° (efferv.) (Found in air-dried 
material: N, 19-7. CgH,O,N, requires N, 20-1%), insoluble in 
boiling water but sparingly soluble in alcohol. The nitro-amine 
(20 g.) was deaminated by dissolution in sulphuric acid and alcohol 
and treatment with solid sodium nitrite at 100°; 0-6 g. of needles, 
m. p. 227°, was then obtained, which, on reduction with iron, 
water, and a drop of acetic acid, gave 6-amino-3-hydroxy-1 : 4-benz- 
isooxazine (VII), m. p. 255° (alone or mixed with an authentic 
specimen). 

8-Acetamido-3-hydroxy-1 : 4-benzisooxazine.—16-4 G. on nitration 
gave 19-4 g. of a mixture, m. p. 267°, which was finally resolved by 
fractional crystallisation from 50% acetic acid (charcoal) and from 
water (charcoal) into (a) 10-45 g., m. p. 295—297° (efferv.), and 
(6) 3-0 g., m. p. 264°. 

6-Nitro-8-acetamido-3-hydroxy-1 : 4-benzisooxazine crystallised 
from 50% acetic acid in long, bright yellow, rectangular prisms 
containing 1H,O, m. p. 295—297° (efferv.) (Found : loss at 100°, 
59; Nin air-dried material, 15-8, 15-9. C,)H,O;N,;,H,O requires 
H,0, 6-7; N, 156%). It was very sparingly soluble in 50% acetic 
acid and almost insoluble in water, benzene, or ether, but soluble 
in alcohol. This compound (4:5 g.) was deacetylated by 16% 
hydrochloric acid, giving a hydrochloride (4-1 g.), crystallising from 
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hydrochloric acid in colourless prisms, decomp. 302°, which was 
readily dissociated by water, giving 6-nitro-8-amino-3-hydrozry 
1 : 4-benzisooxazine, decomp. ca. 300°. This amine crystallised 
from water, in which it was very sparingly soluble, in anhydrous, 
deep yellow spikes (Found in air-dried material : N, 20-3. C,H,0,N, 
requires N, 20-1%). It was moderately easily soluble in acetic 
acid, but less soluble in alcohol. The nitro-amine (1-5 g.) after 
removal of the amino-group gave 0-7 g., m. p. 226—227° (needles), 
which on reduction gave 6-amino-3-hydroxy-1 : 4-benzisooxazine, 
m. p. 255° (alone or mixed with an authentic specimen). 

7-Nitro - 8 - acetamido - 3 - hydroxy-1 : 4-benzisooxazine crystallised 
from water (1 part dissolves in 60 parts of boiling water) in very 
pale yellow, prismatic needles containing 1H,O, m. p. 254° (Found: 
loss at 100°, 7-1; N in air-dried material, 15-8. C,jgH,O;N;,H,0 
requires H,O, 6-7; N, 15-6%). It was moderately easily soluble in 
acetic acid, very sparingly soluble in alcohol, and insoluble in 
benzene or ether. The nitro-compound (3-0 g.) was deacetylated 
as previously described, giving 7-nitro-8-amino-3-hydroxy-1 : 4-benz- 
isoowazine (2-2 g.), which crystallised from 50% acetic acid in 
anhydrous yellow prisms, m. p. 302° (decomp.) (Found in air-dried 
material: N, 19-6. C,H,O,N, requires N, 20-1%). This was 
moderately easily soluble in hot alcohol, but very sparingly soluble 
in water. After removal of the amino-group, 7-nitro-3-hydroxy- 
1 : 4-benzisooxazine, m. p. 230°, was obtained, which on reduction 
(0-5 g.) gave the 7-amino-derivative, m.p. 220° (alone or mixed with 
an authentic specimen). 


The author is indebted to Mr. R. H. Klein, F.1.C., for the analyses 
recorded in this paper. 


Researco Lasoratory, Messrs. May & BaKker, LTD., 
WaAnpDswortTH, S.W. 18. [ Received, October 11th, 1929.] 





CCCLI.—The Nitration of Benzyl Derivatives of 
Certain Phosphorus, Arsenic, and Antimony Com- 
pounds. 


By FREDERICK CHALLENGER and ARNOLD THORNTON PETERS. 


THIS communication contains an account of work on the orienting 
influence of positive poles and similar groups containing phosphorus, 
arsenic, or antimony, the term “ pole ”’ being used to indicate the 
seat of the charge in a complex ion. Vorlainder concluded (Ber., 
1919, 52, 283) that a positive pole directly attached to the benzene 
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nucleus causes m-orientation irrespective of the nature of the 
charged atom. His fundamental experiments consisted in the 
bromination of phenyltrimethylammonium bromide and the nitra- 
tion of the corresponding nitrate, m-substitution being exclusively 
observed. Vorlinder’s conclusions were amply confirmed by his 
later work and by that of other investigators (Ber., 1925, 58, 1900). 
Ing and Robinson (J., 1926, 1655) showed that predominant m-sub- 
stitution occurred when benzyltrimethylammonium nitrate was 
nitrated with nitric acid (d 1-5) at about 0°, although the positively 
charged atom is not directly attached to the nucleus (compare 
Allan, Oxford, Robinson, and Smith, J., 1926, 410). When a 
positive pole is separated from the benzene nucleus by more than 
one neutral atom, as in $-phenylethylamine and y-phenylpropyl- 
amine, the m-directive effect is very strongly diminished (Goss, 
Hanhart, and Ingold, J., 1927, 250. Compare also Ing and Robin- 
son, loc. cit.). Pollard and Robinson (J., 1927, 2770) observed 
a progressive fall in the amount of m-derivative produced in 
the nitration of benzylpiperidine, /-8-phenylethylpiperidine, and 
|-y-phenylpropylpiperidine. 

Since the positive electricity resides at the nucleus of the charged 
atom, Ingold, Ingold, and Shaw suggested (J., 1927, 815) that a 
similar damping action might be expected to arise during the 
passage of the effect through the successive shells of electrons 
belonging to the charged atom itself and that phenyl- and benzyl- 
phosphonium ions should exhibit a weaker m-directive action than 
the analogous phenyl- and benzyl-ammonium ions. Similarly, 
aromatic arsonium salts should show weaker m-reactivity than the 
corresponding phosphorus compounds, and phenyl and benzyl 
sulphoxides should on nitration yield less m-derivative than the 
corresponding aromatic nitro-compounds. 

Chatterjee and Robinson (J., 1927, 2782), on the other hand, 
attribute the smaller m-nitration (28°) observed with m-nitro- 
phenylbenzylsulphone and with benzylmethylsulphone (30%; 
Ingold, Ingold, and Shaw, loc. cit.) to the smaller degree of polar- 
isation of the oxygen in the two semipolar double bonds of the 
sulphones as compared with that obtaining in phenylnitromethane. 
Pollard and Robinson (J., 1927, 2773) state ‘“‘ under comparable 
conditions we may anticipate diminishing m-substitution in ascend- 
ing a group in the periodic system, e.g., CH,Ph-NR,>CH,Ph:PR,> 
CH,Ph:-AsR,>CH,Ph:BiR, and CH,Ph:‘SR,>CH,Ph:SeR,.” 

A recent study by Ingold, Shaw, and Wilson (J., 1928, 1280) of 
the nitration of phenyltrimethyl-phosphonium, -arsonium and 
-stibonium picrates and of benzyltrimethyl-phosphonium and 
-arsonium picrates has furnished results in agreement with some of 
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these predictions. A decrease in the proportion of m-substitution 
in the direction of increasing atomic number is observed. 


+ + + 
RNMe,. RPMe, RAsMe,. — RSbMe,. 
100 98-2 86-3 
10 3-4 — 


Apart from these results, some information already exists regarding 
the orienting influence of groups containing phosphorus, arsenic, 
or antimony. 

Triphenylphosphine and nitric acid (d 1-5) yielded the oxide, 
which, with nitric acid (d 1-5) and sulphuric acid, gave trinitro- 
triphenylphosphine oxide (Michaelis and Soden, Annalen, 1885, 
229, 323). This was assumed to be a p-derivative, but Challenger 
and Wilkinson (J., 1924, 125, 2675) showed that the tri-m-nitro- 
compound was exclusively formed. Nitration of phenylphosphinic 
acid, Ph-PO(OH),, yields a m-nitro-derivative, as does also pheny!- 
arsinic acid (Bertheim and Benda, Ber., 1911, 44, 3297). 

Triphenylstibine and nitric acid (d 1-5) in glacial acetic acid give 
triphenylstibine hydroxynitrate, which, on nitration, finally yields 
tri-m-nitrotriphenylstibine dihydroxide (Morgan and Micklethwait, 
J., 1911, 99, 2290), which gives m-bromonitrobenzene with bromine. 
Triphenylbismuthine dinitrate gives with nitric acid (d 1-5) a m-nitro- 
derivative as determined by two independent methods (Wilkinson 
and Challenger, J., 1924, 125, 857; Vorlinder and Schroedter, 
Ber., 1925, 58, 1900). 

Very few nitration experiments on the benzyl derivatives of 
compounds of the elements of Group V have been recorded. Tri- 
benzylphosphine oxide, (CH,Ph),PO, gave a product which was not 
completely purified but consisted largely of tri-p-nitrotribenzy]. 
phosphine oxide, since it gave p-nitrobenzoic acid on oxidation 
(Collie, J., 1889, 55, 223). Dibenzylphosphinic acid gives a dinitro- 
derivative (Litthauer, Ber., 1889, 22, 2145) in which the position of 
the nitro-groups was not determined. 

This communication contains an account of the nitration of 
dibenzylphosphinic and dibenzylarsinic acids, of tribenzylphosphine 
oxide and tribenzylarsine oxide, and of tribenzylstibine dihydroxide.* 
Benzyl derivatives of bismuth have not yet been obtained. One of 
us and Ridgway (J., 1922, 121, 105, 112) have shown that bismuth 
chloride and magnesium benzyl chloride yield benzaldehyde and 
bismuth oxide in presence of air. This oxidation of the benzyl 


* Shortly after the commencement of this research Professor Ingold 
informed us of his proposed experiments (see p. 2611) and it was decided to 
confine our studies to compounds of a somewhat different type. See footnote, 
J., 1928, 1280. 
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group, so marked in the case of bismuth, can still be detected in the 
antimony and arsenic compounds, since tribenzylstibine dihydroxide 
gradually acquires an odour of benzaldehyde, and tribenzylarsine 
becomes hot and fumes in air, giving benzaldehyde and dibenzyl- 
arsinic acid. The corresponding phenyl derivatives are stable. 

Magnesium benzyl] chloride and arsenic trichloride or tribromide 
in an atmosphere of nitrogen give a good yield of tribenzylarsine, 
with smaller amounts of tribenzylarsine oxide and dibenzylarsinic 
acid, (CH,Ph),AsO-OH. These compounds had previously been 
obtained by the use of sodium and benzyl chloride (Michaelis and 
Paetow, Annalen, 1886, 233, 60). The product (CH,Ph),As‘OH,H,O, 
m. p. 215°, described by Sachs and Kantorowicz (Ber., 1908, 41, 
2769) is probably identical with dibenzylarsinic acid, m. p. 211—212°. 
In one experiment, tetrabenzylarsonium bromide was obtained, and 
identified by the melting point of its mixtures with the products 
obtained from potassium bromide and tetrabenzylarsonium chloride 
and nitrate. Dodonov and Medox (Ber., 1928, 61, 907) have obtained 
tetraphenylphosphonium bromide from magnesium phenyl bromide 
and triphenylphosphine in a current of oxygen, and suggest a 
mechanism for the reaction. 

Morgan and Micklethwait (P., 1912, 28, 69) obtained tribenzyl- 
stibine dichloride from magnesium benzyl chloride and antimony 
trichloride. Hydrolysis yields tribenzylstibine dihydroxide, but no 
further details are given. These compounds have now been pre- 
pared and analysed. 

In our nitration experiments tribenzylphosphine oxide and nitric 
acid (d 1-5) at 0° gave tri-p-nitrotribenzylphosphine oxide, which 
was isolated in a pure condition (compare Collie, loc. cit.). Oxidation 
of the crude nitration product with potassium permanganate yielded 
almost exclusively p-nitrobenzoic acid. A trace of o-nitrobenzoic 
acid was detected, but no m-compound. Dibenzylphosphinic acid 
similarly yields di-p-nitrodibenzylphosphinic acid, the pure compound 
giving p-nitrobenzoic acid on oxidation as before. Oxidation of the 
crude nitration product gave p-nitrobenzoic acid only. 

Similar results were obtained with the corresponding arsenic 
compounds, the nitration products consisting almost wholly of 
tri-p-nitrotribenzylarsine oxide (accompanied by some tri-p-nitro- 
tribenzylarsine hydroxynitrate) in the one case, and of di-p-nitro- 
dibenzylarsinic acid in the other. Pure compounds were isolated in 
each case, and oxidation of the crude nitration products invariably 
yielded p-nitrobenzoic acid, accompanied in some instances by very 
small amounts of o-nitrobenzoic acid. No m-nitrobenzoic acid 
could be detected. 

Nitration of tribenzylstibine dihydroxide yielded a product which 
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was rather unstable and was not completely purified. On oxidation, 
p-nitrobenzoic acid and a trace of the o-nitro-acid were produced. 

The results described in this communication are to some extent 
analogous to those of Ingold, Shaw, and Wilson on the nitration of 
compounds of the type [Me,M-CH,Ph]X inasmuch as they indicate 
the predominance of p-substitution. Whereas, however, these 
authors observed small quantities of m-nitro-derivatives, we have 
been unable to detect any evidence of m-nitration in the case of the 
compounds of admittedly somewhat different type which are here 
described. 

EXPERIMENTAL. 

Nitration of Tribenzylphosphine Oxide——The oxide (A, 46 g.; 
B, 6-0 g.; C, 6-0 g.) was dissolved in nitric acid (d 1-5. A, 15 .c.; 
B, C, 25c.c.) at 0°. The clear yellow solution was left at room tem- 
perature for 3 hours and very slowly added to ice-cold water with 
vigorous stirring; this was necessary in order to obtain a solid 
product, m. p. 90—130°. Owing to a tendency to occlude nitric 
acid the solid was shaken with water (500 c.c.) for 17 hours, collected, 
and dried to constant weight (A, 6-0 g.; B, 8-05 g.; C, 80 g)). 
Calculated for trinitrotribenzylphosphine oxide : A, 92%; B, 95%; 
C, 94% yield. 

The filtrate gave a negligible residue on extraction with ether and 
chloroform. The crude product now melted from 190—200° and 
was insoluble in aqueous sodium carbonate or hydroxide. It 
exploded slightly on heating. 

It showed little tendency to crystallise; successive precipitations 
by water from a glacial acetic acid solution produced no apparent 
change (compare Collie, loc. cit.). 

The final method of purification was extraction with boiling alcohol 
(see later) and crystallisation of the remaining solid (70% of the 
crude nitration product) repeatedly from dilute acetic acid. Almost 
colourless needles, m. p. 273°, of tri-p-nitrotribenzylphosphine oxide 
were finally obtained (Found: C, 55-25; H, 3-95; N, 9-15. Calc. 
for C,,H,,0,N,P: C, 55-4; H, 3-95; N, 9-3%). 

The pure product, m. p. 273°, is slightly soluble in chloroform, 
acetone, benzene, ethyl and methyl alcohol, and insoluble in light 
petroleum. It was pyrophoric and on oxidation with 2% alkaline 
permanganate gave p-nitrobenzoic acid (yield, 80°%). 

The alcoholic extracts (see above) on concentration gave an oil 
which was very soluble in chloroform, acetone, benzene, and methyl 
alcohol and slightly soluble in light petroleum. It was insoluble in 
aqueous sodium carbonate and hydroxide and did not completely 
solidify when kept at 0° for 4 days. Subsequent treatment with 
acetone and light petroleum yielded a pale yellow mass, melting at 
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about 100°. This with dilute methyl alcohol gave a white solid, 
n. p. 158°, which when oxidised with 2% alkaline potassium per- 
manganate yielded only p-nitrobenzoic acid. The substance, 
n. p. 158°, was therefore not further examined, being very difficult 
to purify. 

Attempted Synthesis of Tri-p-nitrotribenzylphosphine Oxide.— 

-Nitrobenzyl bromide (3 mols.; 15 g.) and phosphorus oxychloride 
(| mol.; 3-7 g.) were warmed with ‘“‘ molecular ” sodium (7 atoms) 
in dry benzene (200 c.c.). After 3 days, unchanged p-nitrobenzyl 
bromide was recovered. A similar experiment using dry ether was 
also unsuccessful. 

Oxidation of Crude Nitrated Tribenzylphosphine Oxide—The solid 
(56 g.) was boiled for 2 hours with 5% potassium permanganate 
(200 c.c.) and 12% aqueous potassium hydroxide (8 c.c.), the excess 
of permanganate removed by alcohol, and the liquid filtered. On 
evaporation and acidification an almost white solid separated, 
m. p. 235° (mixed with pure p-nitrobenzoic acid, m. p. 238°. A, 
425 g.). Ether-extraction of the acid filtrate gave a further amount 
of p-nitrobenzoic acid (B, 0-12 g.; m. p. 230°). Extraction of the 
manganese dioxide gave 0-13 g., m. p. 233° (total weight of p-nitro- 
benzoic acid, 4-5 g.). 

Similar and concordant results were obtained when 2% alkaline 
permanganate was used: Crude nitration product, A, 3-0 g.; 
B, 40 g.; 2% alkaline permanganate, A, 350 c.c.; B, 570 c.c. 
Total yield of nitrobenzoic acid, A, 25 g.; B, 3-3 g.; or a 76% 
yield, the crude nitration product being assumed to be trinitrotri- 
benzylphosphine oxide. In the last two experiments the fraction 
B was viscid. It was treated with aqueous barium hydroxide, and 
the mixture evaporated until some barium salt separated. This 
was acidified with dilute hydrochloric acid and extracted with ether, 
giving a solid, m. p. 110°. The filtrate, containing the more soluble 
barium salt, was acidified and extracted with ether to give a solid, 
m. p. 120°, which was crystallised from hot water, yielding white 
crystals, m. p. 137—138° (mixed with pure o-nitrobenzoic acid of 
m. p. 144°, these had m. p. 143°). The amount of o-nitro-acid 
approximated to 3% of the crude oxidation products. 

In each case, 95°% of the crude acids could be isolated as p-nitro- 
benzoic acid; the m-nitro-acid could not be detected in a chloroform 
extract of the crude acids. Tests on a mixture of nitrobenzoic acids 
(285 g.; 95% p-nitro-acid : 0-15 g.; 5% m-nitro-acid) showed that 
the m-acid could be detected in this manner. 

The solubility in chloroform (100 g.) at 20° is 1-09, 4-07, and 
0-10 for o-, m-, and p-nitrobenzoic acid, respectively. 

Oxidation of Tribenzylphosphine Oxide.—The oxide (A, 1-1 g.; 
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B, 3-0 g.) was boiled with 2% alkaline permanganate (A, 180 c.c.; 
B, 550 c.c.) for 4 hours, giving unchanged oxide (A, 0-5 g.; B, 1-7 g. 
and benzoic acid (A, 0-6 g.; B, 1-06 g.), corresponding to a 73%, 
yield. 


ate than its nitro-derivative (compare dibenzylphosphinic acid, 
below). 

Nitration of Dibenzylphosphinic Acid.—The acid (4-0 g.) was 
dissolved in nitric acid (d 1-5; 15 ¢.c.) at —5° and after 2 hours at 
room temperature the mixture was poured on well-stirred ice. 
The solid was shaken with water (300 c.c.) for 15 hours and dried 
(5-1 g.). The spent acid deposited 0-15 g. of solid on standing over. 
night; this crystallised in white needles, m. p. 226°. Concentration 
of the spent acid and of the aqueous washings and extraction with 
ether and chloroform gave no further solid. Total weight of crude 
nitration product, m. p. 170°, 5-25 g. Calculated for dinitrodibenzy]- 
phosphinic acid, 5-5 g.; yield 96%. 

It was wholly soluble in aqueous sodium hydroxide and was 
reprecipitated by acid. Crystalligation from dilute acetic acid 
yielded almost colourless needles, m. p. 225—226°, of di-p-nitro- 
dibenzylphosphinic acid (Found: C, 49-9; H, 43; N, 83. 
C,,H,,0,N,P requires C, 50-0; H, 3-9; N, 83%) (compare Litt- 
hauer, Ber., 1889, 22, 2145). Oxidation of the pure product with 
2% alkaline permanganate gave p-nitrobenzoic acid (yield, 83%). 

Oxidation of the Crude Nitrated Dibenzylphosphinic Acid.—The 
crude nitration product, washed and dried (3-6 g.), was boiled for 
3 hours with 2% alkaline permanganate (400 c.c.). The mixture, 
when treated as in the oxidation of trinitrotribenzylphosphine oxide 
(p. 2615), gave p-nitrobenzoic acid (2-9 g.), m. p. and mixed m. p. 238° 
(Calc. for dinitrodibenzylphosphinic acid, 3-6 g. Yield, 81%). 

A similar experiment gave an 82%, yield. 

These observations are confirmed by the fact that an almost 
quantitative yield of pure p-nitrobenzoic acid was formed on heating 
dibenzylphosphinic acid in a sealed tube with nitric acid (d 1-5). 

Dibenzylphosphinic acid is very easily oxidised ; 2-1 g. were boiled 
for 2 hours with 2% alkaline permanganate (270 c.c.), yielding 
finally 1-7 g. of benzoic acid (81% of the theoretical yield). 

Benzoic acid could in no case be detected among the oxidation 
products of the nitrated phosphine oxide and phosphinic acid, 
showing that a benzene nucleus had not been splitoff during nitration. 

In a mixture of benzoic acid (0-02 g.) and p-nitrobenzoic acid 
(0-98 g.) benzoic acid was easily detected by its odour on sublimation. 

Preparation of Tribenzylarsine.—Arsenic trichloride (1 mol. ; 91 g.) 
in dry ether was slowly added in an atmosphere of nitrogen to 4 
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Grignard solution prepared from benzyl chloride (3-3 mols.; 209 g.) 
and magnesium (3-4 mols.; 41 g.). The mixture was finally warmed 
m the steam-bath for 1 hour and left over-night. The ether was 
then removed, water added, and the separated solid extracted with 
joiling alcohol. Successive crops, m. p. 104°, consisted almost 
vholly of tribenzylarsine, which was immediately placed out of 
sontact with air. The final alcoholic mother-liquor was distilled in 
steam to remove dibenzyl and the residue was extracted with 20% 
aqueous sodium hydroxide. Addition of acetic acid gave dibenzyl- 
arsinic acid, which formed white needles, m. p. 211°, from alcohol 
(Michaelis and Paetow, loc. cit.). 

The residue insoluble in alkali, when crystallised from aqueous 
alcohol, gave tribenzylarsine oxide, m. p. 220° (Michaelis and 
Paetow, loc. cit.). 

In a similar experiment with arsenic tribromide, the alcoholic 
mother-liquor yielded a solid which, after separation from dibenzyl- 
arsinie acid, crystallised from aqueous alcohol in white needles, 
m. p. 175—177°. The product decomposed on heating, giving 
benzyl bromide, and was tetrabenzylarsonium bromide, which 
is stated to melt at 173°. It did not depress the m. p.’s (175° 
and 175—177°) of the products obtained by the action of aqueous 
potassium bromide on tetrabenzylarsonium chloride and nitrate 
in aqueous alcohol and in water respectively. 

It reacted readily with silver nitrate to give silver bromide. 
Aqueous sodium picrate was added to an aqueous-alcoholic solution 
of the compound, yellow needles, m. p. 173°, being obtained which 
contained no halogen and were probably the picrate of the above 
woduct (Found : C, 61:2; H, 4-1. C,,H,,0,N,As requires C, 61-2; 
H, 45%). The formation of dibenzylarsinic acid and tribenzyl- 
arsine oxide is due to the oxidation of the tertiary arsine. This was 
clearly demonstrated when pure tribenzylarsine, m. p. 106°, was 
boiled with alcohol, and the solution fractionated. Crops 1 and 
2 consisted of tribenzylarsine, and crop 3 melted at 207°. Treat- 
ment with aqueous sodium hydroxide and addition of acetic acid 
gave dibenzylarsinic acid, m. p. 211°. 

The residue insoluble in alkali was tribenzylarsine oxide, m. p. 
220—222° on crystallisation from aqueous alcohol. The final 
nother-liquor contained benzaldehyde. The dry arsine decomposes 
when exposed to air, giving white fumes and a strong odour of 
benzaldehyde and leaving dibenzylarsinic acid (compare Michaelis 
and Paetow, Annalen, 1886, 233, 62). 

Interaction of Tribenzylarsine and Bromine.—The arsine (3-5 g.) 
was mixed with bromine (1-6 g.) in dry chloroform (16 c.c.) at 0°, 
kept in ice for } hour, and added to excess of light petroleum 

47 
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(150 c.c.). The white crystalline precipitate was immediately 
collected, dried, and analysed by silver nitrate-thiocyanate titratio 
in aqueoys alcoholic solution [Found: Br, 26-7. Calc. fo 
(C,H,),AsBr,: Br, 31-59%]. The product, m. p. 110—115°, was 
therefore the crude dibromide, which is very sensitive to moisture 
and has never been prepared in a pure condition. It was converted 
into tribenzylarsine hydroxybromide, m. p. 165°, by addition of 
water (compare Michaelis and Paetow, loc. cit.). This was shaken 
with aqueous sodium hydroxide, giving white needles of tribenzyl. 
arsine oxide, m. p. 220°. 

Nitration of Dibenzylarsinic Acid.—The acid, m. p. 211° (A, 
4-0 g.; B, 2-9 g.) was dissolved in nitric acid (d 1-5: A, 13 ce. 
B, 10 c.c.) at —5°, The clear yellow liquid was left at room tem. 
perature for 3 hours and then added to well-stirred ice-water. The 
resulting viscid solid was separated, shaken for 3 hours with water 
(300 c.c.), collected, washed, and dried to constant weight (m. p. 
120—130°. A, 4:85 g.; B,3-6g.). Calculated for dinitrodibenzyl. 
arsinic acid, A, 5-2 g.; 93%: B, 3-8 g.; 95% of the theoretical 
yield. It was completely soluble in aqueous sodium hydroxide. 

The aqueous filtrate (see above) was extracted with chloroforn, 
but the extract left no residue. The spent acid from the nitration 
contained no organic. matter. 

The crude nitration product was extracted with alcohol (A, 25 c.c.; 
B, 20 c.c.), fractionation of the extract yielding white needles, 
m. p. 211°, and a small amount of oil which on oxidation with 2°, 
alkaline permanganate gave only p-nitrobenzoic acid. 

About 80% of the crude nitration product was insoluble in the 
alcohol and was crystallised six times from dilute acetic acid, giving 
almost colourless needles of di-p-nitrodibenzylarsinic acid, m. p. 
210—211°, identical with the product obtained from the alcoholic 
extract (Found : C, 44-3; H, 3-4; N, 7-45. C,,H,,0,N,As requires 
C, 44:2; H, 3-45; N, 7-4%). 

Oxidation of the pure product, m. p. 211°, with 2% alkaline 
permanganate gave p-nitrobenzoic acid in 80—83% yield. Di-p- 
nitrodibenzylarsinic acid is soluble in chloroform and glacial acetic 
acid, slightly soluble in methyl and ethyl alcohol, and is reprecipit- 
ated from an alkaline solution by acidification with acetic acid. 
It explodes slightly when heated to 300°. 

Oxidation of the Crude Nitration Product of Dibenzylarsinic Acid— 
The crude nitration product, washed and dried (3-9 g.), was boiled 
with 2% potassium permanganate (450 c.c.) and 12% aqueous 
sodium hydroxide (15 c.c.) for 2 hours, and the excess of permangan- 
ate removed by alcohol. The filtrate was then combined with the 
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washings of the manganese dioxide and evaporated to a small 
bulk. Acidification with dilute hydrochloric acid gave p-nitro- 
benzoic acid (2-7 g., m. p. and mixed m. p. 238°). An ethereal 
extract of the acid filtrate gave a small amount of a nitrobenzoic 
acid (0-15 g., m. p. 125—130°); when mixed with pure m-nitro- 
benzoic acid (m. p. 141°), it melted at 110°; mixed with pure 
o-nitrobenzoic acid (m. p. 144°), it melted at 138—140°. The total 
weight of nitrobenzoic acids obtained was 2-85 g. [Calc. for the 
oxidation of (NO,°C,H,°CH,),AsO-OH : 3-45 g. Yield, 83%]. A 
chloroform extract of the crude acids yielded no indication of the 
presence of any m-nitrobenzoic acid, which is very soluble in this 
reagent. 

Nitration of Tribenzylarsine Oxide—The oxide (A, 1-5 g.; B, 
4-8 g.) was dissolved in nitric acid (d 15: A, 5c.c.; B, 16 ¢.c.) at 
—5°. After 2 hours, addition of ice precipitated an almost white 
solid, which was repeatedly washed with water and dried; 
m. p. 170° (decomp.) (A, 2-0 g.; B, 6-4 g.). Calculated for 
(NO.°C,H,°CH,),As0 : A, 98%, and B, 97% of the theoretical yield. 
Calculated for (NO,*C,H,*CH,),As(OH)(NO,) : A, 91%, and B, 90%. 

The crude nitration product was fractionally crystallised from 
glacial acetic acid. Two pure products were isolated, (1) almost 
white needles, m. p. 230°, and (2) similar needles, melting very 
sharply at 189° and evolving gas. This behaviour is unlike that of 
the nitrated arsine oxide and analysis showed the product of m. p. 
189° to be tri-p-nitrotribenzylarsine hydroxynitrate (Found : C, 44-9; 
H, 3-4; N, 10-3. C,,H,,0,>N,As requires C, 44:8; H, 3-4; N, 
10-0%). 

Product (1) was present in larger amounts than (2) and was more 
soluble in glacial acetic acid. It was tri-p-nitrotribenzylarsine oxide 
(Found : C, 50:7; H, 3-6; N, 8-4. C,,H,,0,N,As requires C, 50-4; 
H, 3-6; N, 84%). Both products of nitration gave p-nitrobenzoic 
acid on oxidation with 2% alkaline permanganate. 

Oxidation of the Crude Nitration Product of Tribenzylarsine Oxide.— 
The oxide (4-0 g.) was boiled for 3 hours with 2% alkaline potassium 
permanganate (450 c.c.), giving almost exclusively p-nitrobenzoic 
acid. Extraction with chloroform and fractional crystallisation 
failed to detect m-nitrobenzoic acid. A trace of o-nitrobenzoic acid 
was obtained. Total weight of nitrobenzoic acids, 3-1 g. [Calc. for 
(NO,°*C,H,°CH,),AsO: 4:0 g. Yield, 77%]. 

Interaction of Magnesium Benzyl Chloride and Antimony Tri- 
chloride.—Antimony trichloride (1 mol.; 147 g.) in dry ether was 
added to a solution prepared from benzyl chloride (3-3 mols. ; 
264 g.) and magnesium (3-5 atoms; 53 g.). The mixture was 
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warmed on the steam-bath, the ether removed, water added, and 
the resulting viscous mass separated and extracted with 12% 
aqueous sodium hydroxide (600 c.c.). The alkaline solution gave a 
negligible precipitate on acidification. The solid insoluble in alkali 
was shaken with ether (500 c.c.) or distilled with steam to remove 
dibenzyl, and the residue dissolved in boiling alcohol. Dilution with 
water gave white glistening plates, m. p. 120°, which on repeated 
crystallisation from aqueous alcohol yielded a product which melted 
at 161°, then solidified, and remained unchanged to 250°. It 
contained no halogen and on heating or leaving in air for a few days 
gave benzaldehyde and dibenzyl. Benzaldehyde was identified as 
its 2 : 4-dinitrophenylhydrazone, m. p. 227°, mixed m. p. 231°. 

The white crystals, m. p. 161°, were tribenzylstibine dihydroxide 
[Found: C, 58-8; H, 5-3. (C,H,),Sb(OH), requires C, 58-7; 
H, 53%]. 

The product was slightly alkaline to litmus and was readily 
oxidised by 2% alkaline permanganate, yielding benzoic acid. 
Benzyl chloride was formed on warming with dilute hydrochloric 
acid. Tribenzylstibine dihydroxide i in chloroform was warmed with 
concentrated hydrochloric acid, giving white needles, m. p. 108°, 
which readily evolved benzyl chloride on heating and consisted of 
tribenzylstibine dichloride (Found: C, 54:1; H, 4:8; Cl, 14-9. 
C,,H,,Cl,Sb requires C, 54:2; H, 4:5; Cl, 15-0%). 

Nitration of Tribenzylstibine Dihydroxide—The dihydroxide, 
m. p. 161° (2-3 g.) was dissolved in nitric acid (d 1-5; 10 c.c.) at 
— 5° to 0°. The clear solution was left at room temperature for 
2 hours and added to ice-water ; a yellow solid (2-7 g.) then separated, 
which was washed and dried. The spent acid yielded nothing on 
extraction with chloroform. The yellow solid was probably tri- 
nitrotribenzylstibine hydroxynitrate and melted at 115° with much 
frothing (compare Goddard and Yarsley, J., 1928, 722) [Found : 
N, 9-3, 9-3. Cale. for (NO,°C,H,),Sb(OH)(NO,): N, 9-2%]. 

The product was difficult to purify and was decomposed by boiling 
water, giving the odour of a nitrotoluene. 

Oxidation of the above Crude Nitration Product.—The crude solid 
(1-8 g.) was boiled for 4 hours with 4% alkaline potassium ‘per- 
manganate (250 c.c.). Treatment as in previous cases yielded a 
white crystalline precipitate of p-nitrobenzoic acid, m. p. 237° 
(mixed with pure p-nitrobenzoic acid, m. p. 239°). The acid 
filtrate on extraction with ether gave a few white needles, m. p. 130° 
[mixed with pure m-nitrobenzoic acid (m. p. 140°), these melted at 
110—115°; and in admixture with o-nitrobenzoic acid (m. p. 144°), 
at 142—143°. Equal amounts of pure m- and o-acids when 
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mixed melted at 114°]. The product was therefore o-nitrobenzoic 
acid. 

A chloroform extract of the crude acids yielded no trace of 
m-nitrobenzoic acid. The total weight of crude nitrobenzoic acids 
obtained was 0-95 g. (yield, 70% approx.). 

Decomposition of p-Nitrobenzyl Derivatives of Compounds of 
Quinquevalent Phosphorus, Arsenic, and Antimony.—The nitration 
product of tribenzylstibine dihydroxide gives a yellow colour with 
cold alkali and a very strong odour of nitrotoluene is developed on 
slight warming. ‘Tri-p-nitrotribenzylphosphine oxide is much more 
stable: no colour was developed with cold alkali and boiling was 
necessary before the odour of nitrotoluene was apparent. The 
stability of the corresponding arsine derivative is intermediate 
between those of the phosphorus and antimony compounds. Di-p- 
nitrodibenzyl-phosphinic and -arsinic acids were similarly decom- 
posed, the arsenic derivative the more readily. The order of 
stability of the corresponding nitrobenzyl derivatives could thus 
be represented : P>As>Sb. 

Ing and Robinron (J., 1926, 1668) observed a similar decomposi- 
tion when p-nitrobenzyltrimethylammonium nitrate was boiled with 
20°, aqueous sodium hydroxide, an orange liquid and the odour of 
p-nitrotoluene being produced (see also Pollard and Robinson, 
J., 1927, 2779). 


The authors desire to thank the Research Fund Committee of the 
Chemical Society for a grant in aid of this investigation. 
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CCCLII.—The Formation and Stability of the 2-o- 
Thiophenyl-4 : 5-dihydroglyoxalines. 
By Ernest Witson McCLELLAND and LEONARD ARTHUR WARREN. 


In a previous communication (this vol., p. 1582) it was shown that 
2-thio-1 : 2-dihydrobenzisothiazoles (Il) are formed from primary 
amines and 2 : 3-dithiosulphindene (I): these substances are stable 
in comparison with the oxygen analogues (VI), which are readily 
reduced to the disulphides (VII). 

Continuing the study of the formation and stability of these and 
analogous systems, we have investigated the action of ethylene- 
diamine on 2: 3-dithiosulphindene, with the result that 2-0-thiol- 
phenyl-4. : 5-dihydroglyoxaline (IV) has been obtained. This material 
is evidently formed by intramolecular condensation of the primary 
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product (IIT; R = CH,°CH,:NH,) and reduction of the resulting 
tricyclic compound (III) by the hydrogen sulphide eliminated : 


ye nian —H,s 
CO —_—_ > a 


OY? rt 2. 
(I1.) 


dl ) (VI.) (VII.) 





The solubility of the substance (IV) in acids and alkalis and the 
formation of a picrate and a silver salt agree with the structure 
assigned to the compound. Further proof of its constitution has 
been furnished by the synthesis of the S-methyl ether (XII) which 
is obtained by its methylation. 


sMe Me 
30Cl O-NH, 
(VIII.) (IX.) 


Me 
(XII.) NH 


(XIII.) 
A CO-NH-CH,- |, 

The amide (IX), obtained from 2-methylthiolbenzoic acid through 
the acid chloride (VIII), was converted into the nitrile (X), from 
which the éhioamide (XI) was prepared by treatment with hydrogen 
sulphide according to Kindler’s method (Annalen, 1923, 431, 202). 
The thioamide condensed with ethylenediamine (compare Forssel, 
Ber., 1892, 25, 2132) to give a product identical with the S-methy] 
derivative (XII), obtained by direct methylation of the dihydro- 
glyoxaline (IV). The yield of the thioamide in this synthesis was 
unsatisfactory and it may be noticed that amide (1X) with phosphorus 
pentasulphide gave the nitrile (X). A more convenient synthesis 
of the S-methyl derivative was attained by direct condensation 
of the nitrile (X) with ethylenediamine in presence of hydrogen 
sulphide. Small yields of the S-methyl derivative were also 
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obtained from the ethylene-diamide (XIII) by treatment with 
hydrogen chloride (compare Ber., 1888, 21, 2334; J., 1926, 804). 

The disulphide (V) was indlaited as a subsidiary product of the 
reaction between ethylenediamine and 2 : 3-dithiosulphindene, but 
the tricyclic compound (ITT) could not be detected. 

Cyclic compounds of the type (VI) have been obtained from the 
disulphides (VII) by treatment with bromine (Reissert, Ber., 1928, 
61, 1308). The possibility of synthesising the tricyclic compound 
(II) from the disulphide (V) by a similar method was therefore 
investigated. Attempts to oxidise the thiol (IV) to the disulphide 
(V) by means of ferric chloride were unsuccessful owing to the 
formation of metallic complexes: but reaction of the thiol (IV) 
with the calculated amount of bromine gave the hydrobromide of 
the required pura 


S 


(Ss Om 
ee: oe N 
bee, 


G on, OH, 


(ue aN—CH, N—CH, HN—CH, 
(XIV.) Br (XVI.) Br-Br, 


(XV.) (XVIL.) 


Reaction of the disulphide base (V) with one molecular propor- 
tion of bromine yielded a material, presumably the sulphur bromide 
(XIV). This substance in warm acetic acid gave the tricyclic 
hydrobromide (XV), which was also obtained when the disulphide 
hydrobromide was treated with bromine. In contrast to the 
preparation from the base, hydrogen bromide was liberated in 
accordance with the structure assigned to the tricyclic salt. Attempts 
to obtain the tricyclic base (III) were unsuccessful: when the 
hydrobromide was treated with alkali, the disulphide (V) was 
obtained instead of the cyclic compound. The production of the 
former may be explained by decomposition of the unstable sulphenic 
acid (XVI) formed by hydrolytic fission and is confirmed by the 
observation that the yield of disulphide from this source is less 
than that from the hydrobromide of the disulphide (compare 
Zincke and Farr, Annalen, 1912, 391, 58). The tricyclic hydro- 
bromide (XV), in contrast to the latter, yields the hydriodide by 
treatment with aqueous potassium iodide. 

Reaction of the thiolphenyldihydroglyoxaline (IV) or the corre- 
sponding disulphide (V) with excess of bromine gave a perbromide 
(XVII) of the tricyclic hydrobromide. The character assigned to 
this compound is supported by the facts that on treatment with 
water it yields the tricyclic hydrobromide and is re-formed by the 
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action of bromine on the latter. The possibility of the whole oj 
part of the labile bromine being linked to sulphur is not excluded 
but the structure (XVII) appears on the available evidence to hd 
the most probable. 

An analogous series of perhalides has been obtained from the 
methylthiolphenyldihydroglyoxaline (XII). For instance, treat- 
ment of the hydriodide with iodine gave a periodide, CjgH,.N,8,HL I, 
from which the hydriodide was regenerated by the action of sulphu 
dioxide, and direct treatment of the base with bromine gave a 
hydrobromide or a perbromide, C,>H,.N,.S,HBr,Br,, according to the 
conditions. This reaction is analogous to the formation of the 
hydrobromide and perbromide of 2 : 4 : 5-tricyclohexyl-4 : 5-dihydro. 
glyoxaline (Helv. Chim. Acta, 1928, 11, 944). 

The failure to isolate the tricyclic compound either in the primary 
condensation of ethylenediamine and 2 : 3-dithiosulphindene or by 
basifying its hydrobromide leads to the conclusion that the S-N 
link is unstable and is analogous in this respect to that in the 
2-keto-1 : 2-dihydrobenzisothiazoles (VI). Replacement of the car- 
bonyl oxygen by nitrogen, unlike replacement by sulphur (compare 
this vol., loc. cit.), does not appear to stabilise the S-N link. 

The instability of the tricyclic base is also evident in the behaviour 
of its salts. The hydrobromide liberates iodine from potassium 
iodide in acid solution, presumably owing to reduction at the S-N 
link, and is reduced by hydrogen sulphide to the hydrobromide of 
the mercaptan (IV); and iodine is set free when a concentrated 
aqueous solution of the hydriodide is boiled. The relative stability 
of the salts of the tricyclic compound as compared with the bas 
may be attributed to the enhanced positive character of the sulphur 
(compare this vol., loc. cit.), consequent on the tendency of the 
positive polar nitrogen to withdraw electrons from the former (XV). 


EXPERIMENTAL. 


2-0-Thiolphenyl-4 : 5-dihydroglyoxaline (IV).—A_ solution of 
2 : 3-dithiosulphindene (20 g.) in alcohol (400 c.c.) and ethylene- 
diamine (10 c.c.) was boiled for 8 hours and evaporated to dryness, 
the residue extracted with sulphuric acid (2N), and the extract 
made alkaline with ammonium carbonate (2). The precipitate (15 
g.) crystallised from alcohol in yellow plates, m. p. 244° (decomp.; 
softening at 210°) (Found: C, 60-7; H, 5-9; N, 15:3; S, 186; 
M,177. CyHypN,S requires C, 60-6; H, 5-7; N, 15-7; S, 18-0%; 
M, 178). 

2-0-Thiolphenyl-4 : 5-dihydroglyoxaline is sparingly soluble in 
cold water, chloroform and benzene and readily soluble in sodium 
hydroxide (2N) and hydrochloric acid (2N). It gives a greet 





OF THE 2-0-THIOPHENYL-4 : 5-DIHYDROGLYOXALINES. 2625 


coloration, fading to brown, with ferric chloride, a white precipitate 


vith mercuric chloride, and forms a silver salt. The picrate, 


obtained as yellow needles from alcoholic picric acid, becomes red at 
165—170° and melts at 242° (decomp.). 

2-Methylthiolbenzoyl Chloride (VIII).—2-Methylthiolbenzoic acid 
(Annalen, 1907, 351, 401) (13-5 g.) was heated on the water-bath 


a\-B vith an excess of thionyl chloride (26 g.) until the evolution of 
*Biydrogen chloride ceased (10 minutes). The thionyl chloride was 


sium 
S-N 
de of 
rated 
vility 


‘removed under reduced pressure and the residual yellow oil, which 


crystallised on cooling, was purified from ether and dried in a vacuum. 
The acid chloride thus obtained as colourless needles, m. p. 75—76°, 
was used in the subsequent experiments. 

2-Methylthiolbenzamide (IX).—2-Methylthiolbenzoyl chloride 
(10-5 g.) in ether was added to an excess of aqueous ammonia 
(d0-880). The product crystallised from water (charcoal) in colour- 
less needles (8-4 g.), m. p. 149—150° (Found: C, 56-8; H, 5-3. 
(,H,ONS requires C, 57-4; H, 5-4%). 

Di - 2 - methylthioldibenzoylethylenediamine (XIIT).—Ethylene - 
diamine (4 g.) in ether was slowly added to an ethereal solution of 
2-methylthiolbenzoyl chloride (10 g.) and the resulting solid was 
washed with water, crystallised from dilute acetic acid and finally 
from alcohol, giving colourless needles (9-5 g.), m. p. 191—192° 
(Found : C, 59-7; H, 5-8. C,H, 90,N,S, requires C, 60-0; H, 5-6%). 

2-Methylthiolbenzonitrile (X).—2-Methylthiolbenzamide (7 g.) 
was refluxed in xylene (200 c.c.) with phosphoric oxide (10 g.) for 
5 hours. The solution was decanted and the xylene removed in 
seam. The residual material, crystallised from ligroin-ether, had 
n. p. 36° (Found: C, 63-9; H, 5-1. Cale. for C,H,NS: C, 64-4; 
H, 47%) (compare Ber., 1915, 48, 1247). 

The nitrile was also obtained when phosphorus pentasulphide 
was substituted for phosphoric oxide in the above preparation. 

2- Methylihiolbenzothioamide (XI). — 2 - Methylthiolbenzonitrile 
(5 g.), dissolved in alcohol (100 c.c.) containing sodium ethoxide 
(1 g.), Was saturated with hydrogen sulphide at —15°. The solution 
was heated under pressure at 90—100° for 4 hours and filtered when 
cold. The filtrate was evaporated under reduced pressure at 20°, 
and the residual oil extracted with ether. The material obtained 
mn evaporation of the ethereal extract was fractionally crystallised 
from ethyl alcohol, the lower-melting fractions, consisting of 
unchanged nitrile, being rejected; finally, the thioamide, m. p. 
128—131°, was obtained in yellow needles in poor yield (Found : 
8, 34-6. C,H,NS, requires S, 35-0%). 

2-0-Methylthiolphenyl-4 : 5-dihydroglyoxaline (X11).—(a) By direct 
Bars A solution of 2-0-thiolphenyl-4 : 5-dihydroglyoxaline 

T 
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(2 g.) in methyl alcohol (50 c.c.) and methyl iodide (3 c.c.) was heated 
on the water-bath till colourless (10 minutes). Water (25 c.c.) wa 
then added and the alcohol and excess of methyl iodide were distilled 
off. The hydriodide (2-9 g.) of the required material crystallise 
on cooling : after purification from water, it was obtained in large 
colourless plates, m. p. 208° (Found: I, 39-3. C,9H,,.N,S8,HI 
requires I, 39-7%). The base, obtained on addition of alkali to a 
aqueous solution of the hydriodide, crystallised from aqueous 
alcohol in colourless leaflets, m. p. 100° (Found: C, 62-0; H, 65 
M, 202. (©, )H,,N,S requires C, 62-4; H, 63%; M, 192). 

2-0-Methylthiolphenyl-4 : 5-dihydroglyoxaline is eadily solubk 
in hot water, giving a strongly basic solution. It forms a picrate 
which crystallises from acetic acid in yellow needles, m. p. 207° 
and an oily nitroso-compound. 

(b) From 2-methylthiolbenzothioamide. The crude thioamide was 
heated with an excess of ethylenediamine and a few drops of water 
until the evolution of hydrogen sulphide ceased. The excess of 
ethylenediamine was evaporated, and a solution of the residue in 
alcohol was boiled with charcoal and filtered. From the oily 
material which separated on cooling, a picrate, m. p. 206—207°, was 
isolated. A solution of the picrate in alkali was extracted with 
ether, and the ethereal extract shaken with hydriodic acid : the 
crystalline hydriodide which separated had m. p. 207—209°, alone 
or mixed with the hydriodide obtained in the preceding experiment, 
and yielded an identical base. 

The following synthesis obviated the isolation of the thioamide: 
A solution of 2-methylthiolbenzonitrile (1 g.) in ethyl alcohol (50 c.c; 
and ethylenediamine (1-5 c.c.) was saturated with hydrogen sulphide 
at —15°. The mixture was heated under pressure for 4 hours at 
110°. The viscous liquid obtained by concentration of the solution 
was extracted with hot hydrochloric acid, and the cold extract was 
mixed with an aqueous solution of potassium iodide; the required 
material was then precipitated as hydriodide (1 g.), from which the 
base, identical with that obtained by direct methylation, was 
isolated in the usual way. 

(c) From di-2-methylthioldibenzoylethylenediamine. Dry hydrogen 
chloride was passed into the molten diamide at 260—270° for 1 hour. 
The product was boiled with water and the solution was filtered 
from the tarry material, treated with charcoal, acidified, filtered, 
made alkaline, and extracted with ether; from the ethereal solution 
a picrate, m. p. 206°, was obtained which yielded the hydriodide 
of the methyl derivative. 

2 : 2’-00'-Dithiodiphenyl-4 : 5-dihydroglyoxaline (V).—A_ solution 
of bromine (0-96 g.) (1 mol.) in glacial acetic acid (8 c.c.) was gradually 
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added with stirring to 2-0-thiolphenyl-4 : 5-dihydroglyoxaline 
(2 g.) (2 mols.), dissolved in glacial acetic acid (8 c.c.). The pre- 
cipitate (2-6 g.) was crystallised from glacial acetic acid and finally 
from alcohol. The dihydrobromide of the required substance was 
thus obtained in colourless needles, m. p. 283° (Found: Br, 30-7; 
§, 12:3. C,,H,,N,8,,2HBr requires Br, 31-0; 8, 12-4%). Silver 
bromide is not precipitated on addition of silver nitrate to an aqueous 
solution of this hydrobromide except in presence of nitric acid. 
The same phenomenon was observed with the halide salts of other 
2-0-thiophenyl-4 : 5-dihydroglyoxalines. The hydrobromide (1-9 g.) 
on treatment with alkali yielded the disulphide base (1-0 g.), which 
separated from alcohol in yellow rhombic crystals, m. p. 198° 
(Found: C, 61-1; H, 5-5; N, 15-5; 8, 18-4. C,.H,,N,S, requires 
C, 61-0; H, 5-1; N, 15-8; S, 18:1%). The picrate has m. p. 
247—248° (decomp.). 

A small quantity of this disulphide was also obtained by fraction- 
ation of the crude material in the primary condensation. 

Action of Bromine on the 2-Thiophenyl-4 : 5-dihydroglyoxalines. 
Tricyclic Hydrobromide (XV).—A suspension of the disulphide (V) 
(2 g.; 1 mol.) in carbon tetrachloride (25 c.c.) was triturated with 
bromine (1 mol.) in carbon tetrachloride (6 c.c.). The material 
was collected and boiled with glacial acetic acid (10 c.c.) until a 
colourless solution was obtained. The tricyclic hydrobromide 
(1-7 g.) crystallised from the cold solution and was purified from 
alcohol, giving colourless needles, m. p. 259° (Found: Br, 30-9. 
Cj,H,N,S,HBr requires Br, 31-1%). A more convenient method is 
to brominate the disulphide in hot chloroform solution ; the tricyclic 
hydrobromide then crystallises at once. .An identical product 
was obtained when 2 : 2’-00’-dithiodiphenyl-4 : 5-dihydroglyoxaline 
hydrobromide (1 mol.) was treated with bromine (1 mol.) in glacial 
acetic acid, and the solution boiled. In contrast to the previous 
preparation, hydrogen bromide was evolved. 

The tricyclic hydrobromide yields a picrate, m. p. 241—242° 
(decomp.), liberates iodine from potassium iodide in presence of 
acetic acid, and is reduced by hydrogen sulphide to the hydro- 
bromide of the mercaptan (IV); with aqueous potassium iodide, 
the hydriodide is precipitated. When a concentrated solution of 
the latter is boiled, iodine is liberated. The hydrobromide (1-0 g.) 
on treatment with alkali (1 mol.) gave 2 : 2’-00’-dithiodiphenyl- 
4: 5-dihydroglyoxaline (0-35 g.) (V). 

Tricyclic Perbromide (XVIL).—2-o0-Thiolphenyl-4 : 5-dihydro- 
glyoxaline (2 g.) in warm glacial acetic acid (10 c.c.) was mixed with 
® solution of bromine (6 g.) in glacial acetic acid (40 c.c.): the 
mixture was boiled until complete solution had taken place, hydrogen 
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bromide being evolved. The material (4-4 g.) deposited on cooling 
was washed with ether and crystallised from glacial acetic acid, 
giving orange plates, m. p. 139—140° (Found : Br, 57-0; labile Br, 
36-0; 8, 7-8. C,H,N,S,HBr,Br, requires Br, 57-5; labile Br, 38-3 ; 
8S, 7:-7%). An identical product was obtained by similar treatment 
of the tricyclic hydrobromide (XV) with excess of bromine and also 
from the disulphide (V), but without evolution of hydrogen bromide. 
The perbromide (8-7 g.), when boiled with water (50 c.c.), yielded 
the tricyclic hydrobromide (3-0 g.). 

2-o-Methylthiolphenyl-4 : 5-dihydroglyoxaline (XII) on similar 
treatment with excess of bromine gave a material which crystallised 
from acetic acid in orange plates, m. p. 128—134° (Found: Br, 
56-0; labile Br, 36-2. Cj, 9H, .N,S,HBr,Br, requires Br, 55-4; labile 
Br, 36-9%). 

The hydriodide of the base (0-4 g.) in hot alcohol was treated with 
iodine (0-35 g.); on addition of ligroin, a brown crystalline material 
was obtained, m. p. 114° (Found: I, 66-45; labile I, 43-6. 
Ci9H,.N,8,HI,I, requires I, 66-3; labile I, 44-2%).. The hydriodide 
is regenerated by the action of sulphur dioxide on the periodide. 

Ktne’s Cottece, Lonpon. [Received, September 30th, 1929.] 





CCCLITI.—Polynuclear Cobalt Complexes containing 
Cobalt in the Anion. 


By EpmunpD GrorGeE VincENT Percivat and WILLIAM WARDLAW. 


SomE years ago, Durrant (J., 1905, 87, 1781) described the prepar- 
ation of a new green potassium cobaltic oxalate by treating a solu- 
tion of cobaltous oxalate in potassium oxalate solution with 
hydrogen peroxide at 65°. From his analytical data he concluded 
that the substance was either 


(a) [K,Co(C,0,),,2H,O],0 or (b) [K,Co(C,0,),,2H,0], 

where » was probably 2, and suggested the formulation 

CO,K-C(OH),*O ia. O-C(OH),-CO,K 

GOK -C{OH}.0>° O-Co<.0(0H),-CO,K 
It appeared to the present authors, however, that possibly the 
green salt might be potassium cobalto-oxalate with hydrogen 
peroxide of crystallisation, [K,Co(C,0,),],,H,0,,3H,O; the re- 
action was therefore reinvestigated, but the results indicate 
that the empirical formula (a) proposed by Durrant is correct 
and that the compound does not contain hydrogen peroxide of 
crystallisation. Instead, it is a polynuclear cobalt complex 
containing the cobalt in the anion, and as far as can be ascer- 





COMPLEXES CONTAINING COBALT IN THE ANION. 2629 


tained, it represents the first example of this type of compound 
amongst derivatives of cobalt. In view of the fact that Werner 
(Annalen, 1914, 406, 261) prepared a series of chromium oxalates, 
to which he assigned the formula R,[(C,0,),Cr<. OH Cr(C,0,)o], a 
similar structure is possible for our series, and the potassium salt 


would be K,[(C,0,),0o<Of>-Co(C,0,),],3H,0, in which cobalt has 


the usual co-ordination number of six. 

By double decomposition, in aqueous solution, green insoluble 
calcium, strontium, barium, lead, and silver salts can be prepared, 
and it is considered very unlikely that hydrogen peroxide would 
remain as an addendum during these changes. Durrant showed, 
and it is now confirmed, that freezing-point measurements indicate 
the presence of a five-ion compound, which is in agreement with 
the present theory of its structure. The work was extended to 
other organic acids, but whilst green solutions could be obtained by 
treating alkali cobalt succinates, tartrates, malates, acetates, citrates, 
and carbonates with hydrogen peroxide, the only other compound 
isolated was a green potassium cobalt oxy-malonate. This substance 
seems to be of the same type as the oxy-oxalate but is less stable. 

To determine whether iron behaved in a similar manner to 
cobalt, ferrous oxalate was dissolved in a potassium oxalate solution 


and then treated with hydrogen peroxide under various conditions, 
but basic ferric oxalates of variable composition were the only 


products formed. 


EXPERIMENTAL. 


Potassium Cobalt Oxy-oxalate-—Cobalt oxalate was slowly stirred 
into a solution of potassium oxalate (80 c.c. saturated at 20°), 
which was heated slowly to 100°, until no more dissolved on boiling. 
The magenta solution was filtered hot, and potassium oxalate 
solution (40 c.c.) added to the filtrate. The temperature was 
raised to 65° and hydrogen peroxide (20-vol.; 40 c.c.) was added 
slowly with stirring. The solution turned green, and the small 
crystals deposited on cooling were washed with water and dried ~ 
in a vacuum over calcium chloride. 

Analysis. (1) Cobalt was estimated as sulphate by treating the 
hydrated cobaltic oxide (obtained by boiling the substance with 
1% alkali) with sulphuric and nitric acids in an air-bath gradually 
heated to about 400°. (2) Potassium and cobalt were estimated 
jointly as sulphates by ignition of the substance and treatment of 
| the residue as previously indicated. (3) The total oxalate was 
estimated by titration as follows: the substance was covered with 
cold alkali (6), 5 parts of water were added, and the mixture was 
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warmed to 50°; cobalt was removed as the brown oxide, the filtrate 
concentrated, acidified with sulphuric acid, and titrated against 
N/10-permanganate. (4) Three-quarters of the total oxalate could 
be estimated by boiling the substance for 10 minutes with water, 
then adding alkali and repeating the above procedure; during the 
boiling with water, carbon dioxide was evolved as the result of 
oxidation of one of the four oxalate groups by the oxygen con- 
tained in the molecule. (5) Combustion in oxygen enabled estim- 
ation to be made of the water and also of three-quarters of the 
total carbon, since potassium carbonate remained as a residue. 
(6) Oxygen was estimated by titration of the iodine, liberated from 
potassium iodide in hydrochloric acid, against N/10-sodium thio- 
sulphate solution {Found : Co, 165; K, 22:0; H,O, 10-0; C,0,, 
49-3; O, 2-0; 3C,0, (titration), 37-3; ?C,0, (combustion), 37:1. 
Cale. for K,[Co,0(C,0,4),],4H,O : Co, 16:5; K, 21-9; H,O, 10-1; 
C,0,, 49°3; O, 2:2%}. No water was removed when the substance 
was kept for 7 days in a vacuum over phosphoric oxide. 

This complex is a dark green crystalline substance moderately 
soluble in water, the green solution. yielding a brown precipitate 
when heated to 70°. The green colour is changed to pink by 
mineral acids and acetic acid, and evolution of carbon dioxide 
occurs. No free oxalate can be detected in the aqueous solution 
on the addition of calcium chloride. 

Barium Cobalt Oxy-oxalate-——The foregoing potassium salt (3 ¢.) 
was dissolved in 200 c.c. of water by warming to 50°. To the cold 
solution barium chloride (15 c.c. of 5N) was added. The curdy 
light-green precipitate which was formed at once was washed with 
cold distilled water until free from chlorides, and dried in a vacuum 
over calcium chloride. 

Analysis. Barium and cobalt were estimated jointly as sulphates. 
Barium was weighed as sulphate after precipitation from a hot 
solution of the salt made slightly acid with hydrochloric acid. 
The water and three-quarters of the carbon dioxide were estimated 
by combustion in oxygen. Oxygen was estimated in the manner 
’ described for the potassium salt (Found: Co, 14-2; Ba, 33-0; 
H,0, 86; CO,, 33-0; O, 1-9. Ba,[Co,0(C,O,),],4H,O requires 
Co, 14:2; Ba, 33-0; H,O, 8-6; CO,, 31:7; O, 1-9%). 

Calcium Cobalt Oxy-oxalate-—The potassium salt (4 g.) was dis- 
solved in water (250 c.c.) by warming to 50°, and calcium chloride 
(CaCl,,6H,O; 2 g. in 20 c.c.) added to the cold solution. The 
floceulent precipitate was washed and dried as before. 

Analysis. Calcium and cobalt were estimated jointly as sulphates. 
Cobalt was precipitated as sulphide from a solution of the com- 
pound in dilute acetic acid containing excess of ammonium acetate ; 
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the sulphide was converted to sulphate by nitric and sulphuric 
acids in the usual manner. Carbon, water, and oxygen were 
estimated as in the previous cases (Found: Co, 17-9; Ca, 12-3; 
00,, 39°83; H,O, 13:9; O, 2-4. Ca,[Co,O(C,0,),],5H,O requires 
Co, 18:0; Ca, 12-2; CO,, 40-3; H,O, 13-7; O, 2-4%). 

Strontiwm Cobalt Oxy-oxalate—To an aqueous solution (300 c.c.) 
of potassium cobalt oxy-oxalate (4 g.), strontium nitrate (1-5 g.) in 
water (5 c.c.) was added. The precipitate was washed with 5 litres 
of water and dried in a vacuum over calcium chloride and phos- 
phoric oxide. 

Analysis. Cobalt and strontium were determined jointly as 
sulphates. After destruction of the oxalate by ignition, cobalt 
was precipitated as sulphide and converted into sulphate. Other 
estimations were effected as before (Found: Co, 15-3; Sr, 22:8; 
00,, 343; H,O, 141; O, 2-0. Sr,[Co,O0(C,0,),],6H,O requires 
Co, 15-3; Sr, 22-8; CO,, 343; H,O, 14-0; O, 2-1%). 

Lead Cobalt Oxy-oxalate—To the potassium salt (5 g.) in water 
(300 c.c.) lead acetate (5 g.) in water (20 c.c.) was added; the 
flocculent precipitate was washed and dried as before. 

Analysis. Lead and cobalt were determined as sulphates to- 
gether. Lead was estimated as sulphate by treatment of the 
compound with dilute sulphuric acid (Found : Co, 12:1; Pb, 42-6; 
00,, 35:1; H,O, 7-5; O, 1-4. Pb,[Co,O0(C,0,),],4H,O requires 
Co, 12-1; Pb, 42-6; CO,, 36-2; H,O, 7-4; O, 1-6%). 

Silver Cobalt Oxy-oxalate—To a solution of the potassium salt 
(4 g.) in water (300 c.c.), silver nitrate solution (4 g. in 20 c.c.) 
was added. The precipitate consisted of two forms, the one dark 
geen and crystalline, and the other light green and flocculent. 
These were separated, washed, and dried in the usual way. 

Analysis. Silver was estimated as chloride after solution of the 
compound in dilute nitric acid. After removal of the silver, cobalt 
was precipitated as sulphide in the presence of ammonium acetate 
and weighed as sulphate. The other constituents were determined 
as before. Both the amorphous and the crystalline sample had 
the same composition (Found: Co, 11:5; Ag, 41-9; H,O, 10-2; 
CO,, 33-4; O, 1-6. Ag,[Co,O(C,O,),],6H,O requires Co, 11-5; 
Ag, 42-0; H,O, 10-5; CO,, 34:3; O, 16%). 

The general properties of all these compounds prepared by double 
decomposition are similar. When suspended in water and heated to 
about 70° they are decomposed, giving a brown precipitate. They 
are also decomposed by mineral acids and acetic acid, forming a 
pink solution, and by sodium hydroxide, giving a brown precipitate. 

Potassium Cobalt Oxy-malonate.—Potassium cobaltous malonate, 
K,Co(C,;H,0,),,6H,O, was prepared thus: To a solution of malonic 
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acid (100 g.) in water (200 c.c.) potassium carbonate (66 g.) wa 
added slowly, followed by cobalt carbonate (53 g.) with heating and 
stirring. The mixture was boiled and filtered hot, and the fing 


red crystals which separated on cooling were washed with watey 


and dried. Further crops were recovered from the mother-liquor, 

To potassium cobaltous malonate (10g.) dissolved in water (30 c.c.) 
“‘hyperol”’ (hydrogen peroxide-urea containing 35% of H,0, 
12 g.) was added slowly in the cold, and the mixture gently warme; 
to 40°. A vigorous reaction took place, and the flask was immedi 
ately cooled. The cold green solution thus obtained was poured 
into a mixture of ether (300 c.c.) and alcohol (100 c.c.), and the 
green layer well stirred. The supernatant colourless alcohol-ethe; 
mixture was removed, and alcohol (100 e.c.) then added. This 
caused the separation of a green solid, which was washed with 
alcohol (95%) to remove urea and dried in a vacuum over calcium 
chloride aud phosphoric oxide. 


Analysis. The method employed was as described for the oxy. 


oxalate (Found : Co, 14-6; K, 19-4; CO,, 54:2; H,O, 22-6; O, 05, 
K,[Co,0(C3;H,0,),4],6H,O requires.Co, 14-6; K, 19-4; CO,, 544; 
H,O, 22-3; O, 20%). It is seen that the percentage of oxygen 
calculated from the amount of iodine liberated from potassium 
iodide in acid solution is low. It is suggested that the oxygea 
of the oxy-salt oxidises the carbon atom carrying the two labik 
hydrogen atoms of the malonic acid residue. 

The oxy-malonate is much more soluble than the corresponding 
oxy-oxalate. It is sage-green and gives an olive-green aqueous 
solution which is more readily decomposed on warming than the 
oxy-oxalate solution. Even on standing, the aqueous solution 
decomposes in a few hours. The green colour is discharged by 
acids, carbon dioxide being evolved and a pink solution produced. 
A brown precipitate is formed on the addition of sodium hydroxide 

Attempts to prepare other metallic derivatives by double de- 
composition failed because of the instability of this solution o 
potassium cobalt oxy-malonate. 


Physicochemical Measurements. 

Cryoscopic determinations of apparent molecular weights wer 
made in aqueous solution. In the data below, C is the concentration 
of the substance (g./100 g. of water), M; the apparent molecular 
weight, and 7 the osmotic factor. 

Potassium cobalt oxy- 
oxalate. Potassium cobalt oxy-malonatz. 


0-510 0-634 0-781 2-129 4-300 4-730 5-810 6-793 
158 159 162 128 133 148 139 150 
4-5 4-4 6-3 6-1 5-4 5:8 5-4 
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Molecular conductivities. 
Potassium cobalt oxy-oxalate at 25°. 
87-8 178-4 702-4 1427-2 
337 359 386 385 
Potassium cobalt oxy-malonate at 0°. 
28-4 40-8 56-8 81-6 
166 186 193 199 


113-6 227-2 454-4 908-8 1817 
227 243 241 246 
Discussion of Resulis.—Since the osmotic factor for the oxy- 
oxalate is between 4 and 5, it appears that the complex splits up 
into 5 ions, in agreement with the present conception of its structure. 
The molecular-weight data for the oxy-malonate, however, appear 
to indicate that some decomposition occurs even at 0°. 
The values for the molecular conductivity are low in both cases, 
as would be expected from the presence of a heavy complex anion. 
Although, as already mentioned, a number of organic acids yield 
green solutions under the same conditions as do oxalic and malonic 
acids, nevertheless the isolation of pure complex salts from such 
solutions is a matter of great difficulty owing to the instability of 
the oxidised products. Moreover, the insolubility of the alkali 
cobaltous salts, in other casés, renders the experimental methods 
here described unsatisfactory for the preparation of the complex 
oxy-salts. 


The authors wish to express their thanks for the award of a 
Priestley scholarship to one of them (E.G. V. P.). They are also 
indebted to the Chemical Society for a grant in aid of this in- 
vestigation. 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, September 20th, 1929.] 





CCCLIV.—Chemical Kinetics of the System 
Ag,CO, == Ag,O + CO,. 


By WitFReD DEVONSHIRE SPENCER and Bryan TOoPLeY. 


THE object of this work was to study the reaction rate in a reversible 
chemical change involving solid reactants. The dissociation of 
silver carbonate was selected on the following grounds: it was 
expected that the decomposition and recombination would be free 
from the complication of consecutive and side reactions (actually it 
was found that the oxide decomposed into metallic silver to a very 
slight extent during the time of an experiment at the highest 
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temperature used, but this had no effect upon the primary reaction) ; 
the material can be crystallised under conditions such that it should 
be very free from adsorbed impurities other than water; and the 
reaction takes place at a measurable speed within a temperature 
range where equilibrium in the system corresponds to conveniently 
measurable pressures of carbon dioxide. The reaction has been 
studied from the following points of view: (1) the importance of 
the interface between the two solid phases; (2) the kinetic nature 
of the equilibrium; (3) the influence of water vapour; (4) the 
influence of temperature; (5) variations in the behaviour of different 
preparations of silver carbonate. 

Previous observations on the dissociation of silver carbonate 
include those of Colson (Compt. rend., 1901, 132, 467; 1905, 140, 
865), Centnerszwer and Bruzs (Z. physikal. Chem., 1926, 123, 111; 
J. Physical Chem., 1925, 29, 733), Centnerszwer and Krustinson 
(Z. physikal. Chem., 1926, 124, 225). Where a comparison is 
possible, our observations are in agreement with the previous work, 
but the conditions of the kinetic measurements in the earlier 
experiments are not precisely specified. 


ExPERIMENTAL. 


The reaction was followed by the change in weight of a sample 
of the solid lying in a very light concave glass container attached 
to a quartz spring balance of the type used by McBain. The 
details of its construction were similar to those described by Topley 
and Whytlaw-Gray (Phil. Mag., 1927, 4, 873), with the addition 
of an optically plane glass window and a reaction vessel sealed to the 
glass microbalance case. The sensitivity of the quartz spring and 
cathetometer was one part in 10,000 parts of the load of 100 mg. 
carried by the spring, so that the method is both direct and sensitive. 
The reaction vessel was a hard-glass tube attached vertically below 
the microbalance case by means of a wide mercury-sealed ground 
joint. The total volume of reaction vessel, microbalance case, 
manometer, and connecting tubes was large enough to make the 
concentration of the carbon dioxide formed in a reaction negligible 
in those experiments in which it was not immediately pumped off. 
The temperature was controlled by hand regulation of a vertical 
tubular electric furnace, and measured by means of copper-—con- 
stantan thermocouple junctions. The furnace, lined with a thick 
copper tube to equalise the temperature, was counterpoised by four 
weights and pulleys built into an iron frame, so that it could be 
raised and lowered smoothly round the reaction vessel. The 
latter communicated by all-glass connexions with a mercury-vapour 
and a “ Hyvac ” pump, and with a manometer, McLeod gauge, and 





CHEMICAL KINETICS OF THE SYSTEM Ag,00, === Ag,0 + CO,. 2635 


reservoir of carbon dioxide. The carbon dioxide was stored over 
phosphoric oxide, and could be admitted at any pressure up to 
300 mm. Water vapour was admitted when required, either in 
traces from a small gas container, or up to 15 mm. from a bulb con- 
taining liquid water. Between the microbalance case with its 
attached reaction vessel and the remainder of the apparatus a glass 
spiral was inserted, which could be cooled in liquid air acting as a 
mercury-vapour trap when prolonged evacuation was necessary. 
The method of starting an experiment was to admit carbon dioxide 
to a pressure exceeding the dissociation pressure corresponding to 
the selected temperature, and then to raise the furnace; when the 
temperature had become steady the carbon dioxide was pumped 
out and the reaction started—the uncertainty in the time of starting 
was less than one minute. 

Preparation of Silver Carbonate.—Crystalline silver carbonate 
was prepared from a solution of the bicarbonate. Amorphous silver 
carbonate (from equivalent volumes of N/10-solutions of silver 
nitrate and potassium or sodium carbonate) was well washed and 
suspended in 10 1. of water into which carbon dioxide was passed 
for some days. Carbon dioxide was removed from the filtered 
solution in a large vacuum desiccator; silver carbonate was then 
deposited on standing as small crystals showing little tendency to 
twinning, and these were dried in a vacuum at room temperature. 
The same amorphous silver carbonate was used repeatedly in this 
way for the preparation of fresh crops of crystals, in the expectation 
that the successive products would become rather more free from 
ionic impurities adsorbed in the amorphous material. 

Various other preparations were made by a method which should 
favour the retention of adsorbed ions: N/60-solutions of silver 
nitrate and of potassium bicarbonate were saturated with carbon 
dioxide, cooled in ice, and mixed very slowly while carbon dioxide 
was passed through the solution; the crystalline product which 
separated over-night was similar to that obtained by the other 
method. 

Centnerszwer and his co-workers (locc. cit.) give complete analyses 
of samples prepared in ways similar to these, and also by crystallis- 
ation from ammonia solution; the results show that the product is 
too pure for adsorbed impurity to be detected by a discrepancy in 
the analysis. As a confirmation, one of the samples used in the 
present work was ignited (Found : Ag, 78-19. Calc. : Ag, 78-24%). 

The average radius of the crystals, assumed spherical, was 
determined by Stokes’s law and found to be of the order 0-003 cm. 
for all the preparations used. 

In connexion with some of the experimental work, accurate data 
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were required for the dissociation pressure of the crystalline material, 
The available measurements are those of Colson (loc. cit.), over the 
range 132—218°, and of Centnerszwer and Krustinson, by a more 
accurate dynamical method, over the range 190—220°. The 
latter authors give a formula of the Nernst approximation type, 
which, however, is not quite in agreement with their own results 
at the highest temperatures or with the data of Colson at lower 
temperatures; we have therefore interpolated from their data and 
extrapolated to lower temperatures by the Ramsay—Young formula, 
using mercury as a reference substance, and have obtained the 
following values, which agree with those given by Colson below 
190° : 

ROG 000002000 130° 140° 150° 160° 170° 180° 190° 200° 210° 216-3° 
Press.(mm.) 20-7 33-7 53-0 81:5 123 192 284 416 603 760 


The Decomposition of Crystalline Silver Carbonate in the Absence of 
Carbon Dioxide.—To avoid confusion we have throughout used the 
words “decomposition”? and “recombination” to refer to the 
chemical change actually measured; for the separate and simul- 
taneous reactions Ag,CO, == Ag,O + CO, we have used the terms 
“ forward ” and “ reverse’ reactions. 

Experiments have been made with different preparations of silver 


carbonate, at different temperatures, and with different concentra. 
tions of water vapour present in the reaction vessel. In general 
there is a slight induction period, followed by a smooth curve, the 
slope of which decreases gradually at first and then more rapidly 
towards the end of the reaction. The curves can be divided roughly 
into two groups—‘‘ normal,” in which the form agrees with a 
theoretical equation discussed in the next paragraph, and 
“abnormal,” in all of which the rate falls off much more rapidly 
than corresponds to the equation. This complication arises from 
the fact that the progress of the reaction is influenced by the presence 
of water vapour; it is not here a question of intensive drying—the 
effect is characteristic rather of an adsorption equilibrium in which 
pressures of water vapour up to several mm. of mercury are required 
to produce an approach to saturation. The action of water vapour 
is discussed later, but it may be stated here that whether or not the 
actual chemical reaction is catalysed by water vapour, the progres- 
sive retardation of decomposition which appears in the curves 
referred to as “abnormal” can be diminished or prevented by 
having present in the reaction vessel a sufficient concentration of 
water vapour. The minimum concentration necessary varies with 
different preparations of silver carbonate and increases with the 
temperature of decomposition. The “normal” form of decom- 
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position curve is a limiting form to which the decomposition can be 
made to approximate by suitable adjustment of the conditions— 
apart from the initial short period of acceleration, which only 
becomes important at the lowest temperatures employed. 

It is a very probable assumption that decomposition takes place 
from the outside of a particle inwards, and further, that, provided 
the carbon dioxide is able to escape rapidly from the region of 
chemical change, the reaction spreads inwards at a constant linear 
rate. The different types of decomposition curve to be expected 
in these circumstances have been discussed by Topley and Hume 
(Proc. Roy. Soc., 1928, A, 120,211). For the case in which reaction 
begins at many points simultaneously on the surface of each 
particle, we have 


vr={1—Wl—at. . ... (I) 


where « is the fraction decomposed at time ¢, v the linear rate of 
propagation of the reaction, and r the radius of the particles. This 
applies strictly only to spherical particles of uniform size, but is 
approximately true as an average result when factors such as the 
irregular shape and the difference of rate parallel to different crystal 
axes are averaged over the large number of particles (10°—10®) 
contained in the reacting material. 

Tables I and II contain the results of typical experiments. The 
first two columns give the time ¢ in minutes and the corresponding 
value of «, and the third contains values of the “ linear reaction 
velocity coefficient” v/r (min. x 1000), calculated by equation 
(1). The pressure of water vapour admitted at the beginning of 
each experiment (pp,o) is in mm. of mercury. For convenience in 
discussion, the experiments are labelled “ normal ”’ or “ abnormal,” 
according to the type of curve which represents them (see p. 2636). 
Some experiments, really of an intermediate type, are classed as 
“normal” because, although v/r decreases somewhat during the 
course of the reaction,* the fall is much less pronounced than in the 
“abnormal” experiments. It is not implied that the two types of 
reaction curve correspond to any essential difference in reaction 
mechanism. 

It is shown later that the velocity of decomposition is very 
sensitive to the presence of carbon dioxide; when, therefore, the 
decomposition is of the “ normal” type, it follows that the carbon 


* Lack of uniformity of crystal size would cause v/r to decrease during the 
reaction, although not in the rapid way characteristic of the “ abnormal ” 
curves; but if, owing to micro-fissures in the crystals, the effective particle 
size is much smaller than the crystal size, then it becomes a question of the 
uniformity of the former, and probably the chemical reaction is itself the 
only source of information about this. 








SPENCER AND TOPLEY : 


TaBieE I. 
Expt. 1. Expt. 2. Expt. 3. 


Prep. A. Pu3,0 = Omm. Prep. A. poo =Omm. Prep. A. proo = 0 mm. 
Temp. 147-0°. Normal. Temp. 158-0°. Normal. Temp. 168-8". Normal. 


a. v/r. t. a. v/r. 
0-056 5 0-130 9-0 
0-115 10 0-247 . 
0-243 20 0-468 : 
0-365 30 0-642 
0-572 40 0-750 
0-778 60 0-847 
0-860 80 0-908 
0-910 


a. 
0-002 
0-036 
0-110 
0-274 
0-424 
0-580 
0-716 
0-817 
0-894 
0-940 


Expt. 4. Expt. 5. Expt. 6. 


Prep. A. pro =Omm. Prep. B. puro =8mm. Prep. B. pao = 10 mm, 
Temp. 179-3°. Normal. Temp. 172-3°. Normal. Temp. 193-3°. Normal. 


0-197 14-1 10 0-087 5 0-102 
0-410 16-1 20 0-165 10 0-217 
0-575 16-6 40 0-278 20 0-403 
0-690 16-2 60 0-364 30 0-534 
0-812 14-2 100 0-514 - 50 0-749 
0-895 10-6 150 0-637 70 0-883 
200 0-765 100 0-971 
250 0-885 
300 0-938 
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Expt. 8. Expt. 9. 


— Prep. C. puoo = 1mm. Prep. C. paoo = 1 mm. 
Prep. B. paoo = 10mm. Temp. 172-8°. Temp. 183-2°. 
Temp. 204-0°. Normal. Abnormal. Abnormal. 


5 0-170 12:1 0-021 5 0-030 
10 0-353 13-1 0-038 10 0-056 
15 0-497 13-7 0-067 20 0-098 
20 0-630 14-1 0-087 30 0-130 
25 0-737 14-4 0-104 40 0-158 
30 0-817 14-4 0-121 50 0-184 
40 0-920 14-2 0-137 
50 0-963 13-3 0-150 


Expt. 10. Expt. 11. Expt. 12. 


Prep. C. pro = 5mm. Prep. C. pax = 10mm. Prep. C. paoo = 10 mm. 
Temp. 193-6°. Normal. Temp. 204-0°. Normal. Temp. 214-3°. Normal. 


5 0-055 8 0-097 76 5 0-152 
10 0-115 ‘0 0-189 i} 10 0-297 
15 0-163 “9 0-261 P 15 0-396 
20 0-196 5 0-320 , 20 0-462 

‘9 
“1 
8 
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30 0-263 0-366 , 25 0-523 
40 0-323 
50 0-366 


0-408 P 30 0-568 
0-467 ‘ 


dioxide must at all stages of the reaction be able to escape into the 
gas phase and be removed from the region of reaction as soon as it is 
produced. On the other hand, when a reaction is progressively 
retarded and virtually comes to an end before all the silver carbonate 





CHEMICAL KINETICS OF THE SYSTEM Ag,00, == Ag,0 + 00,. 2639 


TaBe II. 


Experiments at 224-5° with Preparation C, and with different 
concentrations of water vapour present. 


Expt. 13. Expt. 14. Expt. 15. 

Po = 0mm. Pro = 2mm. Poo = 3 mm. 
a. v/r. t. a. v/r. t. 
0-074 12-7 2 0098 16-9 2 
0-149 =10- 5 0-154 5 
0-247 . 10 0-230 10 
0-330 . 17 =: 0-306 17 
0-406 ° 25 0-381 25 
0-491 ° 35 =: 0-454 35 
0-562 . 50 0-570 50 

0-687 , 7 0-684 

0-830 


~ 
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Expt. 16. Expt. 17. 

Puoo = 4-5 mm. Pro = 6 mm. Pro = 9 mm. 
0-079 : 0-079 13-6 2 0-090 §=615-5 
0-216 ° 0-188 13-4 5 0-263 17-3 
0-366 . 0-348 813-3 8 0-373 18-0 
0-505 ° 0-483 ~=—s I 1- 12 0-492 16-8 
0-602 ° 0-574 . 16 0-561 15-0 
0-700 ° 0-629 . 20 0-625 14-0 
0-818 , 0-684 . 25 0-697 13-1 

30 0-742 12-1 


Expt. 19 (pa20 = 13 mm.). Expt. 20 (pu.o = 15 mm.). 
a. vr. . a. vir. 


0-080 14-0 0-086 14:8 
0-208 15-0 0-216 19-5 
0-320 15-0 0-307 19-2 
0-370 14-3 0-382 18-5 
0-484 13-2 0-465 17-1 
0-560 12-0 0-557 15-9 
0-612 10-8 0-636 14-3 
0-660 10-0 0-730 12-6 

0-780 11:3 


has decomposed, there are two possibilities. (1) The carbon dioxide 
is not able to escape through the surrounding oxide fast enough to 
prevent the accumulation of a certain local concentration of gas in 
the reaction zone, until the increasing rate of diffusion outwards 
balances the decreasing rate of formation; this diffusion rate must 
then be considered to be a function of the amount of adsorbed 
water in the outer layer of silver oxide, and hence of the water- 
vapour concentration. (2) The retardation arises from a failure of 
water vapour to penetrate through the increasing thickness of oxide 
into the reaction region, it being now assumed that the presence of 
water actually at the seat of the reaction is essential. These two 
possibilities, which are, of course, not mutually exclusive, are 
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referred to later; in the meantime, the mechanism of reaction and 
the nature of the equilibrium will be discussed in terms of the 
uncatalysed reaction, since the conclusions reached are easily 
restated to include an intermediate step in the reaction, involving, 
for example, silver hydroxide. 

Evidence that the Reaction is of the “‘ Interface” Type.—The fact 
that in the “normal” curves the quantity v/r.is constant shows 
that the reaction takes place in the surface layers of the silver 
carbonate still remaining, and that the carbon dioxide does not 
accumulate in that place. An important question is whether the 
reaction involves an actual interface between the silver carbonate 
and the silver oxide, or whether it is sufficient that there should be 
a free silver carbonate surface from which carbon dioxide escapes by 
@ process analogous to evaporation. Langmuir (J. Amer. Chem. Soc., 
1916, 38, 2222) has pointed out that the fact that the equilibrium 
pressure is independent of the relative amounts of the two solid 
phases could be accounted for by assuming that the reaction (in 
both directions) takes place only at an interface between the two 
solids, so that the area available for reaction is always the same for 
both. Langmuir’s suggestion does not take into account the 
adsorption phenomena associated with the chemical reaction, but 
the point remains that the non-formation of solid solutions of oxide 
and carbonate makes it very probable that the seat of the reaction 
is the interface between the two solids. But there is more direct 
evidence based upon the acceleration in the reaction rate which can 
be observed in the system Ag,CO,; == Ag,O + CO, in certain 
circumstances. The argument is that, if it can be shown that 
under some conditions an interface reaction does actually occur in 
this system, then it is reasonable to suppose that the reaction is 
mainly conditioned by the interface, even when direct proof of this 
is lacking. The spontaneous formation of “ nuclei” of the second 
solid phase is of course equivalent to the reaction proceeding to some 
extent without the intervention of the interface; but such reaction 
centres might form only on exceptional spots on the surface (e.., 
where the effective curvature is very great) and yet be present in 
numbers sufficient to obscure the acceleration expected in an inter- 
face reaction, very shortly after the beginning of the reaction. 
The accelerating period observed at the beginning of a decomposition 
is usually very slight, but in some circumstances it becomes much 
more pronounced. At low temperatures the decomposition curve 
of the crystalline carbonate begins to show the characteristic sigmoid 
shape. Expt. 1 at 147° shows a marked acceleration up to above 
10% of the complete reaction. With the “synthetic” silver 
carbonate produced in the recombination of the oxide with carbon 
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dioxide, pronounced sigmoid curves are obtained in the decom- 
position at low temperatures or in the presence of small concen- 
trations of carbon dioxide. Again, in the recombination reaction 
very definite accelerations are obtained in reactions carried. out 
with pressures of carbon dioxide not greatly in excess of the equili- 
brium pressure. Further evidence that the recombination reaction 
is essentially of the interface type is obtained in experiments in 
which carbon dioxide is introduced into the reaction vessel after the 
decomposition has begun, and is referred to later. 

Accelerating reaction in a system of the type Solid,,, = Solid,,, + 
Gas is most reasonably interpreted as being due to the spreading 
outwards of the reaction from centres at which it is initiated; the 
tendency to react in this way must arise from the forces operating 
in the two solids concerned, and is therefore proper to the system, 
at least over the range of temperature in question. 

The Influence of Water Vapour in promoting the Reactivity.—It is 
well known that the reactivity of carbonates and oxides in general 
is greatly influenced by water vapour ; in the case of silver carbonate, 
the catalytic effect of water vapour has frequently been reported. 
Colson (loc. cit.) noticed that although the system silver carbonate— 
silver oxide would establish a reproducible dissociation pressure 
when equilibrium was approached from the silver carbonate side, a 
satisfactory equilibrium could not be realised by the combination 
of silver oxide and carbon dioxide unless moisture was present, and 
also that equilibrium from either side was approached more slowly 
if the system had been dried by phosphoric oxide. We have found 
that both decomposition and recombination are affected by water, 
but not in the same way. Much smaller partial pressures produce 
the full effect in the latter case, which is kinetically different from 
the decomposition. In this paper only the decomposition measure- 
ments with crystalline silver carbonate are discussed. The results 
of a large number of observations may be summarised as follows : 
the retardation in the absence of added water vapour is much more 
marked in the later stages of a reaction than at the beginning; a 
reaction without added water vapour may start at about the same 
rate as when water is present, but then become slower and appear 
to come almost to an end before all the carbonate is decomposed. 
The effect varies with different preparations, and is usually more 
pronounced at the higher temperatures (200—230°) than at the 
lower (150—200°). 

The experiments in Table II, performed at a relatively high 
temperature and with Preparation C, so that the definitely 
“abnormal” type of curve is obtained in the absence of water 
Vapour, may be summarised as follows, the rates (as percentage 
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decomposition per min.) being given at specified proportions of 
complete decomposition : 


15-0 


3 

3 
. . . ° “$ ° 3 
24 24 “34 33 “45 38 43 
The influence of water vapour becomes more marked as the 
amount of silver oxide increases; the results, in spite of their 
irregularity, also indicate that the effect of water tends towards a 
limit in a manner suggesting that it depends upon adsorption tend- 
ing to saturation. The actual amount of water vapour adsorbed by 
the reaction sample is too small to be measured in the case of the 
carbonate, and is about 0-1% of the weight of silver oxide at py,. = 
10 mm. 

The conclusion that, qualitatively, the concentration of water 
vapour required to produce the maximum decomposition rate 
increases as the amount of silver oxide increases, is borne out by 
other experiments in which the watér was introduced at various 
stages of the “ dry” decomposition. This effect receives a very simple 
explanation if it is supposed that the removal of carbon dioxide 
from the reaction interface by surface diffusion on the silver oxide 
particles is facilitated by the adsorption of water vapour upon the 
oxide, possibly in a form equivalent to a surface layer of silver 
hydroxide (see Riley, Phil. Mag., 1927, 3, 459). The necessary 
condition for a “ normal” reaction uninhibited by the overlying 
oxide is that carbon dioxide should diffuse away rapidly in com- 
parison with its rate of formation ; the fact that, in general, a larger 
concentration of water vapour is required at the higher temperatures 
is in keeping with this, since the adsorption of water vapour will 
presumably be less, and the rate of the interface reaction increases 
more rapidly with temperature than the rate of the diffusion process. 
It seems to us that these considerations provide a possible explan- 
ation of the negative temperature coefficient found by Centnerszwer 
and Bruzs (loc. cit.) for the decomposition of amorphous silver 
carbonate between 240° and 260°. At these temperatures the 
amount of water vapour required might be considerable, and water 
vapour was not added. As the temperature is increased, the 
relative state of dryness of the material is increased, so that the 
reaction is actually made slower ; above 260° the exponential increase 
of reaction rate with temperature again outweighs the effect of 
dryness; hence the apparent anomaly of a temperature coefficient 
being first positive, then negative, then again positive. 

Tt does not seem possible by experiments upon crystalline silver 
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carbonate to decide whether there is a true catalysis of the reaction 
itself, such as would be represented by the scheme Ag,CO, + H,O —> 
pAgOH + CO,] —> Ag,O + H,O + CO, (or some less definite 
mechanism depending upon the field of force round an adsorbed 
water molecule), or whether the function of the water is merely 
subsidiary, its action being to facilitate movement of carbon dioxide 
away from the interface. (An attempt will be made to measure 
the rate of surface diffusion of carbon dioxide upon silver oxide in 
the presence of different concentrations of water vapour.) Silver 
carbonate prepared from aqueous solution, however, is certain to 
contain some included water, so that as the decomposition is pro- 
pagated through the crystals there will probably always be some 
water present in the interface. The case is different with the 
“synthetic ” silver carbonate which can be prepared in a very dry 
state by carbonating the oxide, and results with this suggest that 
water is not required for the interface reaction or for the formation 
of “ nuclei” which initiate it. 

Differences in the Behaviour of Different Preparations.—With any 
f one preparation the results are reproducible within certain limits : 
in Table II the initial velocities vary from 13 to 17, and in Table III 
(R)) from about 2 to 4. It was noticed that the length of time 
during which the sample is heated in dry carbon dioxide above the 
dissociation pressure has some (rather irregular) influence upon the 
subsequent rate; a possible reason is the “annealing out” of 
strains produced in the crystal lattice during growth. Another point 
is that during the heating in the atmosphere of carbon dioxide there 
is a slight decomposition which stops completely after a time. This 
is almost certainly due to the higher dissociation pressure at the 
edges and corners of the crystals; at relatively low temperatures, 
where the pressure of carbon dioxide is from 5 to 20 times the 
dissociation pressure, this slight decomposition does not take place, 
but when the external pressure exceeds the dissociation pressure by 
only 10—20% it invariably occurs. 

When a comparison is made of the behaviour of different pre- 
parations made in as nearly as possible the same way, very con- 
siderable differences appear. Thus, under the same conditions of 
temperature and water-vapour concentration, Preparation A 
decomposed 4 times more rapidly than B and 8 times faster than C. 
These are average results, unaffected by the random irregularities 
referred to above. The influence of water vapour was more marked 
with C than with the other preparations. 

It is known that the rate of chemical change in solids may be 
profoundly modified by the adsorption of ions during growth 
(Macdonald and Hinshelwood, J., 1925, 127, 2764). The possibility 
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that, with silver carbonate, ions from the solution are included jn 
the lattice and affect the rate, was tested by using excess of one or 
other of the reagents in the precipitation, but in no case could a 
correlation between behaviour and mode of preparation be traced, 
(This applies to the definitely crystalline material; amorphous silver 
carbonate and the product obtained by recarbonating the oxide 
show a somewhat different kinetic behaviour.) 

Mechanism of the Forward and Reverse Reactions, and the Equilibrium 
—Experiments in which the effect upon the reaction rate of a partial 
pressure of carbon dioxide different from the equilibrium pressure 
was studied suggested the following view of the reaction mechanism. 
Carbon dioxide is assumed to have free access to the interface by 
rapid diffusion on the surface of the silver oxide. The limitations 
of this assumption have already been discussed in connexion with 
the action of water, but the important point is that under “ normal ” 
conditions the carbon dioxide must be able to penetrate the silver 
oxide layers freely, as is proved by the form of the ‘‘ normal ”’ curves, 
We assume that an adsorption equilibrium is set up, by which a 
fraction of the area of the carbonaté—oxide interface is covered by a 
unimolecular layer of carbon dioxide. Adsorption of more than 
one layer does not come into question, because if there is space 
available for more than one layer between the oxide and the 
carbonate the distance separating carbonate and oxide ions would 
exceed the range of the forces round the ions, and this would not 
constitute an interface effective for chemical reaction. The adsorp- 
tion reaches equilibrium in a time short compared with the duration 
of the reaction which is being measured; consequently, as the 
reaction proceeds and the interface moves through the silver car- 
bonate, the adsorption equilibrium is unchanged, the concentration of 
carbon dioxide in the gas phase being kept sensibly constant. The 
assumption of a ready transfer of carbon dioxide to and from the 
interface does not seem to present a difficulty, in view of the work of 
Volmer (Z. physikal. Chem., 1925, 115, 253) and of Adhikari and 
Felman (ibid., 1928, 131, 347) on the surface diffusion of molecules 
adsorbed on solid surfaces. 

In the interface, ions belonging to the silver carbonate lattice 
vibrate towards the surface of the silver oxide lattice; in so doing 
they lose some of the stability proper to ions of the carbonate lattice. 
If the kinetic and potential energy conditions are favourable, there 
will be a tendency for these ions, when they closely approach the 
oxide lattice side of the interface, to assume a new stable arrangement 
appropriate to the oxide lattice; a carbon dioxide molecule set free 
in this rearrangement becomes indistinguishable from any other 
carbon dioxide molecule taking part in the adsorption equilibrium. 
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On this view, the vibration of ions from the carbonate lattice on to 
a part of the oxide lattice not covered by adsorbed carbon dioxide 
may (subject to unknown energy and steric conditions) result in 
chemical reaction in the sense of the equation Ag,CO, —> 
Ag,0(CO,)adsorbea == Ag,O + CO,. But if the part of the oxide 
lattice towards which the vibrating ions move happens at that 
moment to be covered by an adsorbed molecule, then the essential 
condition for chemical change is not satisfied, and no contribution to 
the progress of the reaction is made. The reverse reaction Ag,O + 
CO, == Ag,0(CO,)adsorbea —> Ag,CO, is analogous, the formation 
of carbonate occurring only where adsorbed carbon dioxide happens 
to be in immediate juxtaposition to the ions vibrating from the oxide 
on to the carbonate lattice. 

Writing R, and R, for the separate velocities of the two simul- 
taneous reactions, and o for the total area of the interface, we have 
R, = K,(1 — y)o and R, = K,yo, where y is the fraction of the 
oxide surface in the interface which is covered by adsorbed carbon 
dioxide at the pressure p of carbon dioxide in the gas phase. The 
observed rate of decomposition is the difference, 7.e., 


R= Rk, — Ry = o{K, —>(K, + K,)} ~~ (2) 


The fraction y is related to the pressure of carbon dioxide in the 


gas phase. Since only adsorption in a single molecular layer is 
considered, it seems reasonable to try an adsorption equation of the 
Langmuir type, ky = k’(1 — y)p, where & and k’ are constants 
depending on temperature and characteristic of the adsorption of 
carbon dioxide in the interface (not on the free surface of silver oxide). 


This is equivalent to 
y=Pi(pt+k/e) . . 2. . « (3) 


The rate of decomposition when p = 0 is R, = oK,, hence R/R, = 
1— y(1 + 1/K), where K = K,/K,. Substitution of the value of 
y from (3) then gives 

R/Ry = (1 — k'p/Kk)/(l + k’p/k). . ~  (4) 
At the equilibrium (dissociation) pressure p,, R becomes 0, therefore 


| — k'p,/Kk = 0 or k/k' = p./K. Substituting this value of k/k’ 
in equation (4), we have 


R/Ry = (Pe — P)/|(Pe + Kp). . « « (5) 


The equilibrium dissociation pressure is thus a function of the 
adsorption constants in the Langmuir isotherm and of the ratio 
of the coefficients for the forward and reverse reaction rates per unit 
area of the interface respectively free from, and covered by, adsorbed 
arbon dioxide. Two points require mention. (1) The use of 
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an adsorption equation of the Langmuir type is compatible with the 
assumption of rapid diffusion of the adsorbed molecules in thg 
interface, although in the present case the adsorption equilibriu 
must be considered to be reached through the “ three-phase line’ 
discussed by Schwab and Pietsch (Z. Elektrochem., 1929, 35, 135 
and by Bradley (Phil. Mag., 1929, 8, 202). (2) The hypothesis 
that decomposition occurs only in the part of the interface which is 
free (at any moment) from adsorbed carbon dioxide implies also 
that if an indifferent gas is adsorbed in the interface, then to th¢ 
extent to which silver oxide is covered, the forward reaction is 
inhibited. But since the area so covered is available neither for the 
forward nor for the reverse reaction, it is easily shown that the 
equilibrium pressure is unaltered. This is a condition which a theory 
of the reaction mechanism must fulfil, because a change in the 
equilibrium pressure compensated for by the free-energy change on 
adsorption of the indifferent gas would not be a permissible assump. 
tion, since the latter is a function of the area of the interface, whereas 
the mass of silver carbonate decomposed is thermodynamically 
independent of this area. . 

Equation (5) has been tested by the data of three series of experi- 
ments carried out as follows: the decomposition is started under 
a negligibly small pressure of carbon dioxide, 8 mm. of water vapour 
being added to ensure the course of the decomposition being of the 
“normal” type. After reaction has proceeded to the extent of 
about 30%, carbon dioxide is introduced into the reaction vessel at 
@ measured partial pressure. This causes an abrupt change in the 
rate. When the new rate has been measured the reaction vessel is 
evacuated, 8 mm. of water vapour again admitted, and the rate 
measured again. This could be repeated, a different pressure of 
carbon dioxide being admitted. In this way the rate of decom. 
position in the absence of carbon dioxide was measured immediately 
before and after the measurement in the presence of a known 
pressure; by taking the mean of the two rates in the absence of 
carbon dioxide as Ry, then the ratios R/R, are independent of any 
factors affecting the effective area of the interface in the particular 
sample experimented upon, i.e., particle size, the fortuitous way in 
which the crystals touch one another, or the fraction of the interface 
covered by water vapour, if it acts in this respect as an inert adsorbed 
substance. 

The results of experiments at three temperatures are recorded in 
Tables III, IV, and V. The actual reaction rates R’ (before 
admission of carbon dioxide), R (in the presence of carbon dioxide), 
and R” (after removal of carbon dioxide), expressed as percentage 
reaction per minute, are included in Table III, and only the ratios 
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R/R, in the other tables. The rates in the columns RF’ and R” should 
all be about the same, instead of varying from about 2 to 4; this 
far exceeds the experimental error, and the reason has not been 
satisfactorily traced, but these irregularities do not obscure the 
nature of the influence of carbon dioxide. 


TABLE III. 


Temperature 214:3°. Dissociation pressure 700 mm. 
R’. R. R”. Ry. R/R,. P|Pe- 
3°74 2-53 2-57 3-15 0-803 0-010 
3-12 1-80 1-84 2-48 0-726 0-014 
2-80 1-65 1-65 2-22 0-743 0-037 
4-37 1-90 2-79 3-58 0-531 0-069 
3-12 1-20 2-51 2-82 0-426 0-121 
3-48 1-11 3-07 3-27 0-339 0-160 
3-94 0-83 3°94 3-94 0-211 0-300 
3°45 0-46 4-26 ° 0-117 0-416 
2-36 0-16 2-00 . 0-073 0-560 
3-22 0-27 4-14 , 0-073 0-560 
3-51 0-11 3-86 ° 0-030 0-703 
2-70 0-04 3-59 , 0-013 0-846 


Sol | 


— 
wwvonvceo 


— 


| 


Mean 9-6 


TABLE IV. TABLE V. 
Temp. 193-6°. Temp. 172-8°, 
Diss. press. 325 mm. Diss. press. 140 mm. 


R/Rg. P| De . R/R,. P|De- 
0-490 0-049 ¢ 0-619 0-014 
0-379 0-098 0-432 0-036 
0-110 0-308 0-303 0-075 
0-047 0-615 0-197 0-157 
0-033 0-892 0-120 0-250 
0-005 0-984 0-067 0°357 
— 0-032 1-108 0-044 0-500 
— 0-234 1-461 
Mean 15-5 


The values of K in the last column, calculated by equation (5), 
are greatly affected by small experimental errors or irregularities in 
the rate both when the pressure of carbon dioxide is small and when 
it approaches the equilibrium value. In the latter case, in particular, 
the values of K become extremely sensitive to small errors in the 
temperature. For this reason, significance can only be attached to 
those values of K corresponding to values of p/p, between the limits 
0-02—0-7. 

The three series were unfortunately not done with the same 
preparation of silver carbonate, the small sclubility of silver bi- 
carbonate making it difficult to obtain a sufficient quantity in a 
single crystallisation; but, as judged by the rate at a standard 
temperature, the different preparations used were all similar, and 
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sufficient water was always present to eliminate variations due to 
different amounts of it. 

The way in which carbon dioxide affects the rate of decomposition 
is best seen in the curves in the diagram. This represents the data 
of Tables III, IV, and V, including the experiments at pressures 
of carbon dioxide above the dissociation pressure. The curve 
indicated by the broken line is calculated from equation (5), K being 
taken as 15-5 from Table IV, and the circles represent the experi- 
mental figures; the continuous lines are smooth curves drawn 
through the experimental points of the other two series. In these, 
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the experimental points lie a little below the line calculated with the 
average value of K, when p/p, is small, i.e., the smaller partial 
pressures of carbon dioxide have relatively too great an influence. 
But at all three temperatures the equation reproduces the experi- 
mental results as closely as could be expected in view of the fact that 
conditions in the interface are probably not as uniform as has been 
postulated. 

Equation (5) predicts for the recombination reaction a limiting 
velocity when the external pressure of carbon dioxide is very much 
greater than the dissociation pressure; the interface is then com- 
pletely covered by adsorbed carbon dioxide so that the forward 
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reaction is entirely suppressed, and R/Ry = — 1/K. Inthe diagram 
the calculated curve corresponding to K = 15-5 is continued beyond 
the equilibrium pressure. It is not, however, possible to realise this 
part of the curve experimentally. The recombination rates observed 
are much greater than the calculated, and the divergence increases 
rapidly as the excess pressure over the equilibrium value is increased, 
The reason for this is clear. As the pressure of the carbon dioxide 
is increased the normal reaction in the original interface becomes a 
(net) recombination, but added to this there is the formation of 
fresh “‘ nuclei” of carbonate at points on the surface of the silver 
oxide and the growth of these. A study of the recombination 
reaction has shown that the tendency for fresh reaction centres of 
carbonate to form increases rapidly as the excess pressure over the 
equilibrium value increases ; the form of the recombination reaction 
curve passes through a stage in which it has the sigmoid shape 
characteristic of an interface reaction spreading from rather few 
centres, to a stage in which the maximum velocity is at the beginning 
of the reaction showing that many “ nuclei”’ are obtained almost 
immediately after the gas is admitted. 

The Temperature Coefficient of the Reaction Rate.—The effect of 
temperature upon the rate at which silver carbonate decomposes in 
the presence of carbon dioxide is complicated, as can be seen by 
differentiating equation (5), since Ry, K, and p, are all very sensitive 
totemperature. With an appropriate value of p/p, the temperature 
coefficient can become very large. The temperature coefficient 
found by Centnerszwer and Bruzs is considerably higher than the 
value found by us, and this is explained by the fact that they worked 
with carbon dioxide at atmospheric pressure in the decomposition 
apparatus. 

The influence of temperature upon the rate of decomposition in 
the absence of carbon dioxide is simply the influence upon Ro, 
which is proportional to the linear reaction velocity coefficient 
v/r. The values found for the three preparations were : 

Prep. A. Prep. B. 
147-0° 158-0° 168-8° 179-3° 172-3° 193-6° 204-0° 
2-1 4-9 9-4 15-8 2-8 7:5 14-0 
Prep. C. 
Temp. ...... 172-8° 183-2° 193-6° 204-0° 214-0° 224-5° 
v/r x 1000... 1-4 2-0 38 6-9 10-7 15-0 
The corresponding values of the empirical quantity A = 
— 1-98dlog.(v/r)/d(1/T) are: Preparation A 23,400, preparation B 
22,800, and preparation C 22,500. 

Relationship of the Temperature Coefficient to the Absolute Velocity 
of the Reaction.—Part of the interest of “ topochemical ” reactions 

4U 
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is the question how far the conceptions of the detailed mechanism 
of chemical change which have emerged from the study of gas 
reactions can properly be transferred to the solid state, and how far 
modification is necessary on account of forces operating in solids 
which are absent in gases. A correlation of absolute reaction rate 
and its variation with temperature has been attempted with only 
one reaction of this type, viz., CaCO;,6H,0 = CaCO, + 6H,0 
(Topley and Hume, Proc. Roy. Soc., 1928, A, 120, 211). In that 
case the interesting point was that the linear rate of propagation of 
the reaction through the solid was 10” times as great as corresponded 
to the assumption that ions or ionic groups vibrating in the interface 
are activated when they possess an energy exceeding A, the fraction 
activated being taken as 8 = e~4/*7, Kassel (J. Amer. Chem. Soc., 
1929, 51, 1136) has examined for this reaction the possibility of 
activation in a large number of degrees of freedom, and finding that 
the coincidence of large reaction velocity and high temperature 
coefficient cannot be explained in this way, suggests that the re- 
action may take place in stages (lower hydrates); by postulating 
suitable reaction rates with quite moderate temperature coefficients, 
the large “‘ over-all’’ temperature effect is accounted for, and also 
the fact that the intermediate stages are not detectable. 

It is therefore of interest to repeat the calculation of 8 for the 
simpler case of silver carbonate decomposing in the absence of 
carbon dioxide. From the data of Expt. 1 (p. 2638), v/r = 2-1 x 10° 
(min.-1) at 7 = 420° (Abs.); r = 0-003 cm.; A = 23,400. Taking 
for the vibration frequency (v) 5 x 10 sec.-+ and for the spacing of 
the ionic layers in the carbonate (A) 5 x 10-° cm., then we have 
8’ = v/vA = 4 x 10-8, whereas from the temperature coefficient 
8 =6 x 107%. The value 0-003 cm. for the average particle size is 
an upper limit; and it is known that crystals frequently contain 
microfissures, so that the effective particle size may be considerably 
less, and consequently the calculated value of @’ is an upper limit. 
The main point, however, is that the eriormous discrepancy found in 
the case of calcium carbonate hexahydrate between the observed 
value of 8 and that calculated from the temperature coefficient 
using the simple exponential function is not found in the simpler 
decomposition of silver carbonate. Both reactions are endothermic. 
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CCCLV.—The Passivity of Metals. Part III. The 
Quantity and Distribution of the Superficial Oxide. 
By Untick R. Evans and JOHN STOCKDALE. 


Previous work by one of us (Evans, J., 1927, 1022; this. vol., 
p.92; Nature, 1927, 120, 584; 1929, 123, 16) has indicated that the 
surface films of metal, isolated by undermining, consist sometimes 
mainly of oxide, sometimes mainly of metal, but generally of both. 
An interpretation is afforded by the work of Bowden and Rideal 
(Proc. Roy. Soc., 1928, A, 120, 59; Nature, 1928, 122, 647), who 
have found that the true surface area of metals greatly exceeds the 
apparent area, especially after abrasion or similar treatment; pre- 
Fie. 1. 
Oxide skin 
commencing to 


tlake of F 
x Cut Edge 


Fully Oxidized, Zone I 
fartly Oxidized, Zone T¥ 


Shattered, ZoneII# 
(No Oxide) 


Unchanged 
Zone IV 


Cut Eage 
EMtaaShattered Meta) Ca Unchanged Metal 


sumably there is a series of invisible fissures opening on to the 
metallic surface, large near their mouths and narrowing as they 
pass inwards. When metal is exposed to air, oxygen molecules will 
penetrate a certain distance up the fissures, producing thin walls of 
oxide, but beyond a certain point penetration will cease. Where 
the breadth of the “‘ fissures ’”’ becomes so small as to be comparable 
with the interatomic distance, the material is best regarded as 
shattered metal having a distorted or interrupted lattice. Such a 
zone will be more unstable, and therefore more quickly corroded, 
than the unchanged metal in the interior; but further out, where 
the fissures are lined by sheaths of oxide, the material will be less 
tcorrodible than the unchanged metal, since these sheaths will 
present at least some obstruction to the attack. Clearly the state 
of affairs will vary with the mechanical and chemical properties of 
the metal, but in general four zones are to be expected (Fig. 1): 
(1) An outer zone, consisting wholly of oxide; (II) a zone containing 
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oxide and metal, the proportion of metal gradually increasing as one 
passes inwards—this zone should have an abnormally high resistance 
to attack; (III) a shattered zone, fairly free from oxide, and having 
an abnormally low resistance to attack; (IV) the unchanged metal 
forming the main interior portion. 

At low temperatures, any passage of oxygen below the main 
surface will occur largely through the fissures, but as the temper- 
ature rises, diffusion through solid oxide becomes more rapid, and 
Zone I will gradually thicken at the expense of Zone II and finally 
of Zone III; at elevated temperatures, the inner boundary of Zone I 
is likely to be fairly straight, but the inner boundaries of Zones II 
and III are always likely to be ill-defined. Violent abrasive treat- 
ment is likely to increase the combined thickness of Zones I and II, 
and probably that of Zone ITI. 

Evidence that the metal is specially resistant near the surface, 
and specially susceptible a little lower down, is to be found in the 
work of Bengough and his colleagues on brass (J. Inst. Metals, 1920, 
23, 80) and on zinc (Proc. Roy. Soc., 1928, A, 121, 88). Moreover, 
the early “iodine method” of removing thin oxide films (Evans, 
J., 1927, 1024) undoubtedly depended on preferential dissolution 
along Zone III. But in this case the long immersion in the iodine 
was capable of dissolving away a great deal of the residual unchanged 


metal in Zone II of the separated film. By employing a modified 
anodic method of dissolving away Zone III, it has now been found 
possible to preserve most of the residual metal in Zone II, since as 
soon as the surface films are brought out of effective electrical 
contact with the basis, dissolution will cease; precautions are 
obviously needed to prevent secondary changes, such as rusting. 


EXPERIMENTAL, 


Methods as applied to Nickel and Copper.—The electrolytic 
apparatus is a simple U-tube, with some glass beads in the junction 
of the two limbs, filled with saturated potassium chloride (for nickel) 
or sulphate (for copper). The specimen to be stripped is made 
the anode in one limb, whilst a cathode of the same metal is placed 
in the other; the metallic chloride (or sulphate) formed in the 
anodic limb reacts with the alkali from the cathodic limb to pro- 
duce a “‘ natural’ diaphragm of membranous hydroxide. 

Under suitable conditions, corrosion penetrates behind the surface 
tilm, which becomes quite loose. For a nickel strip heated to give 
a first-order tint, with breadth 2 cm., immersed depth 1 cm., and 
having its back protected with varnish, an appropriate current is 
0-16 amp.; this causes loosening in about 10 minutes. The colour 
quickly disappears from the front, and slight local bulgings appeat 
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at the bottom; these gradually extend upwards, and finally the 
whole surface becomes wrinkled and appears to be covered with a 
loose folded skin. The bulgings and wrinkling strongly suggest that 
the oxide-skin has a “ natural area’ greater than the metal, and 
is in a state of compression when attached to the basis (compare 
Pilling and Bedworth, J. Inst. Metals, 1923, 29, 529). 

The exact degree of loosening found to be suitable for the next 

operation varies somewhat with the metal, but no attempt is made 
to dissolve away the whole of the metal within the skin, as in the 
original anodic method (Evans, J., 1927, 1022). When a suitable 
state has been reached, the electrode is taken out and pressed on 
to a glass surface, previously covered with “clear Belco ”’ (a nitro- 
cellulose lacquer) which has been allowed to dry sufficiently to 
reach a “‘tacky’”’ condition. The loosened skin then leaves the 
metal, being transferred to the lacquered surface, and can be 
washed and dried. This method will be called the “ transfer 
method.” 
‘ For many purposes, it is convenient, instead of transferring the 
film on to glass, to swirl the electrode in clean water; the loosened 
skin then peels off in loose curling flakes, which sink to the bottom 
and can be washed by decantation. This will be called the “ loose- 
flake method.”’ 

If a square piece of abraded sheet nickel is heated along one 
edge, so as to produce the usual sequence of interference tints, the 
unheated edge remaining uncoloured, and the oxide film is then 
removed to a glass support by the transfer method, it will be seen 
to be thick at the heated edge, becoming gradually thinner as the 
unheated edge is approached. The film from the untinted portion, 
“invisible ’’ whilst on the metal, is easily visible when stretched on 
the transparent support, and is almost entirely oxide, being remark- 
ably free from metallic inclusions; evidently on nickel, the line of 
demarcation of metal from oxide appears to be fairly sharp. This 
is the only easy way of separating the “ invisible ”’ film from ground 
nickel, since unless it is connected laterally to a thicker film, the 
thinner film is only removable with extreme difficulty. 

When the same experiment is repeated with copper, a similar 
film of gradually altering character is obtained, but the low- 
temperature portions contain much residual metallic copper; the 
proportion of metallic copper to oxide gradually diminishes as the 
high-temperature edge is approached. Evidently on copper the 
demarcation line between oxide and metal is not sharp, as on 
nickel, but an intermediate zone of interlocked metal and oxide 
occurs, as suggested in Fig. 1. 

Some measurements of the oxide removed from a given area of 
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heat-tinted nickel by the transfer method have been made, the 
nickel present being estimated by Rollet’s modification of the 
glyoxime method (Compt. rend., 1926, 183, 212); the estimation is 
not very satisfactory, but the numbers agreed within experimental 
error with Constable’s values (Proc. Roy. Soc., 1928, A, 117, 376). 
The films stripped from heat-tinted nickel themselves showed 
interference colours when mounted on nitrocellulose, and, unlike 
copper and iron oxide films, they had no inherent colour to complicate 
the question. Thus nickel oxide appears to be a suitable case 
wherewith to test the validity of an assumption which has frequently 
been made by those who have used interference colours to measure 
the velocity of film growth. It has usually been assumed that to 
obtain the thickness of a film it is only necessary to divide the thick- 
ness of the air film needed to give the same colour by the refractive 
index of the material. The optical reasoning underlying this 
assumption appears open to question, and the argument becomes 
invalid if the colour of the stripped oxide film is not complementary 
to that of the film on the metal. Mr. 8. C. Britton has kindly 
stripped a number of nickel specimens tinted to different colours 
and has compared the colours of the unstripped and stripped films. 
The correlation given in the following table indicates that, although 
the two sets of colours are often nearly complementary, yet this is 
definitely not the case with nickel tinted to the second-order 
yellow. 
Colour (by reflected light) of 

metal with film attached. stripped film. 

Yellow I Silvery (faintly bluish) 

Mauve I Silvery 

Dark blue I Silvery 

Light blue I Yellowish-silver 


Silver (“‘ Hiatus zone ”’) Yellow, becoming pink 
Yellow II Fine mauve (red rather than blue) 


Red II White (faintly greenish) 

Independent evidence that the assumption mentioned above is 
inexact is provided by microgravimetric estimation of the mean 
thiclaness of silver iodide films (Evans and Bannister, Proc. Roy. 
Soc., 1929, A, 125, 370). 

Methods as applied to Iron.—In treating iron, the cathodic limb 
of the U-tube was kept filled with hydrogen to avoid contamination 
with secondary ferric hydroxide. For quantitative purposes, 4 
different apparatus was used (Fig. 2). The U-tube (A) had three 
side tubes, fitted with taps. Tap 7, led to a 3-litre reservoir B 
(not drawn to scale) containing air-free water, which was con- 
nected, through flask C containing dilute soda, to a Kipp’s hydrogen 
generator. The tap 7’, connected the U-tube direct to C, and 
tap 7’, was used to control the washing process. The anode D 
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was held in place by a metal clip soldered to a stout copper wire 
making a tight fit in the rubber stopper F, while the cathode # 
hung loosely from the side of the cathodic limb ; the electrodes were 
connected through an ammeter and rheostat as shown. The pro- 
cedure during an experiment was as follows. 

The taps 7',, T,, and 7, are closed; the U-tube is filled with 
electrolyte to the required level, and a few crystals of ferrous 
sulphate are dropped into the solution in the cathodic limb. The 
ferrous solution so produced serves to take up the alkali as soon 
as it is formed during electrolysis, and confines precipitation to a 
§ small zone round the cathode and above the opening of the exit 
tube. The mouth of the cathodic limb is made temporarily air- 
tight by fitting it with a rubber stopper, and the tap 7’, opened to 























allow a brisk flow of hydrogen to displace the air in the anodic 
limb; while 7, is still open, the stopper F, with the specimen 
attached, is placed in position. 7, is then closed, the stopper in 
the cathodic limb is replaced by the cathode, and the necessary 
electrical connexions are made. When anodic treatment is finished, 
the cathode is again replaced by a stopper, and the tap 7’, is opened. 
(The back surface of the anode is protected by nitrocellulose varnish 
and the wash-water inlet, shown dotted, is placed opposite this 
surface so that eddies due to the flow of water are checked by the 
anode itself, thus minimising the risk of breaking the film.) The 
wash-water in B is under pressure from the Kipp’s apparatus, and 
its rate of flow into the U-tube is controlled by the tap 7,. When 
washing is complete, tap 7’, is closed and the anode removed care- 
fully. The film is stripped by washing the anode gently with a 
jet of boiling water or by swirling it in freshly boiled water. The 
flakes so obtained are dissolved immediately, under an atmosphere 
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of carbon dioxide, in the requisite quantity of hydrochloric acid: 
this quantity is governed by the approximate thickness of the 
film and the acidity of the standard solution against which it is to 
be matched by the thiocyanate method. 

In order to ascertain whether reasonaoly thorough washing of 
soluble iron salt from the flakes was possible, the following experi- 
ment was performed. A nickel anode with its film previously 
loosened, but still clinging, was introduced into the U-tube of the 
apparatus just described after the operation of separating an iron 
film. The nickel film was then washed, removed, dissolved, and 
the resulting solution tested for iron; the iron found was not 
appreciably more than in a blank experiment, the small amount 
present being derived as an impurity from the nickel. 

Electrolytic iron, E 28, ground with French emery No. 000, and 
heat-tinted to the first-order yellow, yields two distinct types of 
flake, according to the manner of removal. (1) If the edges are 
freshly trimmed just before the experiment, so as to allow the 
anodic attack access to Zone III, fairly thick flakes are obtained, 
with some definite spots of residual metal of various sizes, as shown 
up by the ferricyanide method (Evans, Nature, 1927, 120, 584); 
these display a curious brownish colour, possibly due to particles 
of residual metal too small to be individually visible under the 
microscope. Various estimations by the thiocyanate method of 
flakes taken from measured areas indicated the iron oxide present 
to be 5-2, 5-0, 4-7, and 5-0 x 10° g. per sq. cm. (2) On the other 
hand, when the edges of the specimen are protected by nitrocellulose 
varnish, the separation occurs much more quickly, yielding much 
thinner films, highly transparent, much less brown, and free from 
particles of residual metal; these seemed to be practically entirely 
oxide; estimations gave 2-6, 2-5, 2-1, and 1-6 x 10° g. of ferric 
oxide per sq. cm. The isolation of this thin type of film appears 
to be due to a form of attack which commences at weak points 
in the surface film I, and penetrates quickly along level A at the 
interface between Zones I and II. The failure of the oxide skin is 
presumably due to the state of compression, which is only relieved 
if the oxide breaks away from the base; the separation will there- 
fore tend to follow the bottom boundary of Zone I. Occasionally 
separation occurred along this level even when the edges were not 
intentionally protected, whilst in one case a specimen with pro- 
tected edges produced flakes of intermediate character, with 3-1 x 
10° g. of oxide per sq. cm., the time of separation and appearance 
of the metallic basis being also intermediate between the two 
ordinary types. 

The correctness of the explanation of the separation at the 
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higher level is indicated by the fact that iron heated rather more 
strongly, so as to give a mauve interference colour, yielded practically 
the same type of film whether the edges were protected or not; 
evidently the uniform oxide layer, produced by diffusion through 
solid oxide, has penetrated sufficiently deep to eliminate Zone II 
almost completely. The amount of oxide separated from mauve 
specimens with unprotected edges averaged 5-5 x 10> g. per sq. 
em., and with protected edges, 5-2x 10° g. per sq. cm. The 
phenomenon of separation at two distinct levels is only obtained 
on iron when tinted to yellow thicknesses; but copper shows 
separation at different levels when heated below the interference 
colour range; the films obtained by undercutting from the edges ° 
contain more residual copper than those obtained from the face. 

The microscopic aspect of the iron base after stripping is quite 
different accordingly as the separation has proceeded near the sur- 
face (along level A) or further down (along level B). In the first 
case, the basic metal is left smooth (light to the naked eye), and in 
the second deeply pitted (black to the naked eye). The fact that 
the time of electrolysis needed for separation in the first case is 
much shorter (5—30 mins.) than in the second case (1}—2 hours) 
is easily understood. For, in the first case, advantage is taken of 
the natural flaking off of the film, and comparatively little anodic 
corrosion of metal is required; whilst in the second case, con- 
siderable destruction of metal is needed before loosening is possible. 

It should be noted that removal at the lower level (B) will prob- 
ably give the more accurate measure of oxide per unit area, although 
even here the accuracy leaves much to be desired. The separation 
at the higher level agrees better, however, with the “optical 
method ”’ of estimating thicknesses as used by Constable, giving an 
average value of 2-2 x 10-°g. of oxide persq.cm. Constable’s measure 
of the film on yellow-tinted iron (0-46 x 10~ cm.) is equivalent to 
2:36 x 10° g. of oxide per sq. cm., if the specific gravity of ferric 
oxide is assumed to be 5-13, or to 2-43 x 10°, if the specific gravity 
is taken as 5-29, a value found for the scale formed at very high 
temperatures by Pfeil (J. Iron Steel Inst., 1929, 119, 501). Actually 
the numbers found by this optical method are not strictly measures 
of the total oxide present, since the thickness obtained will be the 
depth at which there exist sufficient blocks of unchanged metal to 
form a reflecting surface for light; this depth will vary from point 
to point, explaining the broadness of Constable’s absorption bands ; 
a uniform film should give a narrow absorption band. Marked 
divergences between the oxide thicknesses as estimated from colour 
observation or from weight increment have been obtained by Tam- 
mann and Bockow (Z. anorg. Chem., 1928, 169, 42). 
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It is easy now to understand the fact observed in previous work 
on iron and copper with the older methods of separation, viz., 
that residual metal is almost absent from the oxide films separated 
from specimens tinted to Blue I or greater thicknesses, but is 
increasingly present in the films where the oxidation has been less. 

Electrolytic iron abraded with No. 000 French emery, immersed 
for 24 hours in potassium chromate, and subjected to anodic treat- 
ment with protected edges, yielded a layer containing much residual 
metal; two estimations of the oxide present after stripping indicated 
2:9 x 10° and 3-5 x 10° g. per sq. cm. Whether these numbers 
represent accurately the oxide present before stripping is perhaps 
’ still a little doubtful. Every possible precaution was taken to 
prevent oxidation during stripping, but, in spite of several attempts, 
no trustworthy independent method could be devised to check the 
numbers. 

Early work had indicated that “ stainless steel,” with surface as 
forged, suffered on anodic treatment undercut pitting: the under. 
cutting was at a fairly deep level, which left an opaque surface layer 
of metallic appearance. It has now. been found possible, by long 
anodic treatment of stainless steel abraded with fine emery, to 
obtain, in addition to opaque flakes, a very thin transparent skin, 
carrying strie representing the original abrasive treatment; this 
resembles the thinnest nickel oxide films, and is free from the brown 
colour characteristic of films from pure iron. In some materials, 
where the oxide layer is very thin, the skin left is essentially metallic 
in appearance. “ Staybrite ” (iron with 18% chromium and 8% 
nickel), treated as a rolled strip 1-5 mm. thick, 8 mm. broad, and 
immersed to a depth of 15 mm., after 6 hours’ anodic treatment at 
0-05 amp., suffered complete internal corrosion, but left an envelope 
representing the surface layers; this envelope, apart from numerous 
holes, retained the original shape of the specimen, but, unlike the 
envelope from passive iron previously described (J., 1927, 1022), 
the material was quite opaque and retained a bright silvery lustre. 
Similar results were obtained from staybrite which had been wire- 
brushed or filed, and then exposed to air before anodic treatment. 

Comparative Ease of Stripping of Different Materials —A number 
of new film separations have been attempted, including several 
materials not previously studied; in most cases the surface was 
abraded with French emery No. 1 before oxidation, but some 
interesting results were obtained from wire-brushed specimens, the 
film showing a characteristic dappled appearance reproducing the 
abrasive treatment. The difficulty of removing the skins varied 
enormously in different cases; in some instances, no removal could 
be effected at all; in others, the skin came away at a few points 
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only; in others it came away quickly and cleanly in large pieces, 
With a few exceptions it may be said that “‘ protective ”’ films were 
more difficult to remove than “ non-protective ’’ ones, as might 
perhaps be expected, whilst thin films were more difficult to separate 
than thick ones. Thus, whilst iron and copper exposed to air at 
ordinary temperatures yielded separable films, it was difficult to 
obtain the corresponding films from nickel. Where the metals with 
highly protective skins proved amenable to treatment at all, they 
usually furnished films with so much residual metal as to be opaque ; 
an example (staybrite) has already been mentioned. Other con- 
ditions being equal, a sharp boundary between the oxide and 
metal, with absence of the mixed Zone IT, facilitated removal; thus 
films were much easier to remove from heat-tinted nickel than from 
heat-tinted iron, although the reverse was true of the unheated 
metals. Coarse abrasion was found to militate against easy removal. 
The presence of a second phase (which must clearly interrupt the 
continuity) acted in the same way; thus whilst electrolytic iron 
(E 28) abraded with French emery No. 1 and exposed to air for 
various periods (10 secs. to 24 hours) readily gave films, mild steel 
(H 26) treated in the same way gave no films or only small frag- 
ments; the sarhe steel when heat-tinted gave films, but the reluct- 
ance to leave the metal increased as the films became thinner. 

After immersion in M/2-potassium chromate solution for various 
periods from 15 mins. to 24 hours, this same steel (H 26) gave films 
in fairly clear flakes; this is understandable, since chromate treat- 
ment is believed to give thicker films than exposure to air; indeed, 
as found previously (Evans, J, Soc. Chem, Ind., 1925, 44, 1637), 
some steels after long immersion in chromate actually show inter- 
ference colours. Nickel also gave films far more readily after 
chromate treatment than after exposure to cold air. On the other 
hand, a second steel (H 28) did not give films after chromate treat- 
ment; this may have been due to the higher contents of carbon 
and silicon (0-26 and 0-15%, as against 0-18 and 0-04% for H 26), 
but physical differences may also be responsible; thus, different 
rolling and annealing treatment of a given nickel sample were 
found greatly to affect the ease of separation of films from the 
heat-tinted metal. 

The recent work of Rideal and Wansborough-Jones (Proc. Roy. 
Soc., 1929, A, 123, 202) has suggested that oxygen will react with- 
out activation with any metal whose thermionic work function is 
less than 3-6 volts; thus “ base ’’ metals should oxidise readily in 
air at ordinary temperatures, whilst “noble” metals will oxidise 
only at high temperatures, or in the presence of a powerful oxidising 
agent. Nickel, with a work function of 4-05 volts, is rather near the 
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border-line; and after exposure to air at ordinary temperatures, its 
film would probably be thin or even absent, but exposure to hot 
air or to oxidising agents might produce a film thick enough to be 
separable. This may explain the differences actually noted between 
the behaviour of nickel and iron. 

The differences in ease of separation of films from different 
materials, or the same material differently treated; were quite 
reproducible when emery-ground surfaces were used, and were so 
marked as to form an important index of the character of the 
material. 

Summary. 

A new method for the removal of the surface skins of metals, 
dependent on anodic undermining, has been worked out with a 
view to preserve the metal enclosed in the layer of oxide; it is 
often possible to transfer the film to glass coated with nitrocellulose. 
Films have been removed from several fresh materials, such as 
nickel and carbon steel, whilst a transparent skin has now been 
isolated from “ stainless steel.” The oxide on heat-tinted nickel 
appears to be sharply divided from the metal, whilst on copper 
and iron there is interlocking. Some determinations of the oxides 
per unit area have been made. On yellow-tinted iron, undermining 
can be carried out at either one of two different levels; under- 
mining at the upper level yields a transparent film consisting of 
oxide alone in an amount agreeing fairly well with Constable's 
optical determinations, whilst undermining at the lower level gives 
a film with a greater amount of oxide and considerable amounts of 
metal. The difficulty of film removal varies enormously in different 
cases, and is usually greatest when the film is very thin and highly 
protective; but it is also increased when the continuity is inter- 
rupted by coarse abrasion or by the presence of heterophase 
impurities. 

UnIvErRsITyY CHEMICAL LABORATORY, 

CAMBRIDGE. {Received, October 16th, 1929.] 





NOTES. 


Two Apparent Cases of Liquid Crystal Formation. By ALAN 
EpwIn BraDFIELD and BryNMOR JONES. 


In the course of another investigation it was observed that p-n-pro- 
poxy- and p-n-butoxy-benzoic acids after repeated crystallisation 
melt sharply at 145-6° and 146-7° to give milky liquids, which at 
156° and 160-2°, respectively, suddenly become clear. Facilities are 
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not available for the further investigation of this were 
which suggests liquid crystal formation. «© : 

A melting point of 145—147° has been recorded for p-n-propoxy- 
benzoic acid (Remsen and Graham, Amer. Chem. J., 1889, 441, 328; 
Gattermann, Ber; 1899, 32, 1120; -Cohen and Dudley, J., 1910, 97, 
1738), but no mention is made of the formation of a milky liquid. 

p-n-Butoxybenzoic acid is prepared by refluxing 1 mol. of p-hydroxy- 
benzoie acid with 1-1 mols. of butyl iodide and 2 mols. of potassium 
hydroxide, dissolved in an equal weight of water, for 4 hours at 
110°; 10% potassium hydroxide solution (1 mol.) is then added, 
and refluxing continued for 30 minutes, to: hydrolyse any’ ester 
formed. : When the liquid is cooled and acidified with concentrated 
hydrochloric acid, the acid is precipitated ; it may be recrystallised 
from acetic acid (Found: M, by titration, 195. Cale. : MM, '194).— 
Universiry Co~thEecr or Norru Watgs, pres [ Received, 
September 24th, 1929. } 





(or 8)-Nitro-1-phenylphthalazine : A’ Correction. nic JNANENDRA 
Natu Ray. 


Iv our further experiments on the phthalazines in continuation of 
the work of Aggarwal, Darbari, and Ray (this vol., p. 1941) we 
have re-investigated the production ‘of the compound named in 
the title. It was found that m-nitrobenzaldehydebenzoylhydrazone 
(m. p. 190°); on treatment with phosphorus oxychloride in chloro- 
form, gave yellowish needles, m. p. 165—167°. This substance 
melted at 167—168° when mixed with m-nitrobenzaldehydebenzoyl- 
hydrazorie and yielded a small quantity of this hydrazone after 
repeated’ crystallisation; probably, therefore, it was unchanged 
initial material rendered impure by some substance with a higher 
nitrogen content.—Tue University, Lanorr. [Received, October 
21st, 1929.] 





CCCLVI.—The Combustion of Charcoal in Oxygen, 
Nitric Oxide, and Nitrous Oxide. Part I. The 
Adsorption of Oxygen. 

By MapwaviaL SvKHLAL SHan. 

Tar combustion of charcoal in oxygen has frequently been studied, 

and three explanations of the mechanism have been advanced. 

Lang (Z. physikal. Chem., 1888, 2, 168) observed that the products of 


combustion varied with ‘the velocity of the stream of oxygen, the 
4x 
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yield of carbon monoxide decreasing with increasing velocity and 
ultimately becoming zero; he concluded that the primary product 
is the dioxide which, in contact with an excess of i carbon, 
is reduced to monoxide. 

~The second explanation, that carbon burns in the first instance to 
monoxide which is subsequently oxidised to dioxide by excess of 
oxygen in the presence of water vapour, was advanced by C. J. 
Baker (J., 1887, 54, 249) and by H. B. Baker (Phil. T'rans., 1888, 179, 
A, 571); the former showed that when dried charcoal is allowed to 
absorb dry oxygen and then heated to 450°, the gas evolved consists 
mainly of carbon monoxide, and the latter reached the same 
conclusion from his experiments on the combustion of charcoal 
in dry oxygen. Dixon (J., 1899, 75, 630) supported this explanation 
and disputed Lang’s results. 

The third explanation, based on previous suggestions of Brodie 
(Annalen, 1873, 169, 270), Berthelot (Bull. Soc. chim., 1876, 26, 
102), and Armstrong (J. Soc. Chem. Ind., 1905, 24, 473), was adopted 
by Rhead and Wheeler (J., 1912, 101, 846; 1913, 103, 461, 1210), 
who found that charcoal, which had been previously exhausted at 
950°, readily absorbed or occluded oxygen at low temperatures, and 
the gas could not be completely removed, even by the most efficient 
pumping, provided the temperature was kept low and constant. If 
the temperature was raised, however, oxygen was liberated in the 
form of carbon monoxide and dioxide until the saturation capacity 
of charcoal for oxygen was reached. Rhead and Wheeler therefore 
concluded. that ‘the first product of combustion of carbon is a 
loosely formed physico-chemical complex which can be regarded as 
an unstable compound of carbon and oxygen of an at present un- 
known formula, C,0,,” which decomposed with rise of temperature, 
giving monoxide and dioxide. The formula C,O, implied that & 
one oxygen molecule became attached to several carbon molecules; 
the evolution of heat resulting from this adsorption caused some 
oxygen molecules to acquire one carbon atom each, giving the 
dioxide, and others to be torn apart in the process, leaving the carbon 
molecule as monoxide. . This process continued until the carbon 
became “ saturated,” after which there was alternate formation and 
decomposition of the complex. A similar view is held by Warten- 
berg and Sieg (Ber., 1920, 53, 2192), Lowry and Hulett (J. Amer. 
Chem. Soc., 1920, 42, 1413), Taylor and Neville (ibid., 1921, 43, 2055), 
and Blench and Garner (J., 1924, 125, 1288). Richardson (J. Amer. 
Chem. Soc., 1917, 39, 1845), however, did not find any evidence of 
the formation of such a compound from his studies on the reverse 
action of carbon dioxide on charcoal at relatively high pressures. 

Langmuir (J. Amer. Chem. Soc., 1918, 40, 1361) considers in his 
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theory of adsorption that the adsorbed molecule is held by either the 
primary or the residual valency forces of the atoms composing the 
adsorbing surface. At the surface of charcoal, for example, one of 
the primary bonds of each carbon atom might be unsaturated, or at 
least partly free to exert an influence, and one adsorbable atom or 
molecule of the gas would be bound for each carbon atom. ‘Thus 
“with oxygen the adsorbed layer consists of oxygen atoms chemi- 
cally combined with the carbon atoms which form the surface” 
(ibid., 1915, 37, 1154). These atoms or molecules constitute a 
layer and are said to be chemically or quasi-chemically united to the 
surface atoms of charcoal. Keyes and Marshall (ibid., 1927, 49, 
156), however, suggest that the oxygen molecules or atoms attached 
to the surface can be regarded as being in a special state of valency 
strain such as to enable this first layer to adsorb a second layer of 
molecules of the same or of a different species. Further layers could 
be held by continually decreasing forces until the final layer differed 
but little from the free gas. 

The present investigations deal with the systematic study of 
the behaviour of certain gases towards charcoal at various temper- 
atures, and it seems highly probable that such layers of adsorbed 
oxygen and nitric oxide partaking of the “ special state ” exist on 
the surface of charcoal; this special state of oxygen (on the surface 
of charcoal) is, therefore, treated as the basis for an explanation of 
combustion of charcoal in oxygen, 7.é., as an alternative to that of 
Rhead and Wheeler (loc. cit.). Attempts, using both dynamic and 
static methods, are now described to elucidate the mechanism of 
combustion of charcoal by a comparative study of its combustion 
in oxygen, in nitric oxide, and in nitrous oxide, and the work of 
previous investigators is correlated. 

Little work of a systematic nature has been done on the com- 
bustion of charcoal in nitric or nitrous oxide. It has long been 
known ‘that a glowing piece of charcoal burns more vividly in 
nitrous oxide than in air and is extinguished when immersed in 
nitric oxide. This behaviour has been explained on the assumption 
that nitrous oxide is more easily decomposed than nitric oxide, the 
former being unstable above 520° and the latter above 1000°. On 
the other hand, one might expect nitric oxide to be a better sup- 
porter of combustion than nitrous oxide because their heats of 
formation are — 21,575 and — 17,470 cals. respectively. There is 
an anomaly here which demands explanation. 


ExPERIMENTAL 


Preparation of Materials —The charcoal employed in most of the 
previous work was obtained from wood, although such charcoal is 
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known to be variable in properties, but in this investigation sugar 
charcoal was used. The gases were carefully purified and all 
volumes are reduced to 0° and atmospheric pressure. 

Sugar charcoal, Recrystallised cane sugar was heated in a loosely 
covered porcelain dish first gently and then strongly. The charcoal 
thus obtained was submitted to the action of chlorine in a Jena-glass 
tube maintained at a dull red heat for 8 hours; after being cooled, it 
was digested repeatedly. with boiling distilled water, collected, 
washed until free from hydrogen chloride, dried in an air-oven at 200°, 
and finally heated strongly in a vacuum for 2 hours (yield, 25%). 

-The product still contained chlorine (see experiments with nitric 
oxide, Section A), and was therefore heated to 1050° in a silica tube 
in a vacuum and treated with a current of nitric oxide, which dis- 
placed.a considerable amount of chlorine. The charcoal was then 
coarsely powdered and sifted, 30—60-mesh particles being used in 
the quantitative experiments; on incineration it gave 0-12% of ash. 

Before each experiment, either qualitative or quantitative, the 
purified charcoal was heated to 1100° and exhausted for 5 hours 
under the successive action of ‘‘ Hyvac ”’ and Sprengel pumps. 

Oxygen. .The oxygen used for the experiments in Section A was 
prepared by heating recrystallised potassium permanganate and 
collected over air-free water; it. contained 0-2% of, impurity 
unabsorbed by alkaline pyrogallol. For all the other experiments, 
the, gas was obtained by electrolysing a solution of: recrystallised 
barium hydroxide in. pure conductivity water, and was passed through 
heated tubes containing copper oxide and phosphoric oxide before 
being collected over mercury. 

Nitrous oxide. For qualitative experiments nitrous ‘oxide. was 
prepared from hydroxylamine hydrochloride and sodium nitrite or 
was taken from a cylinder; it was stored over distilled water, traces 
of oxygen being removed by shaking with alkaline pyrogallol. For 
the quantitative work, it was solidified by means of liquid air, 
fractionated, and collected over mercury or in an pvagnated two- 
litre bulb. 

Nitric oxide. Nitric oxide was prepared by the potassium nitrate 
and ferrous sulphate method and collected over air-free distilled 
water. For the absorption experiments described in Section B, it 
was dissolved in ferrous sulphate solution and expelled by heating. 
Absorption with alkaline sodium sulphite showed the presence of 
0-1% of residual gas. For other experiments it was liquefied, 
fractionated, and passed successively through tubes of sodium 
hydroxide and phosphoric oxide. 

Carbon monoxide and dioxide. The monoxide was prepared from 
formic acid by the action of sulphuric acid, and the dioxide from 
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calc-spar by the action of dilute hydrochloric acid. For quantit- 
ative work these gases were collected over mercury, and for the 
streaming method experiments they were collected over air-free 
distilled water and saturated sodium bicarbonate solution, 
respectively. 

Nitrogen. Nitrogen, prepared from urea by the action of sodium 
hypobromite solution, was washed with caustic potash solution and 


collected over mercury. 
Fie. 1. 





H 
Section A. Ignition Temperatures of Sugar Charcoal in Oxygen and 
Nitrous and Nitric Oxides’: The Reaction Products below the 
Ignition Points. 
Moissan (Compt. rend., 1902, 135, 921) studied the inflammation 
of diamond, graphite, and amorphous wood charcoal in a stream of 
oxygen ; his results may be summarised thus : ata 


Diamond. Graphite. charcoal. 


Evolution of gas begins at 720°... 510° 200° 
es is abundant at... 790 600 


Ignition begins at 690 345 

Manville (ibid., 1906, 142, 1190, 1523) found that the temper- 
atures of formation of carbon monoxide and dioxide during the 
oxidation of wood charcoal varied with its previous heat treatment. 
No similar work is recorded on the combustion of charcoal in nitric 
and nitrous oxides. 

Procedure.—The silica tube A (Fig. 1) containing 4—5 g. of sugar 
charcoal was connected with ground joints x and y to a gas reservoir 
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G and a three-way tap m respectively. The latter was connected 
with the pump D and with reagents for detecting carbon dioxide and 
monoxide as shown in H. The tube A was heated electrically by 
the furnace F to 1150° in a vacuum and cooled. A regular stream 
of the required gas, dried by a 6” column of phosphoric oxide, was 
then passed from the gas holder G, and the temperature of the furnace 
was raised gradually until a flame was observed. At intervals 
of 10°, the temperature was maintained constant for 3 minutes, and 
the effect of increasing the rate of the gas stream was observed while 
the issuing gas was tested for cyanogen or oxides of carbon. The 
results are shown in Table I. Separate experiments were carried 
out for the detection of free oxygen produced in the interaction of 
nitric oxide and nitrous oxide with charcoal. Experiments were 
also conducted to detect the possible conversion of the dioxide into 
monoxide and vice versa in presence of charcoal. The reagents used 
for deteeting the gases were: For carbon dioxide, baryta solution; 
for carbon monoxide, (1) in experiments with nitric oxide, dilute 
palladous chloride solution, (2) in other experiments, iodine pent- 
oxide ; for oxygen, (1) alkaline pyrogallol solution, (2) the red colour 
developed by catechol in the presence of ferrous sulphate and caustic 
potash (Binder and Weinland, Ber., 1913, 46, 255)—in using this 
reagent air was completely displaced by hydrogen; for cyanogen, 


absorption with caustic potash solution, followed by the Prussian- 
blue test. 


Section B. Absorption of Gases by Charcoal at 0°: The Gases evolved 
in a Vacuum at 0° and subsequently at Higher Temperatures. 


With. a view to elucidate the mechanism of combustion, it is 
necessary to study the absorption by charcoal (a) of oxygen, nitric 
oxide, and nitrous oxide, and (b) of the reaction products, The 
power of charcoal to retain oxygen has been studied by previous 
investigators. Angus Smith (Proc. Roy. Soc., 1863, 12, 424) 
attempted to recover oxygen, absorbed by charcoal, by the agency 
of heat, and found that carbon dioxide was produced. C. J. Baker 
(loc, cit.) observed that charcoal which had adsorbed moist oxygen 
at room temperature yielded earbon dioxide when it was heated to 
100°, whereas dried charcoal which had absorbed dried oxygen 
yielded. only traces of gas (mainly monoxide) when heated to 450°. 
McLean (Trans, Roy, Soc. Canada, 1921, 15, 73) and other workers 
showed that no oxygen as such could be pumped off above 200°, the 
gases evolved consisting of the oxides of carbon. On the other hand, 
Dewar (Proc. Roy. Soc., 1904, A, 74, 122) observed that oxygen 
absorbed by charcoal at the temperature of liquid air could be 
recovered without change on raising the temperature, Lowry and 
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TasceE I. 


Detection of Flame 
~ observed 
CO, at CO at O,at at Observations. 
280—290° 280—290° — 510° A surface glow was observed 
~ at 470°, and scintillations at 
510°. 

460—470 460—470 Nil 710 | (1)A_ faint blue phosphor- 
escence (visible only in the 
dark) was seen at 540°; 
its intensity increased with 
rise in temperature in a 
slow stream but disap- 
peared in a rapid stream 
of N,O.* 

(2) Yellowish-green flashes 
were observed at 710°.* 
(3) No cyanogen was detected. 


>450 Nil Notobs. (1) The NO was completely de- 
up to composed : the issuing gas 
1150°. from the-reaction tube did 
not give brown fumes on 
exposure to air. 

(2) No cyanogen found, but a 
considerable amount of 
chlorine was detected in 
preliminary experiments. 

Reduction of CO, is very slow. 





It seems that the auto-oxid- 
ation of CO begins at 290°. 
Engler and Grimm (Ber., 
1897, 30, 2921) showed that a 
mixture of CO + H,O reacts 
with the evolution of CO, at 
300°. Cleminson and Briscoe 
(J., 1926, 2148) found that in 
the auto-oxidation of CO in 
presence of carbon CO, is not 
produced up to 300°. 


* A similar blue phosphorescence and yellowish-green flashes were observed 
when a mixture of CO and N,O was passed under reduced pressure through 
a similar tube at 710°. 

+ This chlorine had been retained by charcoal: nitric oxide treatment 
(see p. 2664) was therefore subsequently included in the process of purification, 
and all observations in Table I were repeated and confirmed with the purer 
charcoal, 


Hulett (loc. cit.) studied the absorption of oxygen over long periods 
of time, and concluded that ‘“‘ adsorption and surface condensation 
proceed simultaneously, the fixed oxygen being held by charcoal as 
@ surface compound or compounds.” Similar work with oxides of 
nitrogen has not been carried out before. 

A determination has been made (a) of the volumes of oxygen, 
nitrous and nitric oxides, carbon monoxide and dioxide, and nitrogen 
absorbed and retained by charcoal at 0°, and (b) of the quantity and 
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composition of the gas evolved when the charcoal was subsequently 
heated in a vacuum. 

Procedure—The apparatus used is shown in Fig. 2. It was 
tested for leaks by being kept under high vacuum over-night. 
Purified sugar charcoal (5 g.) im the silica tube A was heated to 
1150° in the furnace F and exhausted for 4—5 hours by means of 
the Hyvac pump followed by the Sprengel pump. At 1100—1150° 
a slow but continuous evolution of gas was observed and the pressure 


Fie. 2. 

















recorded on a McLeod gauge could not be reduced below 1-32 x 
10 cm. Hg (possibly owing to the softening of the silica vessel or 
to the reaction between carbon and silica); on lowering the temper- 
ature to 950° the pressure fell to 1-1 x 10% cm. Hg. 

After the above heat treatment, the furnace was removed and the 
bulb allowed to cool... It was then surrounded by finely powdered 
ice and kept at 0° for 4 hour: the absorption was then allowed to 
proceed by connecting the silica tube A with the gas burette, H, by 
means of the tap,m. The volume of the gas absorbed at the baro- 
metric pressure was recorded at regular intervals by means of the 


Vol. of gas absorbed by charcoal (5 g.). 
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TaBxeE II. 
Gas (c.2.) absorbed by 5 g. of charcoal. 


NO. N,0. CO,. co. 
199-4 429-4 407-4 94-4 
— 437-4 421-4 100-4 
242-4 442-4 426-2 103-4 
259-6 446-4 429-2 — 
— 449-4 431-8 —_ 
277-4 452-4 — 104-0 
294-6 455-4 432-4 104-8 
310-4 459-4 432-4 105-3 
329-3 460-4 432-4 105-3 
345-4 460-4 432-4 105-3 
376-4 460-4 432-4 105-3 
389-4 460-4 432-4 105-3 
403-6 460-4 432-4 105-3 


Fie. 3. 
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levelling tube, 1. The results are shown in Table II and plotted in 
Fig. 3. The absorption of nitrogen, nitrous oxide, and the oxides of 
carbon was complete after 4 hours, but that of oxygen and nitric 
oxide was incomplete even after 72 hours. After the absorption had 
proceeded for 72 hours, the charcoal in silica tube A was exhausted 
at 0° by means of the Sprengel pump and the evolved gas was 
analysed. In the preliminary experiments with 1 g. of charcoal, it 
was found that most of the first four gases was evolved in the first 
hour, but that oxygen and nitric oxide required 4—5 hours’ con- 
tinuous pumping. In the series with 5 g. of charcoal, the evacuation 
was extended to 5 days for the complete removal of the last two gases, 
whereas one day’s pumping was sufficient in the experiments with 
the other gases. The Sprengel pump was worked for 10 hours a day, 

4x2 
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and the pressure recorded at intervals of 2—3 hours. In the nitric 
oxide experiments, this reduced the pressure to 1-1 x 10-* cm. each 
day, but more gas was evolved over-night; this evolution of gas 
diminished gradually and the same pressure remained constant 
after the fifth day. 

The charcoal was next heated to various temperatures, at each of 
which the gas was allowed to accumulate for 2 hours, and was then 
pumped off and analysed. At each temperature the Sprengel 
pump was allowed to work for 2 hours after the “ click ” of mercury 
was heard, and the pressure of 1-1 x 10 cm. was registered before 
the temperature was again raised. 

In the nitric oxide experiments, the fluctuation in pressure noted 
at 0° was also found at temperatures up to 125°, but above this 
temperature the gas was readily removed. In order to compare the 
gas adsorbed by charcoal with that evolved on heating, separate 
experiments were carried out in which charcoal, exhausted at 150°, 
was suddenly heated to 450°, 600°, or 750°, and the gas allowed to 
accumulate. The temperature was then allowed to fall to 150°. In 
none of these experiments was the gas evolved ever reabsorbed or 
fixed by charcoal, thus indicating that the gas held in charcoal was 
different from the gas evolved. 

In the analysis of the gas, oxygen and oxides of carbon were 
estimated by absorption with standard reagents, nitrous oxide by 
explosion with carbon monoxide, and nitric oxide by absorption in 
a saturated solution of alkaline sodium sulphite, followed by ferrous 
sulphate treatment in order to ascertain if absorption was complete. 

The analytical results of a set of experiments with each gas are 
given in Tables III—VI, the weight of charcoal being 5 g. and the 
volume of the silica bulb 50-4 c.c. in each case. 


TaBe III. 
Experiments with oxygen. 
O, absorbed = 152:4 c.c. 
Composition, 
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The results in Table IIT show that (1) no oxygen escapes above 0°; 
(2) asmall quantity of gas is evolved between 0° and 280°; (3) at and 
above 280° a sudden increase in pressure is observed, the gas con- 
sisting of a mixture of oxides of carbon. 


TaBLe IV. 
Experiments with nitric oxide. 
NO absorbed = 454 c.c. 
Composition, 
NO. 
130-8 


10-9 
27-0 
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* A trace of nitrogen peroxide is suspected in the gas evolved below 125°, 
for the mercury of the pump was slightly affected. 
+ No gas was evolved between 150° and 280°. 


The results with nitric oxide show that (1) a large amount of 
nitrogen is present in the gas pumped off at 0°, i.e., charcoal interacts 
with nitric oxide and fixes the oxygen; (2) on raising the temper- 
ature, nitric oxide is pumped off, along with carbon dioxide and 
nitrogen, up to 125°, beyond which no nitric oxide escapes from the 
charcoal; (3) no appreciable amount of gas is evolved between 150° 
and 280°, but here a sudden increase in pressure occurs such as is 
observed in the experiments with oxygen, and the gas evolved above 
280° consists of a mixture of the oxides of carbon. 


TABLE V. 
Experiments with nitrous oxide. 


N,O absorbed = 510-8 c.c. 
Gas Composition,* Gas Composition,* 
Temp. of evolved, ————,. Temp. of evolved, 
evacuation.  .¢c. N,O. N;. evacuation. ¢.c. 
509-0  509- — 300° 0-1 
1-5 1 
0-4 


0 

5 _— 450 0-1 
— 0-4 600 0-1 
125, 150 0-2 —_ 0-2 750—950 0-2 


* Oxides of carbon were absent. 
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Table V shows that nitrous oxide is completely pumped off at 0°, 
i.e., it neither reacts with nor is retained by the charcoal; the gases 
detailed in Table VI behave similarly, and hence if they are produced 


TaBLE VI. 
Experiments with carbon monoxide, carbon dioxide, and nitrogen. 


Gas absorbed.....CO = 155-8 c.c. CO, = 482°8 c.c. N, = 182:°7 c.c. 
Gas Composition, Gas Composition, Gas Composition, 
Temp.of evolved, ——————. evolved, ——————.. evolved, - —_—_. 
evacuation. c.c. CO, CO. C*e.8. COs. . Res. cc. CO, CO. 
0° 1550 — 155-0 . + 132-5 
25 1- = 10 “8 " P ° 
50, 75, 100 4 _— _ 
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200 309 400 500 600 Joo tuo 900 
Temperature. 
The volume of the gas evolved during the heat-treatment of charcoal in a 
vacuum, in the experiments with (1) oxygen; (2) nitric owide; (3) nitrous 
owide ; (4) carbon diowide ; (5) carbon monoxide ; (6) nitrogen. 





in the reaction between charcoal and nitric oxide, they will not be 
reabsorbed or fixed by charcoal when the temperature is lowered. 

The foregoing results, at temperatures higher than 0°, are repre- 
sented graphically in Figs. 4, 5, and 6. 

The outstanding results of these experiments are: (1) The 
absorption by charcoal of oxygen and nitric oxide increases with 
time and so differs from that of carbon monoxide and dioxide, 
nitrous oxide, and nitrogen. (2) Charcoal retains oxygen on 
absorption at 0° in some form of complex which breaks down at and 
above 280° with formation of monoxide and dioxide. (3) Nitric 
oxide partly decomposes into nitrogen and oxygen when absorbed 
by charcoal at 0°, the oxygen being retained as in (2); further, a 
considerable amount is held by charcoal and interacts with the above 





Vol. of gas evolved. 


Vol. of gas evolved. 
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complex, giving carbon dioxide and nitrogen up to 150°; at and 
above 280°, the carbon-oxygen complex decomposes as in (2). 
(4) Nitrous oxide, nitrogen, and carbon monoxide and dioxide do not 
react with charcoal at 0°. 

Fie. 5. 


Vol. of gas evolwed. 


100 200 300 400 500 600 700 00 900? 
Temperature. 
Composition of the gas evolved during the heat-treatment of charcoal 
in experiments with oxygen. 
x Volume of gas. © Carbon dioxide. 
& Carbon monoxide. A Residual gas or nitrogen. 
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Composition of the gas evolved during the heat-treatment of charcoal 
in experiments with nitric oxide. 


x Volume of gas. @® Carbon monowide. @ Nitric oxide. 
®) Carbon dioxide. LA Nitrogen. 


Section C. The Interaction of Charcoal at 470° with Nitrous Oxide, 
Carbon Dioxide and Monoxide. 

Since these three gases do not react with charcoal at 0°, it is 
important to examine the products at temperatures sufficiently high 
to cause reaction. All the reactions have therefore been carried out 
at 470°, this being the lowest temperature at which nitrous oxide 
reacts (see Table I). 
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Procedure.—The apparatus used is shown in Fig.7. Purified sugar 
charcoal (5 g.) contained in the silica tube, A, was previously heated 
and exhausted at 1100° for 4 hours. The temperature was then kept 
constant at 470°. A measured volume of the gas was next admitted 
from the burette, H, and the pressure adjusted as rapidly as possible 
(1—2 mins.) to 1 atm. by means of the levelling tubes,/ andr. The 
taps, m and n, were now closed, the reaction allowed to proceed for 
one hour, and the tap m opened so as to connect with the trap, S, 
immersed in liquid air; the reaction was thereby arrested, nitrous 


Fia. 7. 














oxide and carbon dioxide being removed from the reaction chamber 
and condensed in the trap. The remaining nitrogen and carbon 
monoxide were then pumped off, and the reaction chamber was 
completely evacuated at 470°, the tap m closed, the liquid air 
removed, and carbon dioxide and nitrous oxide were collected. 

The subsequent heat treatment of charcoal in a vacuum was then 
carried out by raising the temperature of the furnace to 600°, 750°, 
and 900° and collecting the gases evolved at each temperature as 
described in Section B. Three experiments were performed with 
each gas and similar results were obtained. The analyses of the gases 
evolved in a set of experiments, given in Table VII, show that 
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Taste VII. 


Experiments with nitrous oxide, carbon dioxide, and carbon monoxide 
at 470°. 


N,O = 30°3 c.c. CO, = 138-0 c.c. CO = 10°8 c.c, 


Comp. of gas Comp. of 
Comp. of gas evolved,* c.c. evolved,* c.c. evolved,* rr 


CO, CO. N,O. Ny. Total. GO, CO. Total. GO,. CO. Total. 
G4 12 26 278 880 124 08 120 O01 106 107 





45 
ene -—- 8 6 — — =—. = = = 
— i — 1 iw -—- —- «o — — © 


* In each of the three cases under these headings there was a residue of 0-2 c.c. 


(1) the nitrogen of all the nitrous oxide that has decomposed is 
evolved along with unchanged nitrous oxide at 470°; (2) a part of 
the oxygen of the decomposed nitrous oxide appears at 470° and 
the remainder is evolved between 470° and 900°, always in the form 
of oxides of carbon; (3) at 470° charcoal neither retains carbon 
monoxide or dioxide nor removes oxygen from these gases. 

From these observations it may be concluded that the reaction 
between charcoal and nitrous oxide proceeds with the evolution of 
nitrogen and the fixation of oxygen in the same manner as is observed 
in the experiments with oxygen and nitric oxide (p. 2671); this 
fixation of oxygen is not observed in the reaction of charcoal with 
carbon monoxide or dioxide. 

The above results show that the combustion of charcoal depends 
upon adsorption. Nitrous oxide, carbon dioxide and monoxide, 
and nitrogen are adsorbed by charcoal and can be removed by lower- 
ing the pressure, but oxygen and nitric oxide are adsorbed and 
cannot be so removed. McBain (Phil. Mag., 1909, 18, 916) has 
defined the processes as (a) adsorption when there is a condensation of 
the gas on the surface of a solid; (6) absorption when there is a 
solution of the gas in the interior of the solid ; (c) sorption when there 
is a chemical reaction between the gas and the adsorbent in addition 
to adsorption or absorption. It is apparent that in case (a) the gas 
will be easily removed as such by evacuation, in case (5) it will resist 
removal by pumping and will be recovered unchanged by heating in 
a vacuum, whilst in case (c) it will not be removed unchanged by such 
treatment. Accordingly, at 0°, the first four gases afford instances 
of adsorption by charcoal, and the other two of sorption. 

The tendency of all recent work is to show that oxygen is held in 
charcoal owing to surface combination. This view is strongly 
supported by the evidence adduced in the present paper, viz., 
(1) at low temperatures nitric oxide is reduced by charcoal, its 
oxygen is fixed, as in the experiments with oxygen alone, and a 
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further quantity of nitric oxide reacts with this fixed gas and the 
charcoal, giving carbon dioxide and nitrogen; (2) the reaction 
between charcoal and nitrous oxide at 470° proceeds with evolution 
of nitrogen and fixation of oxygen. 


Tue ImpertaAL CoLLeGE OF SCIENCE AND TECHNOLOGY, 
Lonpon. [ Received, January 24th, 1929.] 





CCCLVII.—The Combustion of Charcoal in Oxygen, 
Nitric Oxide, and Nitrous Oxide. Part II. The 
Effect of Temperature. 


By MapuHaAviat SUKHLAL SHAH. 


Ly the preceding paper the author has shown that the combustion 
of charcoal in oxygen, nitric oxide, and nitrous oxide depends upon 
the fixation of oxygen in charcoal. Attempts are now described 
(a) to obtain further information about the flame combustion of 
charcoal in oxygen and nitrous oxide, and (5) to find an explanation 
for its flameless combustion in nitric oxide. As in the previous 
investigation, pure sugar charcoal and purified gases were used. 


The recorded volumes of gases are reduced to 0° and atmospheric 
pressure. 


Section A. The Decomposition of Nitrous Oxide. 

The thermal decomposition of nitrous oxide has been found to be 
bimolecular by Hunter (Z. phystkal. Chem., 1905, 53, 441), Hinshel- 
wood and Burk (Proc. Roy. Soc., 1924, 106, 284), and by Briner, 
Méiner and Rothen (Helv. Chim. Acta, 1926, 9, 409); the reaction is 
2N,0 —> 2N, + O, (I). Moreover, the last-named workers found 
that nitrous oxide in a rapid stream and above 700° gives nitric 
oxide: 2N,0 —> N, + 2NO—> 2N, + O, (II); in presence of 
quartz or platinum the amount of nitric oxide was greatly reduced. 

Richardson and Woodhouse (J. Amer. Chem. Soc., 1923, 45, 
2638) showed that charcoal was not oxidised in a mixture of carbon 
dioxide and nitrous oxide at 425°, and the author, having found 
(preceding paper, p. 2667) by using the streaming method that the 
evolution of nitrogen and carbon monoxide and dioxide from 
charcoal and nitrous oxide commences at about 460—470°, thought 
that the decomposition of nitrous oxide was a thermal effect and that 
surface action had little or no influence on it. He now finds, however, 
from experiments on the decomposition of nitrous oxide in a silica 
vessel either in absence or in presence of charcoal, that the decom- 
position is a surface effect, that the oxidation of charcoal is per- 
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ceptible even at 300—350°, and that various other substances 
promote the decomposition, thoria being more active than charcoal. 

Procedure.—In the initial experiments the reaction was studied in 
a closed system partly by a manometric method. The change in 
pressure was found to correspond with a bimolecular change only 
when the charcoal had been previously digested with nitrous oxide at 
the temperature of the experiment. The manometric method, how- 
ever, is inadequate, for the change in pressure is the effect of several 
simultaneous reactions, including fixation of gas in charcoal; hence 
the gases produced were analysed and the charcoal was carefully 
examined. 


Fie. 1. 
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The apparatus and experimental method were the same as described 
in the preceding paper (Fig. 7), the manometric connexion M being 
included : change in pressure (cm. of mercury) was noted at intervals 
of 5 minutes. Two series of experiments were conducted. Charcoal, 
previously exhausted at 1100°, was allowed to react with nitrous 
oxide which was admitted always at atmospheric pressure, and the 
reaction was arrested at the end of one hour by using liquid air to 
solidify carbon dioxide and unchanged nitrous oxide in the trap, S ; 
the pressure of the uncondensed gases, nitrogen and carbon monoxide, 
gave an indication of the extent to which the reaction had occurred. 

Blank experiments were made to test the effect of the silica vessel 
on the thermal decomposition of nitrous oxide. According to 
Briner, Meiner, and Rothen (loc. cit.) there was a risk of formation 
of nitric oxide which might lead to nitrogen peroxide. This was 
tested for as follows. The arrangement shown in Fig. 1 was inserted 
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between the phosphoric oxide tube and the trap S of the apparatus. 
The U-tube, which was detachable at the ground joints a and 8, 
contained coarsely powdered, moist sodium hydroxide for absorbing 
nitrogen peroxide (Barnes, J. Soc. Chem. Ind., 1926, 45, 2597). The 
tube was evacuated and weighed before and after the experiment, 
but no increase in weight was found and no nitrite could be detected, 
hence no peroxide was formed. 


TaBLe I. 
The decomposition of nitrous oxide in a silica vessel. 


Increase 
Temp. N,O in press., Gas Composition of gas. 
of admitted, after removed, % N,O 
expt. c.c. 1 hour. C.c. N,0. decomp. 
500° 28-4 ; 28-6 28-2 0-70 
550 26-4 . 26-9 25-7 3-38 
600 25-4 . 27-2 22-4 12-10 
625 24-0 ° 27-1 19-3 20-58 
650 24-6 ; 31-0 12- 52-00 
675 23-8 , 30-9 66-38 
700 22-8 , 31-9 85-21 
750 20-9 , 30-0 96-15 


The data given in Table I show that in absence of charcoal the 
decomposition of nitrous oxide in a silica vessel is slow at 500° but 


rapid at 700°. The results of similar experiments in the presence of 
charcoal are given in Table II and, together with those of Table I, 
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TaBe II. 
The decomposition of nitrous oxide in a silica vessel, charcoal (5°g.) 
being present. 
(i) Products removed at temperature of decomposition, ¢°. 
Press. % N,O decomp.* 

N,O in- Composition of gas removed at . 

ad- crease P,ec.c. |. ToCO, To 
Temp., mitted, in 1 hr., 

e. . 
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(ii) Products removed between é° and 900°. 


Comp. of gas removed between ¢° and 900°, % of original N,O 
e.c. of which o: 


Temp. of ap as + 
expt., é°. CO,. . Total. b0, at 900°. 
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are plotted in Fig. 2. The two series of experiments lead to the 
following conclusions. 

(1) The reaction between charcoal and nitrous oxide begins with 
the fixation of oxygen, which is small at low temperatures and 
increases rapidly as the temperature is raised. 

(2) The quantity of nitrogen produced at each temperature is a 
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measure of the nitrous oxide decomposed. Up to 300°, the corre- 
sponding amount of oxygen is fixed in charcoal and the evolution of 
oxides of carbon is not observed. Richardson and Woodhouse 
(loc. cit.) failed to detect the primary stage of this reaction below 
425° because (a) their charcoal had been exhausted at 450°; (6) the 
nitrous oxide was taken from a cylinder without further purification; 
(c) the production of carbon dioxide was used as the test for the 
oxidation of charcoal. 

(3) Above 300°, oxygen begins to appear as oxides of carbon, 
the velocity of the reaction increasing rapidly with rise of temper- 
ature. 

(4) The amount of carbon monoxide produced is small and fairly 
constant, but that of dioxide steadily increases, thus indicating that 
the monoxide first formed is subsequently oxidised. 

(5) In Fig. 2 the broken-line curve shows that the amount of 
oxygen fixed in charcoal gradually increases with rise in temper- 
ature, reaches a maximum at 500°, and then diminishes; thus a 
distinct change occurs in the surface of the charcoal above 500°. 

(6) The portion lying between this curve and the decomposition 
curve shows the quantity of oxygen which appears as oxides of 
carbon; if the dotted curve is prolonged it is found to meet the 
temperature axis at. about 700°, whereas flame is first observed at 
710°. 

(7) Curves I and II are similar: the presence of charcoal lowers 
the temperature of decomposition of nitrous oxide in a silica vessel 
by about 250°. 

The Decomposition of Nitrous Oxide in Presence of Various Catalysts. 
—On the suggestion of Professor H. B. Baker, F.R.S., a study was 
made of the effect of various catalysts, viz., thoria, alumina, titania, 
platinum foil, and platinum-black. The alumina and titania were 
obtained from Messrs. Hopkin and Williams, and the thoria from 
Kahlbaum. Platinum-black was prepared according to Loew’s 
method (Ber., 1890, 23, 289). 5G. of the catalyst were used in each 
case excepting that of platinum-black, of which only 2 g. were used. 
Before each experiment the catalyst was heated to 1000° in the 
silica tube and exhausted completely by means of the Sprengel 
pump. 

In experiments on the combustion of a mixture of hydrogen and 
nitrous oxide (Chem. News, 1909, 99, 125), Baker had found that the 
mixture did not react ordinarily at 530° in a Jena-glass tube, and 
that a similar gas mixture reacted without explosion in presence of 
thoria and with explosion in presence of radium bromide. It is now 
found that thoria decomposes nitrous oxide, the mechanism being 
a surface effect. 
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The apparatus and procedure were as described above, unchanged 
nitrous oxide being removed after 1 hour by means of liquid air, 
and other gases analysed. The catalyst was finally heated to 1000° 
and in no case was any gas evolved. The percentage of nitrous 
oxide decomposed in each case, including that of charcoal, is 
represented in Fig. 3; the curves bear a general resemblance to 
one another, and thoria is seen to be the most effective catalyst and 
silica the least. The inference can be drawn that thoria promotes 
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the reaction between hydrogen and nitrous oxide in Baker’s experi- 
ments (loc. cit.), for it brings about the decomposition of the latter 
gas at a low temperature. 


Section B. The Reaction between Charcoal and Nitrous Oxide. 


With a view to confirm the réle played by fixed oxygen in the 
reaction, and in order to obtain further information as to the products 
of the reaction, experiments were conducted with a larger volume of 
nitrous oxide than had been possible in one operation in the small 
silica tube. Charcoal and nitrous oxide were allowed to react at 
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470° as before, and after complete evacuation, the treatment with 
nitrous oxide was repeated. Three series of experiments were 
performed : in series I the treatment was carried out 5 times, and in 
If and III, 10 and 15 times, respectively. Then, after evacuation 
at 470°, the temperature of the furnace was raised to 600°, 750°, and 
900—950°, the gas being removed at each stage by the Sprengel 
pump and analysed. 

Similar experiments were performed with charcoal and (a) carbon 
monoxide and (5) carbon dioxide, but no gas was evolved when the 
temperature was raised. The charcoal that had been treated at 
470° with nitrous oxide, but not those treated with carbon monoxide 
and dioxide, yielded gases at higher temperatures. 

The results are exemplified by the longest series (III), shown in 
Table III. For instance, in Expt. 10, charcoal, which had been 
treated with nitrous oxide and exhausted at 470° in nine successive 
experiments, was allowed to react with nitrous oxide (32-8 c.c.) in 
the silica bulb. During 1 hour, the oxygen of 44-1%, of this nitrous 


TasBe III. 
The repeated treatment of charcoal with nitrous oxide. 


Series III, 
A. The reaction at 470°. 


% N,O decomposed.* 
N,O Composition of gas evolved at 470°, 
ad. c.c. To N3» 

Expt. mitted ToN, CO,& 

No. ec. N, Total. &0O, CO, Total. 
29-3 . 47-4 445 91-9 
28-2 . 35-2 53-2 88-4 
25-4 : 24-7 55:9 80-6 
24-8 . 29-6 78-0 
24-2 . 29-6 72-9 
23-6 . 25-3 70:0 
22-2 . 24-1 69-3 
22-4 . 25-5 69-7 
22-3 - - 23-3 67-4 
22-3 . 23-3 67-4 
22-4 . 19-8 67-3 
22-2 . 19-6 
22-7 : 21-1 
22-3 . 19-7 
22-8 . 19-6 
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* The oxygen produced in the first method of decomposition is retained by 
the charcoal. 


B. The gas collected at 600°, 750°, and 900—950°, 
Composition of gas evolved, c.c. 


Temp. CO,. co. N,0. N.. Total. 
600° 13-2 12-0 — 0-2 25-4 
750 2-9 27-7 — 0-4 31-0 

900—950 0-0 11-6 dus 2-0 13-6 
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oxide appeared as carbon monoxide and dioxide, and that of 23-3% 
remained fixed in charcoal and was only partially liberated as carbon 
monoxide and dioxide when the charcoal was heated to higher 
temperatures. 

Thus, the results of the repeated treatment of charcoal with 
nitrous oxide may be summarised as follows. (i) The fraction of 
nitrous oxide decomposed diminishes progressively at first and 
approaches constancy after about five treatments. (ii) The fraction 
of oxygen fixed in charcoal in each successive experiment also 
diminishes steadily until it attains a constant value (about 20%); 
the total amount of oxygen thus fixed, however, increases with 
successive treatments. (iii) The capacity of charcoal for fixing 
oxygen increases continuously, for it is still pronounced in the 
fifteenth experiment, although carbon dioxide and monoxide had 
been evolved in quantity and the charcoal had already fixed a large 
amount of oxygen in earlier experiments. This shows, incidentally, 
that carbon dioxide and monoxide are actually evolved before the 
saturation capacity of charcoal is reached. (iv) The amount of 
carbon monoxide produced in these experiments at 470° is constant 
and small, whereas that of the dioxide is constant and large. More- 
over, the composition of the gas evolved when the charcoal is heated 
in a vacuum confirms the previous conclusion that the reaction 


proceeds with the evolution of nitrogen and the fixation of oxygen, 
just as in the reaction between charcoal and oxygen or nitric oxide. 
A similar retention of gas is not observed in the repeated treatment 
of charcoal with carbon monoxide and dioxide. 


Section C. The Spectroscopic Examination of (a) Charcoal and 
(b) Carbon Monoxide burning in Nitrous Oxide 
(with R. H. Purcetz). 

The flame spectra of carbon monoxide when burning in air, in 
oxygen, and in nitrous oxide were examined by Smithells (Phil. Mag., 
1901, vi, 4, 476), who recorded a continuous spectrum, and by 
Weston (Proc. Roy. Soc., 1925, 109, 176), who showed that in the 
flame of undried carbon monoxide, two sets of independent reactions 
occur simultaneously, viz., (i) direct interactions between carbon 
monoxide and oxygen, which give rise to continuous and banded 
parts of the spectrum ; and (ii) interactions between carbon monoxide 
and water which produce the steam lines in the spectrum. 

The present work was carried out mainly to ascertain if the flame 
| combustion of charcoal in oxygen and nitrous oxide consists in the 
oxidation of carbon monoxide. ‘The flashes obtained in the com- 
bustion of (a) charcoal and (6) carbon monoxide in nitrous oxide have 
been photographed on a small Hilger quartz spectrograph. The 
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apparatus is shown in Fig.4. A diaphragm was used in front. of the 
slit to enable comparison spectra to be taken and a copper arc was 
used for reference purposes. 

(a) Charcoal in Nitrous Oxide.—Charcoal, obtained from reerystal- 
lised sucrose, was strongly ignited in a silica dish. The silica tube 
was heated electrically and maintained at 700—750°. Nitrous oxide 
was then admitted from the gas cylinder through a water bubbler 
and its flow regulated under reduced pressure by means of the water 
pump until the flashes occurred intermittently. Plate I shows an 
enlargement obtained from a 6-hours’ exposure. 

(b) Carbon Monoxide in Nitrous Ozxide—Nitrous oxide and 
earbon monoxide were collected over water in separate reservoirs 
and mixed before admission to the silica tube maintained at 750°. 
The proportion of each gas in the mixture was carefully adjusted 
and the pressure regulated by means of the water pump so that 
intermittent flashes were steadily produced. Plate II corresponds to 
an exposure of 4 hours. 

Fig. 4. 
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These photographs show that the spectra of charcoal and of carbon 
monoxide burning in nitrous oxide are similar, and since they 
resemble those obtained from the carbon monoxide flame in oxygen, 
air, and nitrous oxide, it is highly probable that the flame combustion 
of charcoal consists in the oxidation of carbon monoxide. 

The observations recorded in this and in the previous paper taken 
together lead to the following explanation of the mechanism of 
reaction between charcoal and nitrous oxide. 

The first stage is the evolution of nitrogen and the fixation of 
oxygen in charcoal. This fixation may be assumed to be due 
to the formation of the complex C,0,, suggested by Rhead and 
Wheeler (J., 1913, 103, 461) : 


zC + yN,O—>C,0,+yN,. -. - - (i) 


The complex then decomposes with the production of carbon 
monoxide and dioxide : 

















C,0, —_ uCO + vCO, . . . . . (ii) 
A fresh surface is thus exposed so that more nitrous oxide can be 
continuously decomposed. Reaction (ii) is accompanied by the 
subsequent oxidation of carbon monoxide in the gaseous phase. 
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When the temperature of reaction has greatly increased, more 
nitrous oxide is decomposed: the resulting oxygen forms the com- 
plex and oxidises carbon monoxide. At 710°, when these reactions 
proceed. rapidly, charcoal burns with the production of a flame 
owing to the rapid escape of carbon monoxide from the surface of 
charcoal and its subsequent oxidation in the gaseous state. It is 
suggested that the blue phosphorescence observed in a slow stream 
of nitrous oxide above 540° (see preceding paper, p. 2667) is due to 
the slow oxidation of carbon monoxide. 


Section D. The Reaction between Charcoal and (a) Oxygen at — 190° 
and —78°, and (b) Nitric Oxide at Various Temperatures. 

(a) The Reaction between Charcoal and Oxygen.—Two series of 
experiments were conducted at —190° and —78° mainly to find 
| whether oxygen is fixed by charcoal at low temperatures or not. 
The reaction was allowed to proceed for 1 hour with a limited amount 
of oxygen, but as this gas could not be pumped off at —190°, the 
temperature was raised to — 78° or to 0° whilst the ‘Hyvac ’ pump 
was in operation. Evolution of oxygen from the charcoal was slow 
at —78°, but almost the whole of it was evolved within 2 hours at 
0°. The connexion with this pump was then closed, the Sprengel 
pump was applied, and the temperature of the reaction vessel was 


gradually raised; no gas was evolved up to 500°, but between this 
and 600° a slight increase in pressure occurred. The temperature 
was therefore raised to 900° and the evolved gas collected and 
analysed : 

Oxygen admitted 535 c.c. at —190°. 522 c.c. at —78°. 


Gas evolved at 900° (c.c.) a a oor rs 


The tendency of charcoal to fix oxygen becomes very weak at 
these low temperatures, and it is highly probable that even these 
small amounts are fixed during the rise of temperature to 0°. Thus 
oxygen is not appreciably sorbed by charcoal below 0°. 

(b) The Reaction between Charcoal and Nitric Oxide.—The present 
experiments, in continuation of those described in the preceding 
paper, were carried out with a view to study the retention of nitric 
oxide by charcoal and also the flameless combustion of charcoal in 
this gas. In general there are two ways in which nitric oxide can 
be retained by charcoal : the charcoal may fix nitric oxide molecules 
upon its surface by means of chemical forces of attraction just as 
oxygen is retained, or the oxygen fixed in charcoal, as a result of 
chemical reaction between charcoal and nitric oxide, may still 
) possess properties whereby it retains nitric oxide. 

If the process depends upon the direct influence of charcoal, it may 
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be expected that (i) the nitric oxide will be retained by charcoal at a 
temperature such that it is not reduced, and (ii) the quantity of 
nitrie oxide fixed will not vary much below 125°, owing to the 
absence of such reactions as 2NO + O, = 2NO,, NO + NO,=N,0,, 
or NO, + NO, = N,Q,. If, on the contrary, an intermediate layer 
of oxygen produced by reduction of nitric oxide is responsible for its 
retention, the results will be that (i) the nitric oxide will not be fixed 
at a temperature where it is not reduced by charcoal ; (ii) the amount 
of nitric oxide fixed will differ enormously at various temperatures 
because the above-mentioned concurrent reactions would proceed 
in the pores of charcoal; and (iii) the chemical forces of attraction 
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between charcoal and oxygen might either grow weaker than those 
between oxygen and nitric oxide, with the result that nitrogen per- 
oxide would be produced, or might grow stronger and result in the 
production of carbon dioxide. 

In order to test which of the two explanations is in better agree- 
ment with the experimental facts, the reaction between charcoal 
and nitric oxide has been examined at various temperatures from 
— 190° to 600°, and it was first proved that. the surface of the silica 
vessel did not cause appreciable decomposition of the gas below 900°. 

Procedure. The apparatus used was that described in Fig. 7 of the 
preceding paper. An alteration, to facilitate the estimation of 
nitrogen peroxide in the presence of carbon dioxide and nitric oxide, 
consisted of the insertion (see Fig. 5) on the pump side of the 
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apparatus of a bulb with a tap n and of a-U-tube containing sodium 
hydroxide. 

Purified nitric. oxide was admitted at scematale pressure, and the 
reaction with chareoal (5 g.), previously exhausted at 1100°, was 
allowed to proceed. At the end of 1 hour, the reaction was shopped 
by opening the tap m (Fig. 7, loc; cit.) and immersing the trap S in 
liquid air, which removed carbon dioxide and a considerable amount 
of nitric oxide. ‘The charcoal was then evacuated for 2 hours, 
whereby nitrogen.and such nitric oxide as remained in the gaseous 
state were collected. The temperature of the furnace was then 
raised and the gas that was fixed in charcoal was estimated from the 
analysis of the gas obtained on subsequent evacuation at 900°. 

The presence of blue nitrogen trioxide in the liquid-air trap showed 
that nitrogen peroxide had been formed, but this'was observed only 
in experiments where the temperature had been raised suddenly 
from — 190° or —78° to 0° or 150°. 

Two methods were tried for determining nitrogen trioxide: 
(1) The connexion with the bulb (Fig. 5) was opened and the con- 
densed gas in S (i.e., NgO3,CO,, and NO) was transferred to the bulb 
by immersing it in liquid air; this was then replaced by a carbon 
dioxide-ether mixture, and carbon dioxide and nitric oxide were 
removed by pumping. At the end of the experiment, the bulb 
which contained the trioxide was disconnected, weighed, evacuated, 
and re-weighed, the difference giving the amount of nitrogen 
trioxide. (2) After the complete removal of nitrogen and nitric 
oxide, the U-tube containing coarsely powdered sodium hydroxide 
(Fig. 5) was left open for absorbing carbon dioxide and nitrogen 
trioxide.. The taps r and s were closed and the increase in weight of 
the tube was noted. The carbonate and nitrite now contained in the 
alkali were estimated in the usual way by means of standard acid and 
permanganate. 

Carbon dioxide in admixture with nitric oxide was estimated by 
absorption with potassium hydroxide, and nitric oxide in admixture 
with nitrogen by means of an alkaline solution of sodium sulphite, 
followed by ferrous sulphate treatment. 

The results of one set of experiments are given in Table IV. 

Formation of Nitrogen Peroxide—The formation of nitrogen 
peroxide throws considerable light on the mechanism of adsorption 
and chemical reaction with nitric oxide, and the conditions deter- 
mining it were therefore investigated. The reservoir C (Fig. 6) 
containing pure nitric oxide was connected through a sodium 
hydroxide tube to the apparatus at k. The apparatus was first of 
all evacuated, and the sugar charcoal (5 g.) contained in the silica 
tube was exhausted at 1100° for 4 hours by means of the Hyvac 
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pump. The taps /, m, and n were then closed and the tube A was 
allowed to cool. Nitric oxide was now admitted from the reservoir, 
C, to the bulb, B. Sodium hydroxide absorbed any traces of 
nitrogen peroxide. The taps, m and o, were closed, and the purity 
of the nitric oxide was tested by immersing the U-tube, D, in liquid 
air: if nitrogen tetroxide was present, it imparted a colour to the 
liquid owing to formation of trioxide. 

The silica tube, A, was now immersed in a carbon dioxide—ether 
mixture, and after } hour the absorption of nitric oxide was allowed 
to proceed by opening the tap /. After-3 hours the.silica tube, ‘A, 
was removed from the freezing mixture, and the U-tube immersed in 
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it and kept over-night, during which time some nitrogen trioxide 
condensed. 

The special features of these experiments taken together are as 
follows. 

(1) Nitric oxide is reduced by charcoal at all temperatures from 
—78° upwards; the nitrogen produced is a measure of the extent of 
decomposition, most of the corresponding oxygen remaining fixed 
in charcoal. 

(2) Some nitric oxide is retained by charcoal along with this 
oxygen even after 2 hours’ evacuation; the amount so retained 
diminishes progressively as the temperature is raised. 

(3) The nitric oxide so fixed is liberated (i) as such, (ii) as peroxide, 
or (ili) as carbon dioxide and nitrogen according to the conditions 
of the experiment : the second alternative occurs in low-temperature 
experiments when the temperature is suddenly raised from — 190° 
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or —78° to 0° or 150°, and the peroxide then combines with nitric 
oxide, giving trioxide; the other two alternatives obtain at high 
temperatures. 

(4) No carbon monoxide is produced below 500°. The retention 
of nitric oxide on the surface of charcoal and the formation of carbon 
dioxide at low temperatures show that carbon monoxide is oxidised 
by nitric oxide at the time of its formation in the pores of the 
charcoal. Some carbon monoxide is evolved in the experiments at 
600°, probably because the amount of nitric oxide held on the surface 
is insufficient for its complete oxidation. 

(5) At the temperature of liquid air, no nitric oxide could be 
removed on pumping : it remains condensed in the pores of charcoal 
(its b. p. is —150°). The reaction occurs at and above —78°, 
however. 

These observations, along with those recorded in the preceding 
paper on the reaction between charcoal and nitric oxide, indicate 
that these two substances react with evolution of nitrogen: 2xC + 
yNO —+> C,0, + 4yN,; the oxygen and some of the nitric oxide are 
retained by the charcoal; even at —78° the fixation of these two 
gases occurs simultaneously. This, taken in conjunction with 
other facts, viz., (a) that nitric oxide is continuously absorbed by 
charcoal at 0° (see Table II, Part I); (6) that it is partially removed 
on evacuation at various temperatures; and (c) that it gives rise to 
nitrogen peroxide under one set of conditions and to carbon dioxide 
and nitrogen under another, suggests that nitric oxide is retained on 
the surface of charcoal through the intermediate layer of oxygen. 

It therefore appears that the mechanism of adsorption is sub- 
stantially as suggested in deduction (iii) (p. 2686), oxygen atoms 
produced by reduction of part of the nitric oxide forming a layer 
which retains a further molecular layer of nitric oxide, thus: 


° ¢- -C: -O--NO. At low temperatures there is a tendency to 


the formation of nitrogen peroxide (accompanied by secondary 
reactions such as the production of trioxide), which leaves the 
chareoal surface free to absorb nitric oxide again, and the con- 
tinuance of this process accounts for the extensive absorption of 
nitric oxide observed at 0°. Above 50°, however, carbon dioxide 
and nitrogen are produced owing to a different scission of the 
surface complex, and a fresh surface is exposed. 

Experiments with charcoal and (a) oxygen and (b) nitric oxide 
show that (i) the union between carbon and oxygen is stronger at 
high temperatures than at low, and (ii) charcoal retains oxygen 
per se much less readily than that formed from nitric oxide. More- 
over, the facts that the fixation of oxygen is extensive in experiments 





NITRIC OXIDE, AND NITROUS OXIDE. PART H. 2691 


with oxygen or nitric oxide at 0° and with nitrous oxide at 470°, and 
that nitric oxide molecules are always retained along with the fixed 
oxygen on the surface of charcoal, suggest that the fixed oxygen is 
more likely to exist, not in the form of a compound, C,0,, such as is 
assumed by Rhead and Wheeler (loc. cit.), but in a “ special state,” 
under the influence of the surface atoms of charcoal, as suggested by 
Keyes and Marshall (J. Amer. Chem. Soc., 1927, 49, 158). 


Summary and Conclusions. 


The conclusion to be drawn from the present work is that the 
initial stage in the combustion of charcoal in oxygen, nitrous oxide, 
or nitric oxide is the same, ?.e., the fixation of oxygen. The com- 
bustion in nitrous oxide depends mainly on the decomposition of the 
gas accompanied by fixation of oxygen, and is therefore similar to 
that in oxygen. This is followed by the formation of carbon mon- 
oxide and dioxide, which takes place at 280° in oxygen and at 460° in 
a stream of nitrous oxide. The vigour of combustion is dependent 
on the rate of formation of carbon monoxide, and the subsequent 
oxidation of this gas is the cause of the flame observed in oxygen 
or nitrous oxide. 

The mechanism of reaction with nitric oxide is slightly different, 
for charcoal retains this gas as well as oxygen. The reaction then 
proceeds between charcoal and these fixed gases, and the ultimate 
products, except at low temperatures, are carbon dioxide and 
nitrogen. So strong is the retention of nitric oxide that even in a 
rapid stream of the gas carbon monoxide is not detected, and the 
combustion proceeds without phosphorescence or the production of 
a flame. 

These observations help to check previous hypotheses as to the 
mode of burning of charcoal in oxygen. 

The first explanation, that carbon dioxide is the primary product 
and the monoxide results from its reduction, is untenable in the light 
of the experiments with carbon dioxide at 0° and at 470° as compared 
with those with oxygen : carbon dioxide is not retained by charcoal, 
and the amount of monoxide produced by its reaction with charcoal 
at 470° is much less than is evolved from fixed oxygen (see Tables 
Ill, IV, and VII, Part I). Moreover, if the explanation were true, 
the combustion of charcoal in oxygen or nitrous oxide would be 
similar to that in nitric oxide, which is not the case. 

The second explanation, that carbon monoxide is first formed and 
the dioxide results from secondary oxidation through the agency of 
water molecules, is more tenable but cannot be examined without 
further knowledge of the function of water vapour. It is suggested 
that carbon monoxide may be oxidised at the time of its formation 
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by oxygen held in a superincumbent layer on the surface of charcoal, 
just as it is oxidised by nitric oxide in the surface reaction of that gas 
with charcoal. 

The author does not agree with Rhead and Wheeler’s suggestion 
(loc. cit.) that in the complex, on which the oxidation of charcoal 
depends, ‘‘ several carbon molecules hold one oxygen molecule ”’; he 
prefers Langmuir’s suggestion that “‘ on the surface of charcoal one 
adsorbable atom or molecule of the gas would be bound for each 
carbon atom,” and concurs with the further suggestion of Keyes and 
Marshall that the oxygen fixed by charcoal exists in a special state 
so that the first layer can adsorb other molecules (or atoms). From 
the author’s experiments, it appears that the oxygen derived from 
nitric oxide and fixed in charcoal is able to attach nitric oxide to 
itself. Moreover, because of the possibility of obtaining nitrogen 
trioxide from charcoal and nitric oxide, it appears that at least one 
layer of nitric oxide is attached to the innermost layer of the surface. 

There are grounds for believing that the oxygen fixed in any one 
layer from the pure gas is much less in quantity than oxygen and 
nitric oxide fixed in a similar layer from nitric oxide; also, owing to 
the greater chemical activity of nitric oxide, the number of superin- 
cumbent layers, of this gas is: much, greater than that of oxygen. 
Further, at low temperatures the amount of oxygen held in the first 
layer is less than in the second and succeeding layers, with the result 
that much of it is recovered as such-on pumping. With increasing 
temperature, increasing quantities of oxygen are held in the first 
layer and decreasing quantities in the others, until finally at high 
temperatures only one layer is formed; consequently at first the 
gases evolved on heating contain increasing proportions of monoxide 
and dioxide, but later the dioxide decreases and ultimately the 
monoxide is the sole product. 
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CCCLVITI.—The Electrokinetic Potential and its Re- 
lation to the Rate of Coagulation of Colloids. Part I. 


By Broprenpra Natu GHosa. 


Tue stability of a colloid is generally recognised to depend upon 
(1) the size of its particles, (2) their electrical charge, and (3) their 
state of solvation. In the case of lyophobic sols, solvation is very 
small, and hence stability is determined mainly by the other two 
factors. Hardy (Proc. Roy. Soc., 1900, 66, 110) first suggested 
that a colloid is coagulated when its electrical charge is reduced 
to zero: when the particles are electrically charged they repel 
one another and hence cannot coalesce, but when the charge is 
removed there is nothing to prevent their aggregation. As the 
aggregates become larger, their Brownian movement becomes 
more sluggish and finally stops altogether; at this stage they 
begin to settle under the action of gravity. 

The cataphoretic measurements of Ellis (Z. physikal. Chem., 
1912, 80, 597) and of Powis (ibid., 1915, 89, 186) showed con- 
clusively that Hardy’s view is not quite correct. Powis observed 
that, in an oil emulsion, the drops begin to coalesce when their 
electrokinetic potential is reduced to-about 0-030 volt by the 
addition of an electrolyte, and from Burton’s measurements of 
the cataphoretic velocity of a copper oxide sol, he showed that 
this sol becomes unstable when its potential falls to about 0-021 
volt. It was therefore suggested that a colloid becomes unstable 
when its electrokinetic potential falls below a certain critical value 
which Freundlich (‘‘ Colloid and Capillary Chemistry,” English 
transl., 1926, p. 418) now terms the “ first critical potential.” 
Later investigations by Powis (J., 1916, 109, 734), however, were 
not in agreement with this view, for the coagulation of arsenious 
sulphide sol started at a potential of about 0-026 volt when salts 
of multivalent kations (e.g., Ba, Al, and Th’) were used, but 
at much higher potentials (0-044 and 0-050 volt) when potassium 
chloride and hydrochloric acid were used; he therefore suggested 
that the last two reagents had a salting-out effect on the colloid. 

Recently Kruyt and Willigen (Z. physikal. Chem., 1927, 130, 
170) observed that with potassium ferrocyanide an arsenious 
sulphide sol is coagulated when its cataphoretic velocity is higher 
than that of the original sol. Since the rate of cataphoresis depends 
both on the electrokinetic potential and on the dielectric constant 
of the dispersion medium, they thought that the colloid is coagul- 
ated at a low potential but the high velocity is due to an increase 
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in dielectric constant owing to the presence of electrolyte in high 
concentration. Mukherjee and his co-workers (J. Indian Chem. 
Soc., 1928, 5,735; Nature, 1928, 122, 960) noted a similar behaviour 
of this sol in presence of potassium chloride as coagulator, but 
found differences according to the mode of preparation of the sol: 
during coagulation one type showed a higher, and another type a 
lower cataphoretic velocity than the corresponding original sol; 
further, he pointed out that an increase in dielectric constant alone 
could not explain the observed facts unless an improbably high 
value were assigned to it. 

The foregoing data pertain to the region of slow coagulation, 
and no measurements are on record of the electrokinetic potential 
of a colloid in the zone of rapid coagulation where the potential is 
generally believed to be nearly zero. Freundlich (op. cit., p. 432) 
distinguished between these two types and thought it probable 
that the comparatively quick transition from one to the other was 
connected with the electrical properties of the micelles, agreeing 
with Zsigmondy’s assumption that in the region of rapid coagulation 
the micelles are almost completely discharged and are near their 
isoelectric point. He thus distinguished two critical potentials, 
the first (see above) which must be attained in order that flocculation 
may be definitely started, and a second, immediately at the zero 
potential of the double layer, at which the slow coagulation velocity 
passes into the rapid. The present work was undertaken with the 
view of measuring the electrokinetic potential of colloids in the 
zone of rapid coagulation, and the results with sols of arsenious 
sulphide and ferric oxide are now described. 

The electrokinetic potential of colloids coagulated by the addition 
of electrolytes was measured by the electroendosmotic method. 
Perrin’s modification of Helmholtz’s equation for electroendosmosis 
is 

V = @heDiaeIyn. . . . « s 
where V is the volume (in c.c.) of the liquid flowing per second 
through the capillary of cross-section q and length L, FH is the 
potential difference between the two ends of the capillary tube, 
¢ the potential of the double layer, D the dielectric constant of 
the medium, and 7 its viscosity. If, instead of a single capillary, 
@ porous diaphragm is used, we may regard it as a bundle of capil. 
laries of effective cross-section g and length L. Now E ='ik, 
where ¢ is the current and & the resistance, and R = L/qx, where« 
is the specific conductivity of the liquid filling the pores of the 
diaphragm. Substituting these values in (1), we have 


V = ieD /Annx 
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EXPERIMENTAL. 
Arsenious Sulphide Sol. 


The sol was prepared by stirring a nearly half-saturated solution 
of arsenious oxide into an equal volume of saturated hydrogen 
sulphide solution. Hydrogen sulphide was then passed through 
the mixture for nearly 3 hours to ensure that all the oxide had been 
converted into sulphide, excess of the gas was removed by bubbling 
hydrogen through the liquid, and the sol was stored in Pyrex-glass 
bottles in the dark. 

The equicoagulating concentration of the different electrolytes 
was determined as follows. A 16-c.p. lamp was placed inside a 
wooden box provided with a narrow slit through which the glowing 
filaments could be seen, and the tube containing the colloid— 
electrolyte mixture was held in front of the slit. As coagulation 
proceeded, the filaments appeared fainter and finally could not be 
seen. The concentration of each electrolyte was so adjusted that 
this stage was reached in 25—30 seconds after mixing, equal volumes 
of electrolyte solution and sol being used in each case. 

The electroendosmotic measurements were carried out in the 
form of apparatus previously described (J., 1926, 2605; 1928, 
711). About 15 minutes after the addition of the electrolyte the 
flask was vigorously shaken, and the colloid allowed to settle. The 
clear solution at the top was decanted into a beaker, and the 
coagulum transferred to the U-tube, which was then rotated in 
a centrifuge until the coagulum settled at the bottom and occupied 
a certain volume fixed by two marks one on each limb of the U-tube. 
The tube was then filled with the solution from which the colloid 
had separated, and placed in a beaker containing water at 15°. 
Two platinised platinum electrodes were introduced, one in each 
limb of the U-tube, and the total resistance (R) between them was 
measured. A difference of potential (Z) was then applied. between 
the electrodes. This was measured by a voltmeter and could be 
maintained constant within + 1 volt by means of an adjustable 
resistance. The specific conductivity (x) of the solution filling the 
U-tube and diaphragm was also determined at 15°. 

It will be seen from equation (2) that, other factors remaining 
constant, the velocity of electroendosmosis should be directly pro- 
portional to the current. This was tested by varying H for the 
same filling of the U-tube, and the following results show that V/i is 
fairly constant within the range investigated. 


Cone. of BaCl,. 4, amp. V (c.c. per 30 secs.). V ji. 


0-0037N 0-0045 0-021 4-66 
” 0-0091 0-0438 4-81 
”? 0-014 0-065 4-64 
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It also follows from equation (2) that when i remains constant V 
should be independent of the amount of material packed in the 
same volume, provided the specific conductivity of the solution 
does not change with the degree of packing. This was proved by 
making the precipitate obtained from different volumes of the 
same arsenious sulphide sol occupy a definite volume, the current 
being maintained constant by adjustment of FH : 


Vol. of sol Final conc. V (c.c, pe 
(c.c.). of MgCl,. 7, amp. 30 secs.). 
, 80 0-002N 0-0058 
60 > > 
40 > 


It can be inferred from this that the specific conductivity of the 
electrolyte inside the diaphragm is independent of its packing and 
hence, in all probability, has the same value as the solution in 
bulk. 

In the following experiments 50 c.c. of arsenious sulphide sol 
were always mixed with 50 c.c. of the electrolyte solution. In 
some preliminary experiments the electrokinetic potential « was 
measured at different intervals after the addition of electrolyte 
to the colloid, but the value was the same whether measured within 
an hour or 24 hours after such addition. In most of the cases in 


Table I the measurements were taken within 1} hours after the 
addition of the electrolyte. A zero in the second column denotes 
that coagulation was instantaneous. 


TaBLeE I. 
(D = 81; 7 = 0-0116.) 
Conc. of Time of a « x 10° 
electrolyte. coag. .c.). (amp.). «X104, (volts). 

0-0009N -AICI, 25—30 secs. . 0-0034 1-94 
0-0018 ,, 0 . 00039 2-64 
0-0036 ,, 0 . 00051. 3-28 
0-015 ,, 0 00130 8-17 
0-0005N-Th(NO,), 25—30 secs. 00029 = s-1-65 
0-001 » 0 , 0-0034 2-16 
0-00184N-BaCl, 25—30 secs. ° 0-0058 3-22 
0-00368_ ,, 0 0-0090 5-20 
0-00196N-SrCl, 25—30 secs. , 0-0057 3-48 
0-00390 ,, 0 0-0090 5-51 
0-00205N-MgCl, 25—30 secs. 0-0058 3-63 
0-0041 ” 0 0-0099 6-06 
0-0038N-C,H,;-NH,Cl 25—30 secs. 0-0077 5-08 
0-0080 =, 0 0-0267 29-2 

0-013N-CN,H,,HNO, 25—30 secs. 0-015 15-2 

0-068N-KCl 25—30 secs. . 0-0175 71-8 

0-070N-KNO, 25—30 secs. 0-044 73-6 
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The first five salts in Table I are seen to coagulate the sol within 
25—30 seconds when its potential reaches 14—15 millivolts. This 
constancy of the potential, however, disappears altogether when 
salts of univalent kations are considered, for the same rate of 
coagulation occurs at 25—46 millivolts for different salts. In 
general, the higher the coagulating concentration of a univalent 
kation the greater is the electrokinetic potential. It will also be 
noticed that, even with the salts of the multivalent kations, when 
their individual concentrations are increased to twice the value of 
their equicoagulating concentrations the potential changes to 
different extents: the bivalent kations diminish it slightly, whereas 
the ter- and quadri-valent kations reduce it to about 9-1 millivolts. 
The results also show that in the zone of rapid coagulation ¢ is not 
zero but is variable, e.g., 8-9 for thorium nitrate and 18-1 for aniline 
hydrochloride. 

Electrokinetic Potential in Mixtures of Electrolytes.—It was first 
observed by Freundlich and Scholz (Freundlich, op. cit., p. 460) 
that during the coagulation of arsenious sulphide sol by magnesium 
chloride, the presence of lithium chloride in small quantities retards 
the coagulation markedly, and a higher concentration of magnesium 
chloride is required to coagulate the colloid. This kind of ionic 
antagonism has also been observed for different pairs of ions and 
for various colloids by other investigators (e.g., Mukherjee and 
Ghosh, J. Indian Chem. Soc., 1925, 1, 213; Sen, ibid., 1926, 3, 81; 
J. Physical Chem., 1925, 29, 517; Dhar and co-workers, ibid., 
1925, 29, 435, 659; 1926, 30, 649; Weiser, ibid., 1924, 28, 232; 
Alexander, “‘ Colloid Chemistry,” Vol. 1, p. 613). In all these 
cases nothing is known as to the potential at which the colloid is 
coagulated, but it has been tacitly assumed that it remains the 
same for mixtures as for the individual electrolytes. Table II 
contains the results of some measurements (carried out exactly as 
above) in which mixtures of electrolytes were used, the rate of 
coagulation being approximately the same for each mixture. 

The above data show clearly that on addition of potassium 
chloride to the other salts the potential at which coagulation takes 
place is much higher than the mean value (14-6 millivolts) when 
the salts of the multivalent kations were used singly. Further, as 
the concentration of potassium chloride is increased in the mixtures, 
the potential also increases. From this it can be concluded that 
the rate of coagulation of arsenious sulphide sol in these mixtures 
of electrolytes does not depend on the electrokinetic potential. 
This statement, however, involves the assumption that the dielectric 
constant of the dispersion medium does not change, but, as the 
total concentration of the electrolytes in the mixtures never exceeds 
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Taste II. 


V x 104 e x 103 
Conc. (N). (c.c.). 4 (amp.). x X 104. (volts). 


Mizxtures of BaCl, and KCl. 


BaCl,. KCl. 

0-00184 0-000 15-8 0-0058 3 
0-00184 0-001 19-5 0-0074 4- 
0-00184 0-002 21-5 0-0090 5- 
0-0019 0-004 23-4 0-014 8: 


Miztures of MgCl, and KCl, also MgCl, and LiCl. 
MgCl,. KCl. 
0-002 0-000 14:8 0-0058 3-63 
0-002 0-002 21-6 0-0099 6-02 
0-0021 0-004 24:1 0-014 8-78 
MgCl,. LiCl. 
0-002 0-004 24-1 0-0135 8-72 


Mizxtures of AlCl, and KCl. 


AIC). KCl. 
0-0009 0-000 16-3 0-0034 
0-0009 0-001 17-4 0-0055 
0-0009 0-002 20-0 0-0074 
0-0009 0-004 21-7 0-0103 
Miatures of Th(NQ,), and KCl. 
Th(NO,),. KCl. 
0-0005 0-000 15-1 0-0029 1-6 
 0-0005 0-004 21:3 0-0111 6-1 
0-0005 0-008 24-5 0-0189 10-8 


5 
2 


0-01N, the dielectric constant should not differ appreciably from 
that of pure water. 

There are two ways in which the addition of potassium chloride 
to the above salts could increase e—(1) by increasing the thickness 
of the double layer, and (2) by increasing the electric charge of the 
colloid. According to Gouy (compare Freundlich, op. cit., p. 252) 
and Chapman (Phil. Mag., 1913, 25, 475), however, the thickness 
of the diffuse double layer diminishes on the addition of an electro- 
lyte; hence, an increase in e on the addition of potassium chloride 
must be ascribed to the second cause, and, since arsenious sulphide 
is known to adsorb potassium chloride (compare Dhar and Weiser, 
loce. cit.), the increase in charge may be due to the adsorption of the 
chloride ion. 

Ferric Hydroxide Sol. 


This sol was prepared by pouring a concentrated solution of 
ammonium carbonate in small quantities at a time into a vigorously 
stirred ferric chloride solution, until a permanent precipitate was 
formed. At this stage some fresh ferric hydroxide solution was 
added to peptise the precipitate. The sol was then dialysed until 
the external water gave scarcely any precipitate with silver nitrate. 
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The sol became dilute during dialysis and was therefore concentrated 
somewhat by evaporation at 60—70° for about an hour. 

The equicoagulating concentrations of the different electrolytes 
were determined in the following manner. The concentration of 
an electrolyte was so adjusted by trial that when the colloid was 
centrifuged at about 1000 r.p.m. for 10 minutes after the addition 
of the electrolyte it left a clear solution at the top; if the con- 
centration of the electrolyte happened to be less than this value 
by 5%, it could not bring about a separation of the colloid even 
on standing for 24 hours in a test-tube. In Table III the equi- 
coagulating concentrations of the electrolytes are marked with 
an asterisk : the next higher concentrations coagulated the colloid 
almost instantly. The procedure was otherwise exactly the same 
as already described. The minus sign before the values of ¢ indicates 
that the colloid had become negatively charged. 


TaB_eE III. 
Cone. (N) of V x 104 « X 103 
electrolyte. (c.c.). 4 (amp.). «xX ‘TO, (volts). 
Potassium oxalate. 
0-0065* ° 0-0088 , 32:5 
0-007 . 0-0092 . 25-5 
0-0105 . 0-0133 . —11-6 
Potassium sulphate. 
0-0066* . 0-0088 : 32: 
0-0071 , 0-0090 ° 29- 
0-0109 , 0-0133 ° 7: 
0-0190 ° 0-0214 , — 4 
0-0285 ° 0-0283 . —1l1- 
Aniline sulphate. 
0-008* ‘ 0-0083 
0-0085 . 0-0089 
0-01 . 0-0098 
Potassium ferricyanide. 
0-00065* ° 0-0081 
0-00075 , 0-0090 
0-001 — 
Potassium chloride. 
0-10* : 0-0376 103-0 


Sodium hydroxide. 
0-0075* 22-0 0-0085 5 31-5 
0-0084 18-3 0-0106 ‘0 25-2 
0-0144 24-7 0-0180 13-2 —29-3 


Examination of Table III shows that for the same rate of coagul- 
ation the potential at which potassium chloride coagulates the sol 
is about 34 millivolts, whereas for the other five substances it is 
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between 30-2 and 32-5 millivolts. In 0-1N-potassium chloride 
solution, however, the possibility of an increase in the dielectric 
constant of water’ must be taken into account, and, moreover, 
evolution of gas bubbles makes the results somewhat inaccurate. 
Allowing for these disturbing factors, it may be concluded that 
all the above ‘salts coagulate ferric hydroxide sol at a potential of 
about 32 millivolts. The behaviour of this sol may therefore be 
said to be in agreement with the current conception of a “ critical 
potential.” 

Effect of Sensitising Agents on the Critical Potential—Kruyt and 
Van Duin (Koll.-chem. Beih., 1914, 5, 269) observed that the con. 
centrations of a uni- and of a ter-valent kation required to coagulate 
an arsenious sulphide sol are lowered by the addition of phenol or 
isoamyl alcohol. Freundlich and Rona (Biochem. Z., 1917, 81, 
1871) showed that non-electrolytes such as camphor, thymol, and 
urethane make a ferric hydroxide sol sensitive to the action of 
electrolytes. Wo. Ostwald (“‘Grundriss der Kolloidchemie,”’ 1st 
Edtn., 1909, p. 441) pointed out that non-electrolytes are likely to 
affect the stability of a colloid by changing the dielectric constant 
and thereby affecting the electric charge. The measurements of 
Freundlich (op. cit., p. 464) and of Mukherjee and co-workers (J. 
Indian Chem. Soc., 1928, 5, 697) show that the cataphoretic velocity 
of a colloid diminishes on the addition of non-electrolytes. The 
following measurements with sols of arsenious sulphide and ferric 
hydroxide were undertaken with a view to ascertain how far 
change in the rate of coagulation brought about by the addition 
of sensitising agents such as thymol, amy]! alcohol, etc., produces a 
concomitant change in the potential of the double layer. The 
experiments were conducted in the same way as described pre- 
viously, @ given volume of a mixture of electrolyte and sensitiser 
being mixed with an equal volume of colloid. Corrections were 
made for the changes in viscosity of the solutions in the case of 
urethane, phenol, and amyl alcohol. The results are in Table IV, 
and J, i, x, and e are expressed in the same units as before. 

The rate of coagulation of ferric hydroxide sol is accelerated by 
the addition of thymol, urethane, and amyl alcohol, and corre- 
sponding to this acceleration there is also found a lowering of «. 
The results obtained with arsenious sulphide sol are, however, 
different : phenol and amy] alcohol accelerate its rate of coagulation 
in potassium chloride solution and retard it in strontium chloride 
solution, but the potential does not show a corresponding change— 
this is not surprising, since it has already been shown in the case 
of arsenious sulphide that for the same rate of coagulation <« may 
have different values. 
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TaBLeE IV. 
Solution. V x 104 a. x X 104 e X 103, 


Ferric hydroxide sol. 
KCl, 0-1N 7-6 0-0376 103-0 33-7 


“A 
wy 7-0 0-042 92-0 31-0 


Thymol, half satd, | * . : 
KC, O-IN J 7-0 0-0427 109-0 28-8 


CON pall ane. 6-7 0-0415 96-0 27-9 


K,S0,, 0-0066N 21-3 0-0088 8-3 32:5 
C,H, ,-OH, half satd. 17-6 0-0084 17 29-0 


15-0 0-0074 6-8 27-9 
19-5 0-0088 8-2 29-3 
Arsenious sulphide sol. 


KCl, 0-07N 13-5 0-041 79-0 42-1 


oat re a se 11-8 0-039 75-0 40-8 


Phenol, 10% 
KCl, 0-07N 7 } 14-0 0-042 79-4 44-9 


SrCl,, 0-002 13-4 0-0055 3-80 15-0 
Ha a a 0-003 21 15-1 


9 


Discussion. 


The behaviour of ferric hydroxide sol so far investigated is in 
agreement with the theory of a critical potential. For a given rate 
of coagulation arsenious sulphide sol also shows a constant potential, 
provided multivalent kations are employed for coagulation, but 
this regularity disappears completely when salts of univalent 
kations or their mixtures with multivalent kations are used. The 
investigations of Kruyt and Willigen (loc. cit.) and of Mukherjee 
and his co-workers (loc. cit.) further show that in solutions of potass- 
ium ferrocyanide and chloride, arsenious sulphide is coagulated 
even when its cataphoretic velocity is higher than that of the 
original sol. Freundlich (op. cit., p. 419) suggests that this anomaly 
is in some way connected with the hydration of the sol, but this is 
doubtful, for, if it were so, the anomaly should have been still more 
prominent in the more hydrophilic ferric hydroxide sol, whereas 
actually the behaviour of this sol is quite normal. 

This apparently anomalous behaviour of arsenious sulphide sol 
is capable of the following explanation. It is assumed that the 
force with which two particles of the sol attract each other varies 
inversely as the distance according to a power much higher than 
in the case of the electric repulsion due to the presence of the double 

4x2 
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layer. According to Gouy (loc. cit.), Chapman (loc. cit.), and 
Debye and Hiickel (Physikal. Z., 1924, 25, 49), the movable side 
of the electric double layer is diffuse; in the absence of any electro- 
lyte this layer has considerable thickness. Now two particles can 
approach each other unhindered until their ionic atmospheres begin 
to interpenetrate, but they will then experience a repulsive force, 
On progressive addition of an electrolyte the thickness of the 
diffuse layer is continuously reduced, and the particles can approach 
increasingly closer to each other without experiencing any repulsive 
force until finally they come so close that the attractive force just 
overcomes the electric repulsion. The colloid will begin to coagulate 
in the neighbourhood of this concentration of electrolyte. A 
diminution in the thickness of the diffuse layer should produce a 
corresponding decrease in e, provided the charge on the particles 
remains constant. Now, the increased cataphoretic velocity of 
arsenious sulphide sol brought about by addition of potassium chlor. 
ide and ferrocyanide shows that the sol adsorbs Cl’ and Fe(CN),”’”’ ions 
strongly; hence, in these cases a decrease in « due to a diminution 
of the thickness of the double layer can be more than counter. 
balanced by an increase in the charge of the colloid due to the adsorp- 
tion of anions. In the region of concentration of electrolyte where 
coagulation just begins, a slight increase in concentration will 
enable the particles to approach a little closer to each other; this, 
however, would produce a considerable increase in the force of 
attraction between the particles and hence increase the rate of 
coagulation greatly. This accounts for the enormous increase in 
the rate of coagulation for a small increase in the concentration 
of electrolyte although « does not change much. The anomalous 
behaviour of a colloid is therefore to be attributed to a strong 
preferential adsorption of an ion having the same charge as the 
colloid. Further work with other colloids is in progress along these 
lines. 
Summary. 

1. Measurements of the electrokinetic potential (ce) of arsenious 
sulphide sol in presence of equicoagulating concentrations of differ- 
ent electrolytes show that for the multivalent kations the potential 
fluctuates between 13-9 and 15-1 millivolts, whereas for univalent 
kations it varies within wide and higher limits. 

2. For nearly the same rate of coagulation, addition of small 
quantities of potassium or lithium chloride to various multivalent 
electrolytes increases « markedly, and the higher the concentration 
of potassium chloride the greater the value of «. For salts of uni- 
valent kations and their mixtures with multivalent kations there is 
therefore no simple relation between the electrokinetic potential 
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and the rate of coagulation of the sol. Further, an increase in 
dielectric constant cannot account for the observed increase in the 
rate of electroendosmosis. 

3. Using chloride, sulphate, oxalate, and ferricyanide of potass- 
ium, sodium hydroxide, and aniline sulphate as coagulators, it 
has been shown that ferric hydroxide sol becomes unstable when 
its potential falls to about 32 millivolts. 

4. In presence of electrolytes the rate of coagulation of ferric 
hydroxide sol is accelerated by the addition of thymol, urethane, 
and amyl alcohol, and corresponding to this acceleration there is 
a decrease of potential. In arsenious sulphide sol, on the other 
hand, an acceleration or retardation of the coagulation velocity is 
not accompanied by a corresponding change in the potential. 

5. An attempt has been made to account for this peculiar 
behaviour of the latter sol by postulating (i) the existence of a 
force of attraction between its particles which varies inversely with 
the distance according to a power higher than that involved in the 
electric repulsion due to the presence of the electric double layer, 
and (ii) a strong preferential adsorption of the ion having the same 
charge as the colloid. 


In conclusion, I take the opportunity of expressing my thanks 
to Professor F. G@. Donnan, C.B.E., F.R.S.. for his valuable advice 
and encouragement. 

Sm Wiir1am Ramsay LABORATORIES OF PHYSICAL AND 


Inoreanic CHEMISTRY, UNIVERSITY COLLEGE, 
LonpDon. [Received, June 4th, 1929.] 





CCCLIX.—The Action of Hydrogen Fluoride on Com- 
pounds of Selenium and Tellurium. Part III. 
Solubilities of Tellurium Dioxide and Oxyfluorides. 


By EpmMunp Brypers RupHaLL Pripgaux and Joun O’NeEIL 
MILLOTT. 


ALrHouGH it has long been known that tellurium dioxide and its 
hydrate dissolve freely in hydrofluoric acid, and certain compounds 
have been isolated from these solutions, no quantitative deter- 
minations of the solubilities in these systems appear to have been 
made, nor has the solubility of the dioxide in anhydrous hydrogen 
fluoride been investigated. In making these determinations, we 
have further defined the conditions of existence of the oxyfluorides 
discovered by Metzner (Ann. Chim. Phys., 1898, 15, 203) and by 
us (J., 1926, 521), and have also put forward a theory as to the 
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mode of interaction of the two acids. At the ordinary temperature 
‘the system TeO,—-HF-—H,0 can give as solid phases the dioxide or a 
hydrate and one or other of the oxyfluorides which are summarised 
below. 

EXPERIMENTAL, 

Tellurous Acid.—The dioxide was used in this form in order to 
facilitate the attainment of equilibrium. In pure water the acid 
can exist for long periods at temperatures considerably below 
40°, but according to Kasarnowsky (Z. physikal. Chem., 1924, 109, 
287), it is metastable with respect to the oxide at all temperatures. 
The transformation is accelerated by acids, and we have found that 
hydrofluoric acid in this respect behaves similarly to hydrochloric 
acid (Kasarnowsky, loc. cit.). 

The usual preparation of the dioxide from the metal was modified 
in order to effect a separation from copper and other impurities. 
A sample of tellurium, supplied by the Baltimore Copper Company, 
was dissolved in aqua regia, the solution boiled with an excess of 
alkali, acidified with nitric acid, filtered, and treated with an excess 
of dilute aqueous ammonia. A slight turbidity was usually noticed 
which was filtered off rapidly, since solutions of ammonium tellurite 
hydrolyse readily. The filtrate was cooled to 5° and acidified with 
dilute nitric acid, and the precipitated tellurous acid washed with 
cold water and kept slightly moist (Found: Te, 71-2. Calc.: 
Te, 71-7%). 

The hydrofluoric acid, of A. R. quality, was supplied in wax 
bottles by British Drug Houses. 

A temperature of 10° was maintained by water freshly drawn from 
an underground supply. At 0°, some of the solutions would have 
been so viscous that equilibrium would have been attained only very 
slowly, whereas at 15—20° the solubilities would have been in- 
conveniently high at the higher concentrations of hydrogen fluoride, 
and such solutions would also have lost considerable amounts of the 
acid during manipulation. 

The solubilities were determined in a platinum crucible of about 
25 c.c. capacity and with a tightly fitting lid. 2—3 C.c. of hydro- 
fluoric acid of various concentrations were stirred with a slight 
excess of tellurous acid for several hours, successive analyses having 
proved that equilibrium was attained in this time. The filtrates 
were weighed in a small platinum crucible with a tightly fitting lid, 
and analysed as previously described. They were all colourless and 
without turbidity, and fumed slightly at the higher concentrations; 
the loss of hydrogen fluoride during manipulation was, however, not 
serious—in one experiment the initial titration showed 39-5%, and 
the final 39-10% of hydrogen fluoride. The solutions were not 
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noticeably decomposed by ether, which can be used for freeing 
precipitates from mother-liquor. Alcohol gave a dense white 
precipitate, which, after being washed with more of the reagent, was 
found to contain very small amounts of fluoride; alcohol therefore 
decomposes the solution, with precipitation of tellurium dioxide. 
Crystalline Hydrated Oxyflworides—These substances have been 
obtained by three principal methods: (1) By cooling solutions in 
acid of about 40% concentration to below —30°: the method is of 


The system TeO,-HF-H,O at 10°. 
HF (100 mols. %). 








oF; 220 
Nerdy Ble 























TeO, 
(100 mols. %). 


H,O 
(100 mols. %). 
doubtful efficacy on account of possible admixture with ice or with 
hydrates of hydrofluoric acid; (2) by slow evaporation of solutions 
in nearly 100% acid; (3) by evaporation in a vacuum over con- 
centrated sulphuric acid. The last method, which appears to have 
been mentioned first by Hégborn (Bull. Soc. chim., 1881, 35, 60), 
is very convenient and has been principally employed in the present 
work. The crystals may appear as small transparent needles which 
form first on the surface of the liquid, or they may be aggregated 
as rosettes. ‘The other, and commoner, form, which grows on the 
bottom of the vessel or when the liquid solidifies en masse, is that of 
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hard milk-white nodules of radiating crystals. The dihydrate was 
obtained in both forms, and the monohydrate as rosettes of clear 
crystals in the present work, but previously as nodules. The 
dihydrate occurred far more often than the monohydrate. Occasion- 
ally, substances were obtained of rather divergent composition 
which we are inclined to class as mixtures containing tellurium 
dioxide, being formed near the transition point (see fig. and below). 


TABLE I. 


The hydrated oxyfluorides of tellurium. 
Mode of preparation, appearance, and formula. Analysis, 
(Data denoted by M are due to Metzner.) (Ae 


First product of solution of TeO, in HF is redissolved in rig 15-94) 
aqueous 43% HF. Transparent crystals, sometimes 64-6 
M. 


15-16 f 

' gpheres. (M.) 

Calc. for 2TeF,,3TeO,,6H,O. 64-25 15-26 

Mother-liquors from foregoing strongly cooled. Small 63-4 18-4) 
milky crystals. (M.) 63-4 18-7 f 

Cale. for TeF,,TeO,,2H,0. 64-0 19-0 


Solution of H,TeO, in 40% HF evaporated ina vacuum 64:3 19-1 
over conc. H,SO,-——several preparations; alsosolution 64-2 19-0| 
of H,TeO, in 90% HF treated in same way. Small 63-0 19-3 
transparent n es, sometimes rosettes, or hard, 64-3 19-1 
milk-white nodules containing radial crystals. 64-3 19-1 

Cale. for TeF,,TeO,,2H,0. 64-0 19-0 


TeO, dissolved in anhydrous HF, and allowed toevapor- 66-1 20-4) 
ate over conc. H,SQ,. Crystalline nodules. 66-6 20-0 j 
Cale. for TeF,,TeO,,H,O. 66-8 20-0 


Solution of H,TeO, in 40—50% HF evaporated ina 65-0 20-0 
vacuum over conc. H,SO,. Rosettes of transparent 
needles. 

Cale. for TeF ,,TeO,,H,O. 66-8 20-0 


Solution of H,TeO, in 40% HF evaporated over cone. 74-5 18-5 
H,SO,. Occasionally whitish crystals, 
Cale. for 2TeF,,3TeO,. 72-0 18-5 


Solubilities of the Dioxide.—Analyses of the solid phase wetted with 
various amounts of mother-liquors, as well as those of the dried solid, 
show that this is the dioxide : 


(Cale. for TeO,: Te, 79-7%.) 

Initial concentration of acid before saturation with 

H,TeO,, HF% 135 = :191 
Te% in the dried solid : 79-6 79-2 

The solutions in equilibrium with this solid extend to 29% of 
hydrogen fluoride (Table II). The molecular ratio HF/TeO, in the 
solution decreases rapidly at first, showing an increased solvent 
action per mol. of hydrogen fluoride at the higher concentrations, a 
fact which is comprehensible on our theory that the TeO,-HF 
complex is formed by the polymeride H,F,. 

At higher concentrations of hydrogen fluoride, the compositions 
of the solutions become more variable. This is due to the formation 
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of oxyfluorides, or alternatively, of solutions supersaturated with 
respect to dioxide. The points A to D were obtained in endeavours 
to locate the transition point of these two solid phases. Solutions 
A and B were made by decomposing the oxyfluorides with water. 
They appear to be on the metastable solubility curve of tellurium 
dioxide. Solutions C, and D (the latter is obviously on the normal 
solubility curve of tellurium dioxide) were made by treating an acid 
containing more than 40% of hydrogen fluoride with various 
quantities of tellurous acid. C, was made by allowing a saturated 
aqueous solution of the oxyfluoride (dihydrate) to stand over 
calcium carbonate with stirring. In all these cases the white solid 
was obviously tellurium dioxide (Metzner had noticed the decom- 
position of the oxyfluoride by water). C was made by stirring 
tellurous acid into an acid containing more than 50% of hydrogen 
fluoride; the solid in this case contained a small amount of un- 
decomposed oxyfluoride. It was considered that solution C, was 
probably nearest to that formed at the transition point. An acid 
containing hydrogen fluoride and water in the ratio 16-5 : 44:3 was 
saturated with tellurium dioxide. The solution and solid were then 
treated with an excess of oxyfluoride, and the whole was stirred until 
equilibrium was obtained. The solid was then found to contain 
about 10-5°% of the oxyfluoride and 89-5% of the dioxide. The 
composition of the solution in equilibrium with both solids is given 
by point P. 

The points F, G, H are on the solubility curves of the oxyfluorides, 
the analyses of which are givenin Table I. F is in equilibrium with 
TeF,,TeO,,2H,O, H with TeF,,TeO,,H,O, and G with the two 
hydrates; the last is therefore a transition point. It would be 
difficult to work in open vessels with a solution containing a higher 
proportion of hydrogen fluoride than H. 


Tase II. 
The solubilities of tellurium dioxide and of tellurium oxyfluorides in 
aqueous hydrofluoric acid at 10°. 

In 100 g. In 100 mols. In 100 g. In 100 mols. 
solution. solution. solution. solution. 
HF. TeO,. HF. TeO,. HF. TeO, HF. TeO,. 
0-221 0-12 15-8 46-2 24-6 
0-29 0-26 17-5 50-2 29-1 
1-22 22-6 63-0 43-0 
3-89 20-5 59-0 40-0 
7-83 15-2 54-0 27-0 
9-10 16-5 55-7 30-2 
10-0 14:8 57-0 27:8 
10-3 18-2 50-5 30-9 
13-5 24-0 42-6 36-9 
13-9 26-4 45-7 41-7 
13-0 28-5 58-0 56-2 
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The System TeO,-~H¥'.—The solubility of the dioxide in hydrogen 
fluoride is very high, and the freezing points of the solutions are low. 
Some hydrogen fluoride was condensed at 0° in a platinum crucible 
contained in a copper receiver. By means of a current of dry air the 
vapour was passed over tellurium dioxide contained in a platinum 
crucible and enclosed in a metal case. The solution was stirred and 
twice decanted, and was therefore a nearly saturated solution in 
hydrogen fluoride. It was solidified by immersion in liquid air, and 
partly melted in solid carbon dioxide and alcohol. The melting 
point was about —78°. Portions of the solid were quickly separated, 
melted, and analysed, the hydrogen fluoride being determined as 
sodium salt as well as by titration. The weights of hydrogen 
fluoride and tellurium dioxide found agreed within about 2°% with 
the weight taken. On an average, the solid contained 71% of 
hydrogen fluoride, and the liquid in equilibrium with it 91°% of this 
acid. Since the total weights of solid and liquid were nearly equal, 
the original saturated solution contained about 81% of hydrogen 
fluoride. We believe that this solid was tellurium dioxide containing 
hydrogen fluoride of crystallisation, analogous to a crystalline 
hydrate. The combination to form oxyfluorides only took place 
in the presence of some water, as when the saturated solution was 
allowed to evaporate for some hours. 

Nature of the Action of Solutions of Aqueous Hydrofluoric Acid on 
Tellurous Acid.—The high solubilities and the preparation of 
crystalline oxyfluorides show that the hydrolysis of fluorides in 
solution is much less than that of the corresponding chlorides, or 
that the basigenic character of tellurium is more markedly displayed 
towards hydrofluoric acid (Kasarnowsky, Joc. cit.). There must 
be some complex formation in solution. The determination of the 
hydrogen-ion activities of hydrofluoric acid alone and also when 
saturated with tellurous acid was undertaken with results which are 
detailed elsewhere (TJ'rans. Faraday Soc., 1929, 25, 579). The 
hydrogen-ion activity as measured by the quinhydrone electrode was 
found to be practically unaffected by the presence of the tellurous 
acid. The activity of the hydrogen ion in a 33-5M-solution, which 
dissolves tellurous acid very freely, is hardly greater than that in 
3-0M-hydrochloric acid, which has a much slighter solvent action orf 
tellurium dioxide. The solubility of the dioxide is therefore cer- 
tainly not a function of hydrogen-ion activity alone, nor does 
tellurous acid use up this ion in forming the dissolved complex. 
The solubility is mainly dependent on hydrogen fluoride molecules. 
We would suggest the following explanation. The first dissociation 
constant of tellurous acid, as measured by hydrolysis, is 2-7 x 10° 
(Blane, J. Chim. physique, 1920, 18, 39) and is probably of the same 





DIMORPHISM IN THE ALIPHATIC DICARBOXYLIC ACID SERIES. 2709 


order as the second dissociation constant of H,F,, which will come 
into play in more concentrated solutions. Even at dilutions below 
0-02N, the dissociation constant of hydrofluoric acid as determined 
by conductivity is only 7-4 x 10 (Wynne-Jones and Hudleston, 
J., 1924, 125, 1031). The addition of the tellurous acid, which is 
mainly ionised as H” and HTeO,’, represses the ionisation of an 
equivalent amount of HF,’, and removes it as the complex anion of 
hydrogen dioxodifluorotellurium according to the equation 


2H’ + HTeO,’ + HF,’ == 2H’ + TeF,0,” + H,0. 
This acid then crystallises from concentrated solutions as the 
dihydrate according to the equation 

2H,[TeO, F,] —> 2(TeOF,,H,O) = TeF’,,TeO,,2H,0. 


UNIVERSITY COLLEGE, NOTTINGHAM. (Received, October 15th, 1929.] 





CCCLX.—Dimorphism in the Aliphatic Dicarboxylic 
Acid Series (Azelaic Acid). , 


By Wiix1am Aveustus CasPARI. 


In a previous paper (J., 1928, 3235) some account was given of the 
way in which chain molecules are built up in the crystallisation of 
saturated dibasic acids having carboxyl groups at each end of the 
molecule. In the course of the investigation it was observed that 
the nine-carbon member of the series, azelaic acid, occurs in two 
crystalline modifications, of both of which well-shaped crystals were 
obtained without difficulty. 

The «-modification is the one in which the seven dicarboxylic 
acids (including azelaic) previously dealt with crystallise. It is 
characterised by the occurrence of (110) as a face and as a cleavage 
plane. The new or 8-modification of azelaic acid is, like the «-acid, 
monoclinic-prismatic and tabular upon (001), but does not show 
(110); on the other hand, (010) is invariably developed as a face 
and is a strong cleavage plane. When lying flat, «-crystals con- 
sequently tend to show a rhomboidal or a six-sided contour, whilst 
s-crystals have rectangular contours. Under the microscope the 
two can easily be distinguished by the formation of spearhead 
cleavage fragments in one case and right-angled ones in the other, 
when the crystals are gently crushed. 

The §-modification usually separates when warm saturated 
solutions of the acid are cooled, whilst the «-modification is favoured 
when solutions evaporate slowly at ordinary temperatures. 6- 
Crystals of reasonable size (2—3 mm. across and }—} mm. thick) 
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and perfection are best prepared by crystallisation from hot aqueous 
solutions containing several grams of acid. From the foregoing, 
it would appear that the 8-, being favoured by hurried crystallis. 
ation, is the less stable modification of the two. Nevertheless, the 
difference in stability does not prevent the two from separating out 
side by side, as was commonly found to occur, for instance, when 
alcoholic solutions were allowed to crystallise at ordinary tem- 
peratures. Evidently the difference in lattice energy between 
the «- and the §-form is small, and this also follows from the fact 
that they cannot be distinguished by m. p. as determined by the 
ordinary method. 

Crystals of B-azelaic acid are tabular upon (001) and show narrow 
faces of (100) and (010), all three being cleavage planes. Small 
developments of (120) were occasionally noted. 

The crystal structure of the 6-polymorph was examined by the 
usual X-ray methods. The monoclinic angle of the crystal, i.c., 
the angle between (100) and (001), was measured goniometrically. 
The dimensions of the unit cell in Angstrém units are as follows, 
those of the «-crystal as previously determined being quoted for 

comparison : 


"i b. Ce 3 
B-Azelaic acid : 9-58 27-20 136° 30’ 


a-Azelaic acid s 4°83 27-14 129° 30’ 


From the volume, it may be calculated that the unit cell of each 
form contains the substance of four molecules. 

More than 50 crystal planes in all were identified as reflexion spots 
upon the rotation and oscillation photographs of the $-acids. The 
basal plane occurs only in its even orders (002), (006), and (008); 
this indicates a division of the unit cell across ¢ into halves of 
approximately equal reflecting power. The cell has therefore the 
same two-storied structure as was found for the «-polymorph. No 
reflexions from (010) or its odd orders appear, but (020) is repre- 
sented ; hence parallel to (010) there are planes of rotation molecules 
lying between planes of A and B molecules. On the other hand, 
(100) gives the strongest reflexion of any plane, whilst (200) is 
absent, so that there can be no interleaving of the a cell-sides 
by planes of B molecules. Almost as strong is the reflexion from 
(101). The interleaving of the b cell-side is conspicuously shown by 
the b-axis rotation photographs, on which the second layer-line 
consists of more and much intenser reflexion spots than the first. 
On the a-axis photographs the first layer-line is the most intense. 

No general halvings were noted either in the (hkl) or in the (hol) 
series, but (010), as mentioned above, is halved. The crystal is 
therefore to be assigned to space-group C3, for which four asy!- 
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metric molecules per cell are required. The space-group of the 
,-modification was previously found to be C%,. 

In its main features, the crystal structure of $-azelaic acid follows 
from the identity of its c axis with that of the «-acid. It is clear 
that the molecules, the backbone of which is a zigzag chain of nine 
carbon atoms, are laid along the c axis in much the same way 
whether the acid crystallises in the «- or the 8-form. There remains 
the question of how the molecules of $-acid are planted out upon 
the base, the answer to which is given by the space-group and by 
the interleavings referred to above. ‘The disposition of the molecules 
is best shown by a diagrammatic projection of the cell} not upon 
the base itself, but upon a cross-section normal to the c-axis, as in 


the accompanying figure. For comparison, the corresponding 
ground-plan of the «-acid cell is also given. Each stroke represents 


the projection of a molecule, the knobs at either end standing for 
centres of carbon atoms. The dotted strokes refer to molecules in 
the other half of the cell, above or below the plane of the paper ; 
they do not necessarily lie in the exact centre of the half-cell. A 
being taken as primary molecules, the molecules B are derived from 
A by reflexion, C by rotation, and D by rotation and reflexion. 
Polymorphism in the higher fatty compounds has long been 
suspected as a cause of abnormal behaviour in the neighbourhood 
of the m. p., more especially of triglycerides. In recent times 
X-ray evidence of polymorphism in higher hydrocarbons (Miiller 
and Saville, J., 1925, 127, 602) and fatty acids (Piper, Malkin, 
and Austin, J., 1926, 2310) has been brought forward, but single 
crystals of polymorphic forms were not isolated. In the di- 
carboxylic acid series, polymorphism does not hitherto appear to 
have been observed. From the present example it is clear that 
the elongated molecules of such a substance as azelaic acid can 
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bundle themselves in at least two ways. In the more usual one 
the long chains are packed in nearly equilateral triangles of slightly 
less than 5 A.U. side; in the other they are packed in oblongs of 
slightly less than 5 A.U. by 4 A.U. ° Similar alternative packings 
may be foreseen in other classes of straight-chain aliphatic com 
pounds. 

Numerous unsuccessful attempts were made to obtain 8-modific. 
ations of suberic and sebacic acids, as representatives of the even- 
carbon members of the series. From solvents, from the melt, and 
by sublimation these acids were invariably found to crystallise in 
the «-form. 


The writer desires to express his thanks to the authorities of the 
Royal Institution for laboratory facilities for this investigation. 


Davy Farapay LABORATORY, 
Roya INstTITvurIoN. [Received, October 17th, 1929.] 





CCCLXI.—The Influence of Intensive Drying on Inner 
Equilibria, Part V. 


By Anprzas Smits, Emanven Swart, and Prerer Bru. 


Experimenis with n-Hexane. 
In a former publication on this subject (J., 1926, 2667) we stated 
that when our vapour-pressure apparatus containing intensively 
dried n-hexane was placed in a thermostat at 42-8°, a considerable 
decrease of the vapour pressure was observed after one-third of the 
liquid had been distilled off, but this pressure gradually rose again 
as shown, and nearly reached its normal value after 2 hours : 


(Distillation experiment 1; dried hexane.) 

Mins. after distillation ... 0 16 35 65 95 125 155 185 
Vapour press. (em. Hg)... 22-0 26-2 28-2 29-9 30-7 30-8 30-9 30-9 

It was thought possible that, although the apparatus was in 4 
thermostat, the temperature of the phosphoric oxide and of that part 
of the hexane which was with it in the bulb, had decreased. Hence 
the following experiment was performed. The apparatus was taken 
out of the thermostat and placed on the table, during which period 
the greater part of the hexane condensed in a side tube which will 
hereafter be called the condensation tube. After 4 hours the 
vapour pressure, determined at room temperature (24°), was about 
15 cm. Then the apparatus was replaced in the thermostat at 42:8” 
and the vapour pressure was found to rise with time, as follows: 
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(“ Dipping” experiment I; dried hexane.) 
25 55 9 12 19 28 51 «64 100 
Vapour 


press. 
(om. Hg) ... 22:0 25:2 26-3 26-9 28-4 29-2 30-1 30-6 30-85 30-85 


. This table shows that the vapour pressure rose slowly, but not so 
slowly as after the distillation experiment. Our conclusion, there- 
fore, was that the intensively dried hexane, during the rapid distil- 
lation, behaved as a mixture, and that the slow rise of the vapour 
pressure after distillation was due to the slow establishment of the 
inner equilibrium that had not been fixed during 6 months’ drying. 
Later, however, not feeling completely satisfied with this explan- 
ation, we thought it desirable to carry out the two characteristic 
experiments mentioned above with an apparatus of exactly the 
same shape and size and filled with the same quantities of phosphoric 
oxide and hexane, the latter being moist. Since it was our intention 
to prevent the hexane from being dried by the phosphoric oxide, the 
experiment was carried out in the following way. Immediately 
after filling, the moist hexane was kept in the condensation tube by 
cooling the latter. Then the cooling bath was removed, and when 
the liquid had risen to room temperature (vapour pressure about 
15 cm.), the apparatus was placed in the bath at. 42° and the increase 
of vapour pressure with time was measured. It must be mentioned 
that, since the phosphoric oxide does not attain the temperature of 
the bath as rapidly as the hexane in the condensation tube, a part of 
the hexane condenses in the bulb containing this oxide. This might, 
of course, have been prevented if, before the experiment, we had 
heated the bulb with the pentoxide to slightly above the bath 
temperature, but we omitted this precaution because our earlier 
experiments had been carried out without it. We did not fear 
any influence of drying, however, since part of the moist hexane was 
left in the condensation tube. The result of this experiment was 
a very rapid rise in pressure, thus : 


(“‘ Dipping ” experiment IT; moist hexane.) 
Time after placing in bath (mins.) 0 1 2 5 7 10 
Vapour press. (em. Hg) 22:0 23-0 24:7 27:2 28-1 292 


Time after placing in bath (mins.) 13 19 23 39 60 
Vapour press. (em. Hg) 29-6 30-2 30-3 30-4 30-4 


Immediately after this experiment, the apparatus being still in the 
bath and only a small part of the hexane being left in the con- 
densation tube, one-third of the hexane was distilled off, and the 
change of vapour pressure with time measured. This distillation, 
which can be compared with our first experiment with dried hexane, 
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gave the following results, which show that the vapour pressure 
increased just as rapidly as in the preceding experiment. 


(Distillation experiment II; moist hexane.) 


Mins. after distillation 0 0-75 2:75 5&5 9 125 17 23 45 
Vapour press. (cm. Hg) 22-0 23-7 25-9 27-4 29-0 29-7 30-2 30-4 30-4 


Further, we see that here the vapour pressure rises much more 
rapidly than in the first “ dipping ’’ experiment with dried hexane, 
where, at the beginning of the experiment, there had certainly been 
more liquid in the condensation tube. 

We have communicated these experiments expressly to show that 
one may easily obtain results giving the impression that a drying 
effect is present. Let us therefore consider how a legitimate 
drying effect would manifest itself in the experiments mentioned. 
If the establishment of the inner equilibrium is appreciably retarded 
by drying, and the heating takes place so rapidly that the inner 
transformations cannot immediately follow the rise of temperature, 
the vapour pressures at the different temperatures of the liquid will 
not correspond to the ordinary vapour pressures, obtained after 
inner equilibrium has been established. (In a future communication, 
it will be shown that, according to the nature of the liquid, the vapour 
pressure may be either too low or too high.) If the velocity of 
heating is diminished continuously, this difference will decrease and 
finally disappear completely. In the experiments now described, 
the apparatus having room temperature was dipped in a bath at 
about 42°. If now the rate of rise of temperature of the hexane had 
always been the same, so that, e.g., 20 minutes after the dipping, the 
hexane had in every case attained the bath temperature, then those 
experiments in which the vapour pressure after 20 minutes had not 
yet reached the final value would indicate a drying effect, which would 
be the stronger the longer the time necessary to reach this final value. 

It was thus of interest to follow the rise of temperature, and 
accordingly we repeated some experiments with an apparatus of 
exactly the same construction, but containing a thermometer with 
its bulb immersed in the centre of the phosphoric oxide (of which more 
was used than ever before), since it was necessary to know the lowest 
temperature in the apparatus. It is obvious that, for the rapid 
establishment of temperature equilibrium, the presence of liquid 
hexane in contact with the glass wall is a very favourable circun- 
stance. The liquid, having a greater conductivity for heat than the 
finely divided phosphoric oxide, takes up the heat rapidly and is 
distilled to the colder pentoxide, where its heat of condensation 
effects a more rapid heating of the latter. The retarding influence 
of phosphoric oxide is illustrated by an experiment with the same 
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apparatus filled with the same quantity of hexane, the bulb for the 
pentoxide, however, being left empty: when this apparatus was 
placed in the bath, a vapour pressure corresponding with the bath 
temperature was reached within 5 minutes. From this point of 
view, it is evident that it may make a great difference whether the 
hexane is poured into the bulb with phosphoric oxide without 
shaking, the liquid being in contact with the wall, or whether the 
liquid and pentoxide are shaken together, so that a paste is obtained 
more or less surrounded by the badly conducting pentoxide. Table I 


TABLE I. 


“Dipping” experiment III; moist hexane. (All hexane poured 
into the bulb with phosphoric oxide, without shaking.) 
Bath temperature 41-7°. 


Mins. after Temp. of V.P., calc., V.P., obs., Diff., 
placing in bath. P,O;. in em. Hg. in em. Hg. in cm. Hg. 

0 28-0° 17-29 17-60 +0-31 

34-75 22-95 23-16 +0-21 

37-9 26-02 26-17 +0°15 

40-3 28-50 28-10 —0-40 

40-85 29-10 29-29 +0-19 

41-3 29-66 29-91 +0-25 

41-6 30-00 30°13 +0-13 

41-7 30-10 30-12 +0-02 


shows the results; the rise of temperature in the phosphoric 
oxide bulb and the rise of vapour pressure with time are recorded, 
together with the vapour pressures corresponding with the temper- 
ature of the pentoxide, all vapour pressures being in cm. of mercury. 
Table II gives the result of another experiment after all the hexane 
had been poured into the phosphoric oxide bulb and strongly 
shaken. 


TABLE IT. 


“Dipping” experiment IV; moist hexane. (All hexane in the 
bulb with P,O; and shaken.) 
Bath temperature 41-7°. 


Mins. after Temp. of V.P., calc., V.P., obs., Diff., 
placing in bath. P.O. in em. Hg. in em. Hg. in em. Hg. 
27-65° 16-99 16-73 —0-26 
30-0 18-80 19-15 +0-35 
31-8 20-30 20-71 +0-41 
33-7 21-96 22-22 +0-26 
35-45 23-60 23-78 +0-18 
36-85 24-97 25-08 +0-11 
37-9 26-02 26-20 +0-18 
38-85 26-95 27-14 +0-19 
39-7 27-90 28-07 +0°17 
40°35 28-54 28-79 +0-25 
40-8 29-10 29-32 +0-22 
41-35 29-70 "29-72 +0-02 
41°55 29-90 29-92 +0-02 
41-7 30-10 30-12 +-0-02 
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These tables show that the measured vapour pressure was slightly 
higher than that which would be expected from the. temperature of 
the phosphoric oxide. It is interesting to notice that, although 
distillation was taking place in the apparatus, this did not prevent the 
principle of Watt from holding. These results also demonstrate that 
the time required for the pentoxide to reach the bath temperature 
depended on whether the liquid had been mixed with the pentoxide 
by shaking or not. In the first case the time required was 34 
minutes, and in the second only 16. The fact that the measured 
pressure always corresponds with that required by the temperature 
of the centre of the mass of the pentoxide proves that this difference 
is not due to drying which has taken place during the experiment. 
Other experiments have been carried out in apparatus containing an 
extremely large amount of pentoxide, and in all cases this reached 
the bath temperature within 35 minutes. These experiments seem 
to us to be extremely important when considering results attributed 
to intensive drying. Unfortunately, the apparatus with which the 
experiments on dried hexane were carried out did not contain a 
thermometer, but it did contain considerably less phosphoric 
oxide and most of the liquid was kept in the side tube. In spite 
of these conditions, which are favourable for rapid heating, we have 
seen that the vapour pressure only became constant after 64 minutes, 

If it were justifiable to assume that in this case also the inner part 
of the phosphoric oxide had reached the bath-temperature in 
35 minutes, we might have concluded that the establishment of the 
inner equilibrium was distinctly retarded, but now we are not sure, 
Another point is this: we have seen that the observed vapour 
pressure, even during the distillation of hexane to the colder inner 
part of the pentoxide, corresponds practically with this lowest 
temperature, and from this it seems most probable that the temper- 
ature at the first reading in the distillation experiment I was the 
same as in the second “ dipping ” experiment. Now the remarkable 
thing is that, whilst in the first experiment a constant pressure was 
only reached after 2 hours, in the second it did not increase after 
64 minutes. This difference may be explained by the fact that 
in the second experiment the greater part of the liquid was in the 
condensation tube. However this may be, it seems necessary, if 
convincing results are to be obtained, to repeat these drying experi- 
ments with a thermometer in the bulb with phosphoric oxide: the 
results of such experiments will be communicated later. 


Experiments with Nitrogen Tetroxide. 


We have some additional results to report on the intensive drying 
of nitrogen tetroxide. It has been observed that, a few days 
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after being filled, our vapour-pressure apparatus containing highly 
purified, freshly distilled phosphoric oxide and the purest nitrogen 
tetroxide, which had previously been dried over phosphoric oxide, 
showed a pressure increase of some cm. of mercury. Since a trace of 
water in the gas would not cause a permanent increase of pressure, 
we attributed it to the presence of a trace of nitric acid, which reacted 
thus: 4HNO, + 2P,0; = 4HPO, + 2N,0,;; 2N,0; = 2N,0, + O,. 
Further, it appeared that there was a residual pressure in the 
apparatus after the side tube had been cooled in liquid air; this is 
in agreement with the above assumption, and also indicates that 
further evacuation should remove the disturbing factor. An appar- 
atus was constructed with two septa so that, after being dried for a 
time, it could be re-evacuated and sealed off again from the pump. 
The results of this experiment are given in Table TIT. 


Tasre ITI. 
Pressure of Pressure of 
Time after Temp. of drying liquid, moist liquid, Diff., 
filling. observation. incm. Hg, inem.Hg. in cm. Hg. 
1 Day 21-08° 78-40 75-52 +2-88 
21-72 83-20 77-90 5-30 
19-34 75°43 69-43 6-00 
The apparatus was then evacuated again and sealed off, and measurements 
were repeated on the same day and on three other occasions. 
2} Months 20-22 72-45 72-44 +0-01 
20-05 72-36 71-90 0-46 
21-80 78-64 78-20 0-44 
+ 1 month 23-36 84-56 83-68 0-88 
The apparatus was once more evacuated and sealed off. 


34 Months 21-85 78-45 78-40 +0-05 
22-73 82-06 81-48 0-58 

20-06 72-64 71-80 0-64 

20°14 72-90 72-10 0-80 

l4 18-22 66-53 65-90 0-63 
19 18-26 66-74 66-00 0-74 


The same experiments were repeated with a second apparatus 
which gave the results shown in Table IV. This second apparatus 
was unfortunately broken on the day of the last observation. 
From all these experiments we see that there is a relatively large in- 
crease of the vapour pressure after some days’ drying. Each time the 
apparatus was evacuated the nitrogen tetroxide was cooled in liquid 
air, the apparatus connected to the pumps, the septum broken, and 
the remaining gas removed. After the nitrogen tetroxide was 
melted and resolidified, the apparatus was re-evacuated and this 
= process repeated three times. It is evident that it is not certain that 
all the gas could be removed in this way, since a small part of it 
might have been dissolved in the solid nitrogen tetroxide at —190°. 
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TABLE IV. 


Pressure of Pressure of 
Temp. of drying liquid, moist liquid, Diff., 
observation. inem.Hg. inem.Hg. inem. Hg, 
16-87° 61-80 61-80 0 
y 15-89 61-30 58-90 +2-40 
1 Month and 10 days 20-63 79-27 73-90 5-37 


After 1 month and 13 days the apparatus was again evacuated and sealed 
off. 


1 Month and 17 days 15-95 59-57 59-05 52 
2 Months,, 21 ,, 17-60 64-60 63-97 63 
After 3 months and 7 days it was again evacuated and sealed off. 


3 Months and 7 days 19-58 70-26 70-20 0-06 
Ss » - 8 bs 18-53 67-44 66-85 0-59 


Measurements immediately after evacuation and sealing off showed, 
however, that the vapour pressure was then practically normal. 
From the above it seems probable that the observed increases 
in the vapour pressure of nitrogen tetroxide on prolonged drying 
do not indicate that the inner equilibrium N,O, —= 2NO, has been 
shifted to the right, but must be attributed to the action described. 
Therefore the change in colour (J., 1926, 2667) remains as the only 
valid indication that there is any displacement in inner equilibrium 
and this phenomenon must be studied again as accurately as 
possible. 
Experiments with Ammonia. 

It is known that Baker has dried ammonia intensively over phos- 
phoric oxide after pre-drying over calcium oxide. Several investig- 
ators have tried to repeat this experiment, but none has succeeded. 
Tramm (Z. physikal. Chem., 1923, 105, 398) writes: ‘‘ Wenn wir 
den nach der Bakerschen Vorschrift getrockneten Ammoniak zu 
dem trocknen Phosphorpentoxyd treten liessen, erfolgte momentane 
Vereinigung unter starker Warme Entwickelung. Dann versuchten 
wir den Ammoniak iiber Bariumoxyd zu trocknen. Wir vermieden 
jegliche Hahne. Die Gefiisse waren durch Erhitzen im Hochvakuum 
sorgfaltig von Wasserdampf befreit. Wir kondensierten den 
Ammoniak zur Trocknung iiber metallischen Natrium, das sich in 
ihm zu einer blauen Fliissigkeit lést und sehr scharf trocknend 
wirkt. Alle diese Massnahmen waren vergeblich.. Der Ammoniak 
reagierte stets sofort mit dem sorgfaltig sublimierten Phosphor- 
pentoxyd.” 

Only if the ammonia had finally been passed through a liquid 
mixture of sodium and potassium could Tramm have obtained 
ammonia that would not react with phosphoric oxide. He did not 
determine whether there was an “ absorption” by measuring the 
pressure. Had he done so, he would certainly have found that after 
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some days the ammonia had almost completely disappeared. This 
conclusion follows from the fact that, after moist air had entered 
the apparatus in which dried hydrogen chloride and also dried 
ammonia were present, as he assumed, not a thick cloud, but only 
“ein weisser Beschlag von chlorammonium auftrat.” 

We observed this several years ago, but, in this case, we did not 
consider the experiment a successful one. 

However, we are glad to be able to report that after some 
unsuccessful attempts we have carried out Baker’s directions 
satisfactorily, and have been able to keep ammonia over phosphoric 
oxide for a number of years. For the preparation of the ammonia 
we used ammonium chloride, purified according to Baker’s method 
(J., 1898, 73, 422), and calcium oxide prepared from purest marble. 
The apparatus (Fig. 1) consisted of a 1-litre fractionation vessel 








A, two condensation vessels B, blown in one piece, a vertical tube C 
(5 cm. internal diameter and 120 em. high) filled with sticks of 
potassium hydroxide, and a three-way cock D, the vertical tube of 
which led to the air pump, and the third'to a T-piece. The vertical 
tube of the latter was connected at # to an open mercury manometer, 
and the other tube was sealed to a condensation vessel F, of 4 cm. 
internal diameter and 20 cm. high, with an inner tube 6 cm. long. 
The outlet tube of F was sealed to a tap, which was not lubricated 
but polished with stannic oxide and dipped in a vessel with mercury.* 
At the other side this tap was connected to a large cylinder MV, 
in which the ammonia was stored over calcium oxide; this had an 
inner diameter of 8 cm. and a length of 150 cm., and was provided 
with a condensation tube K, and a tube H with two or more capill- 
aries. Before M was filled with calcium oxide, this cylinder, the 
condensation tube K, and the tube H had been baked out in a current 


of dried air. 
* The figure is drawn schematically. 
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After A had been filled with a mixture of ammonium chloride and 
100% excess of freshly prepared calcium oxide, the filling tube was 
sealed off and the whole apparatus evacuated. Then the condens. 
ation vessels B were placed in a bath at 0° to condense moisture and 
the vessel A was carefully heated on a sand-bath, whilst the con- 
densation vessel F was placed in a Dewar vessel filled with alcohol 
and solid carbon dioxide, the cock G being closed: When the 
evolution of ammonia had stopped, the Dewar vessel was replaced 
by one containing liquid air, and then the three-way tap D was 
turned in order that the right-hand part of the apparatus could be 
evacuated once more. Now the second Dewar vessel was removed 
and replaced by one containing cooled alcohol; the solid ammonia 
melted, and whilst there was still connexion with the pump, one- 
third of the liquid was evaporated. Then tap D was turned so that 
connexion with the pump was broken, cock G was opened, the middle 
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fraction of the liquid ammonia was distilled carefully into the tube 
K, and the extreme left-hand capillary of H was sealed off. The 
liquid ammonia in K was now evaporated, and the cylinder was 
brought to a horizontal position, shaken in order to. spread out the 
calcium oxide as much as possible, and stored in this position. 

In the meantime, an apparatus, which we refer to as a four-bulb 
apparatus, was constructed for the intensive drying of the ammonia 
by pure phosphoric oxide. It was made of streak-free, high-melting 
Jena glass (see Fig. 2) and contained, besides the four bulbs of 500 c.c. 
each, a vessel / with an inner tube for the determination of the 
melting point, a.tube G which enabled us to study the influence of a 
partial distillation, and a number of T-pieces, H, J, K, with septa. 

After the apparatus had been cleaned with sodium dichromate and 
nitric acid, steamed, and dried by heating in a current. of dried 
oxygen, the tube A was sealed to the bent part of the tube for the 
distillation of phosphoric. oxide (see J., 1924, 125, 1068). When 
the distilling tube had been filled with pentoxide, a stream of pure dry 
oxygen was passed, and every part of the four-bulb apparatus was 
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baked outin turn. During the sublimation of the pentoxide the tube 
L was connected by a rubber tube to a U-tube containing pentoxide 
and a sulphuric acid wash-bottle through which the oxygen escaped to 
the air. All rubber tubes were cleaned by a warm solution of sodium 
hydroxide, washed with distilled water, and finally dried in a current 
of dried oxygen. If necessary, the rubber tube was closed by a 
pinch-cock. As we have already stated (loc. cit.), the sublimed 
coarse crystalline pentoxide is deposited in the bent part of the 
distilling tube and can be introduced into the first of the four bulbs 
by tapping with a thick rubber tube; when a sufficient quantity has 
thus been introduced, tube A is sealed off, a pinch-cock on the rubber 
tube on L is closed, its free end is connected to the mercury diffusion 
pump as quickly as possible, and the apparatus is evacuated. 
After the capillary on the extreme right of tube L is sealed, the 
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pentoxide is divided between the four bulbs and the apparatus is 
ready to be filled with ammonia that has already stood drying over 
calcium oxide for at least two months. 

For this purpose the four-bulb apparatus was connected (see Fig. 3) 
to the cylinder containing this ammonia by means of a T-piece 7’, 
which was joined to two steel tubes V and W by rubber tubes. 
Pieces of rubber tubing were attached to the free ends of the steel 
tubes, and then the T-piece and the rubber tubes were dried by a 
current of dried nitrogen. These rubber tubes were now pushed over 
the drawn-out and sealed tubes of the four-bulb apparatus and 
cylinder in such a way that the drawn-out parts were inside the steel 
tubes. The vertical tube of the T-piece was connected to the air 
pump, and the connecting rubber tube was provided with a pinch- 
cock. All rubber tubes were prepared and dried as before and were 
finally painted with picene. Then the ammonia was condensed in 
K and cooled by liquid air, the T-piece was evacuated, the drawn- 
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out ends, which had previously been scratched by a glass-knife, were 
broken by moving the steel tubes, and the combined apparatus was 
once more evacuated as highly as possible. The connexion with the 
pump was broken by screwing up the pinch-cock, and by cooling one 
of the vertical tubes of the four-bulb apparatus ammonia was distilled 
into that apparatus. When a sufficient quantity had been distilled, 
the ammonia in both apparatus was cooled by liquid air and both 
were sealed off. The tube of the four-bulb apparatus in which the 
ammonia had been condensed was placed in an empty Dewar vessel 
to obtain a very slow evaporation. 

Now it was found that if the previous drying had been very good, 
and the manipulations had been faultlessly carried out, the ammonia 
did not react at all with the phosphoric oxide. Sometimes the four. 
bulb apparatus contained also a glass-spring indicator which enabled 
us to determine the vapour pressure, and often the filling had been 
carried out so perfectly that even in a week no decrease of the 
pressure could be observed; for instance, in one case, when all the 
ammonia had evaporated, the pentoxide was completely loose and 
the pressure at 20° was 113 cm., whereas 9 days later it was 112-9 cm.: 
unfortunately, the glass spring was then broken. 

If the previous drying of the ammonia had not been quite perfect, 
the appearance of the pentoxide did not change at all, and when the 
apparatus was shaken it became as loose as before, but some absorp- 
tion of ammonia had taken place; this absorption soon decreased 
and the intensive drying took place without difficulty. If, however, 
the previous drying had been still less efficient, after some days all 
the ammonia was absorbed, although the pentoxide could be loosened 
by shaking and seemed completely unchanged. Further, if the 
previous drying had been quite inadequate, or if the filling had not 
been carried out perfectly, as was the case in our initial experiments, 
a reaction between ammonia and phosphoric oxide took place anda 
yellow or brown mass was formed with a large evolution of heat. 
Tramm’s statement, ““ Der Ammoniak reagierte stets sofort mit dem 
sorgfaltig sublimierten Phosphorpentoxyd,”’ proves that his ammonia 
had not been sufficiently dried previously, or that the filling had not 
been carried out perfectly. 

Although our definite experiments on the influence of intensive 
drying on the vapour pressure of solid and liquid ammonia are only 
in their early stages, we are able to report determinations of the 
melting point of intensively dried ammonia. For this purpose we 
used a four-bulb apparatus A in which ammonia had stood over 
phosphoric oxide since April 1923. In the same month, in order to 
have a standard for comparison, we filled a similar apparatus B with 
ammonia over calcium oxide. Some four years later (July 1927) 
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a third apparatus C was filled with ammonia over phosphoric 
oxide. 

For the actual determination of the melting point, we used a 
slight modification of the Poggendorff compensation method, the 
thermo-element being of copper (B and S 33) and constantan (B and 
§ 30). The silk-covered wires had been soldered by silver, and the 
junctions had been treated with Bakelite varnish. One junction was 
dipped in the inner tube of the four-bulb apparatus, filled with a 
small quantity of mercury up to a height of 1 cm. (the surface of the 
mercury had to be a little lower than that of the condensed ammonia). 
As fixed points, we used the melting point of methyl alcohol (—98-5°), 
the sublimation point of carbon dioxide [—78-52° + 0-16 (6 — 76)°, 
b being the barometric pressure], and the melting points of chloro- 
form (— 63-7°) and mercury (— 38-89°). . 

When temperature-time curves for the melting of the ammonia 
were determined in March 1928, we found a horizontal part in the 
curve for each apparatus, corresponding with a temperature of 
—77-75° + 0-02°. Other determinations of the melting point of 
ammonia are: -——T77-70° (Postma, Thesis, Amsterdam, 1914), 
—77-71° (Henning, Z. Physik, 1921, 4, 40, 226), —77-9° (Berg- 
strém, J. Physical Chem., 1922, 26, 358, 876), and —77-70° (Cragoe, 
Meijers, and Taylor, J. Amer. Chem. Soc., 1920, 42, 206). 

From the fact that our ammonia dried over calcium oxide gave 
the same melting point as that dried over phosphoric oxide, even 
after 5 years’ drying, we must conclude that most probably intensive 
drying for this period has no appreciable influence on the melting 
point of ammonia. Since it is necessary to obtain more certainty, 
we are repeating these experiments with a resistance thermometer. 
At the same time we shall study the influence of a partial distill- 
ation on the melting point and onthe vapour pressure. We hope 
to be able to communicate results with hydrogen chloride later. 


Summary. 

Velocity experiments on the vapour tension of n-hexane are 
described. Distillation and “dipping” experiments with both 
dried and moist hexane, in some of which a thermometer had been 
placed in the centre of the phosphoric oxide, have been carried out. 

A difficulty encountered in the drying of nitrogen tetroxide has 
been overcome, and its bearing on previous work discussed. 

From the melting-point determinations carried out up to the 
present, we must conclude that the melting point of ammonia has 
not been appreciably altered by 5 years’ drying over phosphoric 
oxide. 


THE UNIversiry, AMSTERDAM. [Received, July 17th, 1929.] 
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CCCLXII.—Necessary Procedures for the Exact Deter- 
mination of Vapour Tensions. 
By Anpreas Smits and Emanvet Swart. 


In studying the influence of intensive drying on the vapour pressure 
of liquids, we have encountered a difficulty which may cause a 
serious inaccuracy in the results, namely, that of removing the last 
traces of air or other gases from a liquid. Our original method was 
alternately to solidify and liquefy the substance repeatedly during 
evacuation, but we have discovered that this procedure is quite 
ineffective, for the substance can retain sufficient air entirely to 
vitiate the accuracy of the determination. We have now found a 
method for the removal of these last traces of gas, and the following 
details may be of service to other investigators in this field. 

The apparatus is a modification of that constructed by Smits for 
the preparation and testing of very pure cyanogen, and has been 
successfully used by Terwen (Thesis, Amsterdam, 1913; Z. physikal. 
Chem., 1916, 91, 469). It is not only a combination of a differential 
mercury manometer with a mercury vapour-pressure indicator, but 
also a distillation apparatus, for it contains two or more vessels with 
capillaries, which can be sealed off. 

If we have filled tube C (see fig.) with a liquid, sealed off the 
filling tube, and cooled C in liquid air, the taps of tubes p and q 
being open, the mercury in tubes A and F will be level and if we 
then evacuate the apparatus wa tubes p and gq, the positions of the 
mercury surfaces will not change. During this evacuation the 
liquid is alternately frozen and melted. If the vacuum is now 
released by carefully opening the cocks of the tube p, the mercury 
can be pressed up to G, still leaving communication between B and C. 
Now, by removing the Dewar vessel containing the liquid air from 
C and cooling B in ice whilst C is warmed to room temperature, 4 
part of the liquid is distilled from C into B. Whilst the distillation 
is going on, the mercury is allowed to rise into the differential mano- 
meter M and tubes B and C are immersed in a bath at, e.g., 0°; the 
manometer M will then indicate the vapour-pressure difference 
between the residue in C and the distillate in B. In order to use 
the third tube N as a vapour-pressure indicator, we connect tube ¢ 
with our arrangement for changing the pressure combined with a 
manometer, and bringing the mercury surface in N level with one 
of the two mercury surfaces in M, we find the absolute value of the 
vapour pressure. 

This method affords a very delicate test for the purity of a sub- 
stance: it is only when we have a really pure substance, which 
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shows @ unary behaviour, that fractional distillation produces no 
difference between the vapour pressure of the residue and that of 
the distillate. 

When this experiment * was tried with hexane, we met with an 
unsuspected phenomenon; after we had distilled one-half from C 
to B, the gauge M showed that the vapour pressure of the distillate 
at 0° was about 5 mm. a 
higher than that of the of-—fe p 
residue. We subse- 
quently proved that this so Stsé&Se 
behaviour was not due q 
to an impurity in the 
hexane, but to traces of 
gases that had not been 
removed by the altern- 
ate freezing and melting 
during evacuation. This 
difference disappeared 
when the mercury in M 
was lowered for one 
minute, but when the 
temperature of the bath 
was raised to 15° another 
difference arose which, 
in both sign and magni- 
tude, depended on the 
relative volume of the 
Band C parts of the 
apparatus and on the 
quantities of liquid in 

hem. : 

In one case, in which 

he volumes of the two 
parts were similar, im- 
mediately after one-third of the liquid had been distilled off at 0°. 
he distillate naturally had the higher vapour pressure (by 5 mm.), 
but after the short time of communication and subsequent warming 
bf the bath to 15°, the sign of this difference, as shown by MV, had 
hanged, the vapour pressure of the distillate being now 7 mm. 
ower, 

These phenomena indicate that the effect is caused by a trace of 
kas, a view which is supported by our method of obtaining the 









































* In the first experiment the tubes D and E were not present, so there was 


ho risk of dead ends having any influence. 
47 
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liquid completely pure. For this purpose the apparatus was 
modified by the addition of the two tubes D and #. Most of the 


liquid was contained in B, only a few drops being left.in C and D. 
The mercury in VM was lowered to G, and HZ was cooled in ice while 
B was warmed with the hand. About two-thirds of the liquid was 
distilled, and, as the last drops were evaporating from C and D, 
the tubes B and E were dipped into freezing mixtures of solid carbon 
dioxide-alcohol and liquid air respectively. The temperature of 
the former mixture was above the melting point of the hexane but 
so low that its vapour pressure was practically zero.* During this 
operation it was, of course, necessary to change the pressure in NV 
and XK in order to keep the mercury at nearly the same level. Tube 
E was now sealed off, and by the procedure described above, the 
purity of the remainder of the liquid was tested; it usually proved 
to be completely pure, but if it should not be so, the manipulations 
would have to be repeated, for which purpose tube D is present. 

Our experiments show that the common practice of testing for 
air in an apparatus with an electrical discharge after the liquid has 
been frozen in liquid air is quite untrustworthy. A substance cooled 
in a vacuum in liquid air may give the impression of being completely 
free from gas, but, when tested in an apparatus such as that de- 
scribed here, it is found still to contain an appreciable quantity, 
for if the gas is accumulated in a smaller amount of the substance, 
in the way described above, its presence can often be detected by 
electrical discharges. 

Finally we may mention that, not only hexane and benzene, but 
also the other substances investigated by us show the same effect. 


Summary. 


It has been shown that the filling of an apparatus with a pure 
volatile substance, by cooling the latter and evacuating the appar- 
atus, meanwhile melting and solidifying the substance several times, 
does not ensure that no appreciable amount of gas is left; generally, 
such an impurity cannot be detected by the ordinary electrical 
discharge method, but the procedure now described enables volatile 
substances to be completely freed from gases. 


THE UNIvERsiry, AMSTERDAM, [Received, July 17th, 1929.] 
* In dealing with a substance such as benzene, both tubes B and £ are 


finally dipped in liquid air; and previously B had to be cooled in ice and 2 
in carbon dioxide-alcohol. 
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CCCLXIII.—Studies of a Bredig Silver Hydrosol. 
By Rupert JetHRo Brest and Atwyn Brrcnmore Cox. 


Ir has been established by several workers (Rebiére, Compt. rend., 
1909, 448, 354; Beans and Eastlack, J. Amer. Chem. Soc., 1915, 
37, 2667; Pennycuick, J., 1927, 2600; Pennycuick and Best, 
J., 1928, 551) that an electrolyte is formed in addition to the metal 
hydrosol in the Bredig sparking method, but the actual nature 
of the electrolyte has not been investigated to any great extent, 
although in the case of platinum it has been shown to consist of 
a hydroxyplatinic acid (Pennycuick, J., 1928, 2108). It is now 
shown that the electrolyte produced during the preparation of 
silver sols by this process consists essentially of silver hydroxide. 
Stable silver sols have been prepared by Bredig’s method in 
water of specific conductivity 2—3 x 10° mho (Burton, Phil. 
Mag., 1906, 11, 425; Rebiére, loc. cit.). On the other hand, Pauli 
and Perlak (Kolloid-Z., 1926, 39, 195) were unable to prepare @ 
stable silver sol in water of specific conductivity 2 x 10 mho, 
but the addition of small quantities of foreign electrolytes, notably 
metallic hydroxides, rendered the preparation possible (see also 
Woodard, Diss., Columbia Univ., 1925). By controlling the 


temperature and the time of arcing, we have now produced stable 
silver sols in water of specific conductivity 0-4—0-5 x 10-* mho. 


EXPERIMENTAL. 


Preparation of the Sols—lIn accordance with the experience of 
Woodard (Joc, cit.), it was found that a sol on exposure to air absorbed 
carbon dioxide and cleared at the surface, the exposure sometimes 
causing the precipitation of an otherwise stable sol. This absorp- 
tion in a test case (for the sol medium) was found to cause a change 
in the pa value from 10 to 7-4 during 6 hours’ exposure, and pre- 
cautions were therefore taken to exclude carbon dioxide through- 
out. Siphoning of the,conductivity water to the cell, and of the 
sol to the conductivity vessels, in a carbon dioxide-free atmosphere 
was carried out on this account. 

Direct current of 5—6 amps. at 200 volts was found most suit- 
able, and the apparatus used was essentially the same as that 
described by Pennycuick (Aust. J. Exp, Biol., 1927, 4, 106). 

The stability of the sols was found to depend on temperature 
and time of arcing, the best results being obtained when the tem- 
perature of the water was kept within the limits 15—-40°, the time 
of arcing being 40—55 minutes. In the case of too short or too 
prolonged arcing, the sols remained stable only for a few hours or 
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at most a few days. Under the conditions described, sols which 
remained stable over the period of 10 months during which the 
observations were made were obtained in 80% of the trials. 

In some trials the sols were precipitated visibly after 10 minutes’ 
arcing, but when the arcing was continued, a stable sol was obtained. 
Pauli and Perlak (loc. cit.) 
consider that a minimum 
concentration of 6 x 10 
N-silver hydroxide is 
necessary for a_ stable 
silver sol to be prepared 
in this medium. As the 
soluble silver present in the 
clear supernatant liquid 
of our preparations after 
10 minutes’ arcing was 
found to correspond with 
more than this amount of 
hydroxide, it is to be ex- 
pected that further arcing 
will produce a stable sol 
unless the precipitating 
concentration is reached 
or exceeded. The sols are 
brownish-grey by reflected 
and brownish-yellow by 
transmitted light. Cata- 
phoresis experiments show 
the particles to be nega- 
tively charged. 

Silver Hydroxide as the 
Electrolyte in the Sol 
Medium.—The sols and 
the clear supernatant 
liquid (sol medium) ob- 
tained on precipitating the 

Volume of acid (c.c.). colloid gave an alkaline 

reaction. The hydrogen- 

ion activities of the sol media, determined colorimetrically, varied 
over the range pz 8—10, but were mostly near the higher value. 
Conductimetric titrations with hydrochloric and nitric acids were 
therefore carried out on portions of the same sol medium, and the 
results are set out in Table I and plotted in Fig. 1. The cell used 
was the same as that described by Pennycuick (loc. cit.). The 
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titrations were carried out on the day of its preparation on 50-0 c.c. 
of sol medium at 30-0°, the acids being made up with conductivity 
water and added from a micro-burette. The flat portions in the 
curves (see p. 2730) became almost negligible under these conditions. 


TaB.e I. 


Titration of 50-0 c.c. of the sol medium at 30-0° with 
(i) 0-0025N-HNO,. (ii) 0-0025N-HCI. 


Acid x X 10%, Acid x X 10%, Acid Acid 
added, pa ——.. |  gcided, +... added, added, 
obs. cale. c.c. obs. cale. ec. «xX10%  c.e. 
324 — 20-2 18-4 —_ 32-2 
30-9 30-8 . 19-8 17-5 0-23 29-05 
29:3 29-2 . 19-55 16-8 0-46 826-1 
27-7 27-6 . 19-6 0-71 22-9 
26:2 25-9 : 20-4 0-95 19-9 
24-5 24-0 . 21-9 1-19 
23-1 22-3 . 23-9 1-41 
22-4 21-5 . 26-3 1-64 
21-8 20-7 ‘ 30-2 1-82 
21-3 20-0 . 32°5 1-93 
20-7 19-2 2-05 
2°16 
2-20 
2-24 


i Go G9 G9 Go G9 bo bo bo bo bo to & 
WSIAWSLAAR 
= DASAADODS 


33-3 


The steep slope of the curves strongly suggests that they repre- 
sent the neutralisation of a hydroxide, and if it is assumed that 
the electrolyte is completely ionised silver hydroxide, then the 
conductivity at any point along the hydroxide slope may be calcul- 
ated from the neutralisation equation, Ag’ + OH’ + H* + A’—> 
Ag’ + A’ + HOH, by applying the relationship 





Fall in x = Vol. x normality of acid x 10%(A2aso" — Asstt) 
1 2 


where v, is the initial volume of the solution, and v, its volume 
after titration. (Values for Awosgon and Awsga were computed 
from the figures given in Taylor’s “ Treatise on Physical Chemistry,” 
Vol. 1, p. 541, by applying the appropriate temperature coefficients.) 
The agreement between such calculated values and the experi- 
mental results with nitric acid in Table I clearly indicates that the 
electrolyte is silver hydroxide and that at the concentrations con- 
sidered it is almost completely ionised. The divergence of the 
observed from the calculated values in the neighbourhood of the 
minimum is probably due to hydrolysis of the silver carbonate 
(see p. 2730). In the case of the titration with hydrochloric acid, 
calculation is rendered valueless on account of the uncertainty 
attached to the correction to be applied for the solubility of silver 
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chloride, especially in the freshly precipitated condition. Values 
calculated without applying this correction show a divergence from 
the observed values which is of the order to be expected. 

The normality, V (equivs./l. of original medium), of silver hydr- 
oxide in the sol medium may be calculated (a) from the initial 
conductivity, N =« X 10°/Acsgox; (6) from the first turning 
point of the titration curves; or (c) from the py value (which, 
being based on a colorimetric method, must be regarded as less 
exact). ‘The close agreement between the values calculated by 
these three methods, viz., N x 104 = 1-12, 1-125, and 1-26, respect- 
ively, taken in conjunction with the previous evidence, leaves little 
doubt as to the identity of the electrolyte. 

The Presence of Silver Carbonate in the Sol Medium.—The regions 
marked be and 6’c’ in the curves of Fig. 1 are flatter than the 
usual type of neutralisation curve, but the deviation may be 
neglected for ordinary purposes. The flattening might be traced 
to an oxide-hydroxide complex with a high Ag/OH ratio, but it 
is more probably due to the presence of a small amount of silver 
carbonate: This was directly tested by exposure of the sol medium 
to ordinary air, whereupon the absorption of carbon dioxide lowered 
both the pq value and the conductivity, and the flatter portions 
of the titration curves became more marked, the effects being 
more pronounced the longer the time of exposure. As was to be 
expected, formation of carbonate did not affect the position of the 
minimum in the hydrochloric acid titration curve which occurs 
at the same volume of added acid as before; the minimum in the 
nitric acid curve, however, occurs earlier, but the second turning 
point, c, becomes more marked and occurs at the same volume of 
added acid as before exposure. It is clear that the volume of 
acid equivalent to the carbonate present in a solution is directly 
obtained from the difference in added acid at the minima of the 
hydrochloric and nitric acid titration curves. In the actual titrations, 
a slight downward drift in the conductivity values, presumably due 
to the removal of carbon dioxide by the air stream used for stirring, 
follows the immediate drop after the addition of acid along bc and 
b’c’. Values recorded in Table I and plotted are the final values of 
the conductivity after the drift. 

Slight flat portions still persist in the graphs even when rigorous 
precautions have been taken to exclude carbon dioxide, and these 
can be traced to the gas contained in the conductivity water used. 
Assuming that the conductivity of the water in excess of the theor- 
etical is due to carbon dioxide, one of the authors has calculated 
(Aust. Jour. xp. Biol., 1929, 6, 107) that water of specific con- 
ductivity 0-4 x 10-* mho and 0-5 x 10-* mho at 18° would respect- 
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ively contain 0-53 x 10-° and 0-79 x 10> mol. of carbon dioxide 
per litre; hence the water used, which had « = 0-44 x 10-6, would 
contain 0-625 x 10°M-carbon dioxide, which corresponds with 
the quantity of silver carbonate deduced from the curves. 

Effect of Freezing the Sols——On freezing the sols the colloidal 
matter is precipitated, and if the supernatant liquid formed by 
thawing is separated, it is found to have a lower conductivity at 
30° than the original sol. The fall varies in the case of different 
preparations, depending on the amount of silver in true solution, 
and appears to be due to the decreased solubility of the electrolyte 
at the freezing point, since when the solution after thawing is 
allowed to remain in contact with the precipitated colloid at 30°, 
the conductivity rises and exceeds the original value determined in 
the case of the sol. This behaviour can best be explained by assum- 
ing that the colloidal particle itself splits off some silver hydroxide, 
and the following example may be quoted as typical of a number 
of determinations showing the recovery in the conductivity and 
the increase in the amount of silver in true solution. 

A preparation which before freezing had « = 27-4 gemmhos and 
contained 14-9 mg./l. of silver in true solution, on standing in 
contact with the colloidal matter after freezing gave « = 203, 
22-4, and 35-3 gemmhos after periods of 16, 22, and 40 hours respect- 
ively. In the same times, the amount of silver in true solution 
determined by conductimetric titrations was found to be 11-8, 
16-1, and 22-7 mg./l., respectively. From this behaviour, it follows 
that the colloidal particle contains in its complex either silver 
hydroxide or silver oxide, which gives rise to the increased amount 
of electrolyte formed. This is in agreement with the work of 
Rebiére (Compt. rend., 1912, 154, 1540), who, after analysis of a 
number of flocculated silver sols, which on ignition gave up oxygen 
and lost weight, showed that the complex consisted of metallic 
silver with silver oxide (silver hydroxide would also fit the facts) 
in proportions varying from 29 to 68% of the latter. 

In the conductimetric titrations carried out in the above con- 
nexion it was observed that the amounts of silver carbonate present 
were greater than that found in a freshly prepared sol. This is 
doubtless due to diffusion of carbon dioxide through rubber, but 
does not affect the main result. 

Conductivity of the Sols—From a number of preliminary deter- 
minations, it would appear that the conductivity of a sol varies on 
standing, and two types of change have been observed. In most 
cases there was a rise in conductivity followed by a fall, and finally 
a slow rise to a steady value. In a typical case the conductivity 
after definite times was as follows : 
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05 18 40 .67 72 89 94 96 £143 237 

56-1 62-9 62-2 59-1 59-3 59-8 60-0 60-2 61 6) 

On the other hand, a few weak sols showed a general fall in con. 

ductivity, gradually decreasing to a steady value. The exact 

cause of these changes is still being investigated. A general explan. 

ation that suggests itself in the light of Donnan’s hypothesis (Phil. 

Mag., 1901, 1, 647) is that the colloidal complex attains its “ critical 

size” by either building up or breaking down, involving a change 
in the concentration of the electrolyte. 


Summary. 


1. Stable silver sols have been prepared in water of initial specific 
conductivity 0-4—0-5 x 10° mho. 

2. The electrolyte formed during the process has been identified 
as silver hydroxide by means of conductimetric titration. 

3. It has been shown that the clear liquid obtained by thawing 
a frozen sol contains more silver hydroxide than the original sol. 

4. The cause of a slight irregularity in the titration curves has 
been traced to the presence of a small quantity of silver carbonate 
resulting from interaction of the hydroxide, formed during the 
sparking, with carbon dioxide initially present in the conductivity 
water. 

5. Changes in the conductivity of the sols with time are recorded 
and briefly discussed. 


We wish to thank Professor A. Killen Macbeth for his interest 
in the work and for valuable criticism and advice. 


UNIVERSITY OF ADELAIDE, 
SoutH AUSTRALIA. [Received, October 14th, 1929.] 





CCCLXIV.—The Oxidation of a-Terpinene with 
Benzoylhydroperoxide. 


By Lzstiz ALDERMAN ELson, CHARLES STANLEY GIBSON, 
and JoHN LIONEL SIMONSEN. 


Ir was suggested by Nelson (J. Amer. Chem. Soc., 1911, 33, 1404; 
1913, 35, 84) that the isomeric substance which is formed when 
ascaridole (I) is heated at 150° is the dioxide (II). It appeared 
that it might be possible to synthesise this substance by the oxid- 
ation of «-terpinene with benzoylhydroperoxide (compare Prile- 
schaev, J. Russ. Phys. Chem. Soc., 1910, 42, 1387, and subsequent 
papers; Meerwein, J. pr. Chem., 1926, 113, 14). A synthesis of 
this dioxide would be of special interest, since it does not appear 
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unlikely that it might have the constitution (III), the intermediate 
formation of which is postulated by Nelson during the hydration 
to ascaridole glycol are 


CMe 


\ H ryt H, / om OH 
~ et ale H, oF H may ) ILO 
H,C 0 CH wig 4s il 

\ 4 CHMe,*C—O HMe, VE 
(I.) C*-CHMe, (II.) (III.) (IV.) 
Unfortunately, «-terpinene cannot be obtained free from p-cymene 

and the isomeric terpinenes. The specimen used by us had been 
prepared by Dr. T. A. Henry and Mr. H. Paget from a supposed 
Russian oil of turpentine. It had constants agreeing well with 
those usually found for ordinary terpinene, and the yield of nitrosite 
(see below) was comparatively high. When the terpene was treated 
with benzoylhydroperoxide the oxidation proceeded rapidly but 
addition of only one atom of oxygen occurred. The product con- 
tained, in addition to p-cymene, present to the extent of 30% 
in the original oil, and complex substances which could not be 
identified, chiefly 1 : 4-oxido-A®-p-menthene (V), the constitution of 
which was proved by its oxidation to 1:4-cineolic acid (VI). 
Addition to «-terpinene took place, therefore, in the 1 : 4-positions 
and the projected synthesis could not be realised. 


H,C% Nt 
2 2 (VI.) 


-CHMe, *CHMe, 


HQ | 4H 


ExPERIMENTAL 


The terpinene used had, after distillation over sodium, b. p. 
173—180°, d3: 0-8529, nZ" 1-4748. From 3 c.c. of the oil, 0-2 g. of 
the crystalline nitrosite could be prepared. 

The terpene (16 g.) was added to a solution of benzoylhydro- 
peroxide in chloroform (2 1.; 100 c.c. = 0-19 g. of available oxygen) 
at 0°. After 1 hour, titration showed that approximately one-half 
of the available oxygen had been used; no further change took 
place after the mixture had been kept for a further 48 hours below 
8°. An additional quantity of the terpene (16 g.) was added and 
after 12 hours the chloroform solution, having been washed with 
sodium hydroxide solution (10%) until free from benzoic acid, 
was dried, and the chloroform removed, a long column being used. 
The residual oil was subjected to prolonged fractional distillation 
under diminished pressure, difficulty being experienced in the 

4z2 . 





2734 OXIDATION OF «-TERPINENE WITH BENZOYLHYDROPEROXIDE. 


earlier fractionations owing to the presence of a substance which 
lost water. Ultimately, three fractions were obtained: (i) b. p. 
175—177°/768 mm., di? 0-8644, np" 1-4810; (ii) b. p. 115—117°/50 
mm., di: 0-9281, nz 1-4728, [Rz]o 45°90; and (iii) a fraction 
which boiled irregularly from 135—180°/50 mm. 

Fraction (i), which comprised about 30% of the total distillate, 
consisted of p-cymene, which was identified by analysis and by 
oxidation to p-a-hydroxyisopropylbenzoic acid. 

Fraction (ii). 1 : 4-Oxido-A*-p-menthene. The oxide was a some- 
what thick, colourless oil having a faint camphoraceous odour 
(Found: C, 79-6; H, 10-6. ©, H,,0 requires OC, 79-0; H, 10-5%). 
It was only very slowly attacked by potassium permanganate in 
acetone solution, but in the presence of alkali the oxidation pro- 
ceeded readily, The oxide (14 g.) was suspended in sodium carbon- 
ate solution (Na,CO,, 5 g.) and, after being cooled to 0°, treated 
with aqueous potassium permanganate (2:5%,) (mechanical stirring) 
until a permanent pink colour was obtained, carbon dioxide being 
passed through the solution during the reaction. After distillation 
in steam to remove a small quantity of volatile oil, the solution 
was filtered and evaporated to dryness in a current of carbon 
dioxide. The residual salts were extracted with chloroform, to 
remove neutral products of the reaction (A), and dissolved in a 
little water; after acidification, a partly crystalline acid separated. 
This was dissolved in ether, the ethereal extract dried and evapor- 
ated, and the crystalline residue dried on porous porcelain. The 
solid, m. p. 112—115°, was recrystallised from water, in which it 
was somewhat sparingly soluble, and was obtained in colourless 
needles, m. p. 121—122°. It was identified as 1 : 4-cineolic acid 
by analysis (Found: C, 55-8; H, 7-7. Cale.: C, 55-5; H, 7-4%) 
and by the method of mixed melting point. From the porous 
plate on which the cineolic acid had been drained, a liquid acid was 
extracted which did not crystallise and was not identified. 

The chloroform solution (A) gave on removal of the solvent a 
viscid oil, which was readily soluble in all the ordinary solvents 
except light petroleum. It could not be obtained crystalline and 
the benzoyl derivative also was an oil. 

Fraction (iii) was apparently a complex mixture and no fraction 
of constant boiling point could be separated. A fraction, b. p. 
125—135°/24 mm., which should have contained any dioxide which 
might have been formed in the reaction, had d3!? 0-9654 and nj} 
14707. It gave on analysis figures which showed it to be a mixttire 
(Found: C, 75:5; H, 10-0%). On distillation in steam it was 
apparently decomposed with formation of p-cymene and a much 
less volatile oil. The latter, b. p. 160—180°/28 mm., nf” 1-528, 
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was & viscid yellowish oil and consisted apparently of a diterpene 
(Found: C, 87-9; H, 11-9. Cale.: C, 88-2; H, 118%). When 
dissolved in acetic anhydride, it gave with sulphuric acid a transient 
purple coloration passing into a deep red. 

In the preliminary fractionation of the oil a small fraction, 
distilling above 180°/20 mm., was separated which on keeping 
deposited a few mg. of a crystalline solid. This crystallised from 
light petroleum in feathery leaflets, m. p. 110—112°, but the quantity 
was insufficient for analysis. 


We wish to express our thanks to Dr. T. A. Henry for the terpinene 
used in these experiments and for the specimen of 1 : 4-cineolic 
acid used for comparison purposes. The cost of this investigation 
has been met by a grant from the Government Grant Committee 
of the Royal Society, which is also gratefully acknowledged. 


Guy’s Hosrirat Mepicat Scuoot (UNiIverstry or Lonpon), 
Lonpon, 8.E. 1. [Received, October 17th, 1929.] 





CCCLXV.—Monohalogenomononitrotoluenes. Arsenical 
Compounds derived from 3-Bromo-4-nitrotoluene. 


By LESLIE ALDERMAN ELSON, CHARLES STANLEY.GIBSON, and JOHN 


DosNEY ANDREW JOHNSON. 

WueEN the synthesis of various nitrodiphenylamine-6’-arsinic acids 
was commenced and their reduction products and the production of 
derivatives of 10-chloro-5 : 10-dihydrophenarsazine were studied 
(Gibson and Johnson, this vol., p. 1229), only seven of the ten 
theoretically possible monobromonitrotoluenes were known. An 
eighth, viz., 2-bromo-3-nitrotoluene, was described in the above- 
mentioned paper (p. 1243) and the two remaining ones, viz., 3-bromo- 
2-nitrotoluene (I) and 3-bromo-4-nitrotolwene (II), are now described. 
The latter substance has been prepared by direct synthesis, and 
the former by what appears to be a unique reaction. 


Me Me 


16) 
(I.) @: 2 e: (II.) 


NO, 

The chlorine analogue of (II) was shown by Reverdin and Crépieux 
(Ber., 1900, 33, 2505) to be formed, together with 5-chloro-2-nitro- 
toluene, by nitration of m-chlorotoluene; but the substance has 
been isolated only by Wibaut. (Rec. trav. chim., 1913, 32, 244), who 
chlorinated aceto-o-toluidide, nitrated the product, and removed 
the acetamido-group. Wroblewski (Annalen, 1873, 168, 170) and 
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Grete (ibid., 1875, 177, 246) nitrated m-bromotoluene, and the 
crystalline substance they isolated has been shown to be 5-bromo- 
2-nitrotoluene (Gibson and Johnson, loc. cit., p. 1245). 

An attempt was first made to introduce a bromine atom into 
the nucleus of 4-nitro-2-aminotoluene; the two most probable 
products should both yield 3-bromo-4-nitrotoluene on deamination. 


Unfortunately, a dibromo-derivative was produced, as Morgan and 
Clayton (J., 1905, 87, 951) have shown. 

The next line of attack was to try to prepare 4-nitro-3-amino- 
toluene, from which the required bromonitrotoluene (II) should be 
accessible by means of theSandmeyerreaction. Themethodsof Brady 
and Cook (J., 1920, 117, 752 ; compare Cohen and Dakin, J., 1903, 83, 
333) and of Stiadel and Kolb (Annalen, 1890, 259, 224) were found 
to be unsuitable for the preparation of this nitroamine in quantity. 
We also attempted to prepare it from 5-nitro-2-aminotoluene by 
the methods of Morgan and Micklethwait (J., 1913, 103, 1399) and 
of Morgan and Scharff (J., 1914, 105, 121): 5-amino-2-acetamido- 
toluene was obtained by the reduction of 5-nitro-2-acetamidotoluene 
and from it we prepared 4-nitro-2 : 5-diaminotoluene as described 
by these authors, but the partial deamination of this nitrodiamine 
to 4-nitro-3-aminotoluene by us was nothing like so successful as 
by Morgan and his co-workers, who obtained a yield of 60—70%. 
We finally prepared 4-nitro-3-aminotoluene in good yield by the 
action of methyl-aleoholic ammonia on 2 : 4-dinitrotoluene (Page 
and Heasman, J., 1923, 123, 3235) according to the method of 
Kenner and Parkin (J., 1920, 117, 858). 

From the nitroamine, 3-chloro-, 3-bromo-, and 3-iodo-4-nitro- 
toluenes were prepared by means of the Sandmeyer reaction. 
The first two compounds are amongst the lowest-melting of their 
isomerides, but 3-iodo-4-nitrotoluene is one of the highest-melting 
of its isomerides. Previous to this work, nine of the ten theoretically 
possible iodonitrotoluenes had been rationally synthesised; Beil- 
stein and Kuhlberg (Annalen, 1871, 158, 350), by nitration of 
m-iodotoluene, obtained what should, by elimination, be the tenth 
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ijsomeride—3-iodo-4-nitrotoluene. The properties of the substance 
they describe agree very closely with those of the pure substance 
now rationally synthesised. 

One anomaly concerning the iodonitrotoluenes occurs in the 
literature, viz., that on nitration of o-iodotoluene, 2-iodo-4-nitro- 
toluene, m. p. 102°, is produced (Datta and Varma, J. Amer. Chem. 
Soc., 1919, 41, 2047). This substance has, however, been rationally 
synthesised by many workers and has a much lower melting point 
(58°). The product obtained by Datta and Varma would appear 
to be 2-iodo-5-nitrotoluene (m. p. 103—104°), which has been pre- 
pared by Reverdin and Kacer (Ber., 1897, 30, 3000) from the 
corresponding nitroamine. 

Two references to 3-bromo-2-nitrotoluene occur in the literature. 
Nevile and Winther (Ber., 1880, 13, 1945) stated that by nitration 
of 3-bromo-5-acetotoluidide, followed by hydrolysis and deamination, 
3-bromo-2-nitrotoluene was obtained as an uncrystallisable oil, 
volatile in steam. The nitro-group was oriented in the conventiona 
manner. The scanty details recorded by these authors make it 
impossible to repeat their work, but it is clear that the supposed 
3-bromo-2-nitrotoluene was impure, since the pure substance is a 
solid, m. p. 27°. Burton and Kenner (J., 1926, 1802) mercurated 
o-nitrotoluene and oriented the products by treatment with bromine 
in potassium bromide solution. 4-Bromo-2-nitrotoluene was isolated 
in the pure state in small yield, and the presence of 3-bromo-2- 
nitrotoluene in the major oily portion of the product was demon- 
strated by oxidation to the corresponding bromonitrobenzoic acid. 
3-Bromo-2-nitrotoluene was, however, not isolated. 

The synthesis of 3-bromo-2-nitrotoluene was attempted by means 
of the ae series of reactions : 


Me Me Me 


NHAc 
aE } (IV.) 


The first three stages have been described by Page and Heasman 
(loc. cit., p. 3239) and the fourth by Kenner and Parkin (J., 1920, 
117, 855) and by Burton and Kenner (J., 1921, 119, 1051). Sub- 
stance (III) was readily obtained, but, as the details recorded for 
its conversion into (IV) proved to be inadequate, an alternative 
method of deamination was attempted. The dinitrotoluidine, 
mixed with concentrated hydrochloric acid and alcohol and treated 
with a solution of sodium nitrite, furnished a moderate yield of a 
chloronitrotoluene, m. p. 21—22°. The four chloronitrotoluenes 
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most likely to be formed from (III) are (a) 3-chloro-2-nitrotoluene, 
(6) 4-chloro-2-nitrotoluene, (c) 2-chloro-3-nitrotoluene, and (d) 
4-chloro-3-nitrotoluene, (a) and (c) being the most probable. The 
substance was shown not to be (c) and appeared to be (a), since the 
melting point given for (a) is 21—-22°. Substance (a).is the chlorine 
analogue of the required bromonitrotoluene and the deamination 
of (III) was therefore carried out with 36% hydrobromic acid 
instead of hydrochloric acid; a 45% yield of 3-bromo-2-nitrotoluene 
was obtained. It was shown to be different from seven isomerides 
(marked with an asterisk in the following table) and the final proof 
of its constitution was furnished by the bromonitrobenzoic acid 
(m. p. 249—253°) which it yielded on oxidation. 

An attempt was made to extend this interesting reaction, in 
which an amino-group is replaced by a hydrogen atom and at the 
same time a nitro-group is replaced by a bromine atom, to other 
dinitrotoluidines. 2 : 6-Dinitro-p-toluidine gave no bromonitro- 
toluene. It appeared probable that the peculiar’ reactivity of 
the 3-nitro-group in (III) had its origin in the vicinal character of 
the various groups. We therefore attempted to prepare 3-bromo- 
4-nitrotoluene from 3:4- and 4: 5-dinitro-o-toluidines, but only 
from the former were we able to isolate a small quantity of it. 

The most probable melting points of the halogenonitrotoluenes are 
given in the following table : 

CH,: NO,: X. X=CkL X=Br. X =I. 
: : 23-4° 27° 65° 
38 *46 61 
24-9 *55 84 
35-3 *41 
22-1 *42 68 
7 *33 55 
58-4 82 77 
42-9 *78 104 


62-3 *78 58 
24-2 37 105 
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The condensation of 3-bromo-2-nitrotoluene (I) with o-amino- 
phenylarsinic acid under the conditions previously described (this 
vol., p. 1246) did not oy a satisfactory product, but from 3-bromo- 


Me 
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4-nitrotoluene and o-aminophenylarsinic acid, 2-nitro-5-methyldi- 
phenylamine-6'-arsinic acid (V) was obtained. On reduction, the 
corresponding dichloroarsine (V1) was produced, and this on boiling 
in acetic acid solution was converted into 10-chloro-4-nitro-1-methyl- 
5: 10-dihydrophenarsazine. The physical properties, melting points, 
solubilities and colour of these arsenic compounds are in agreement 
with the results described (this vol., loc. cit.) for the isomeric 


compounds. 
EXPERIMENTAL. 

5-Amino-2-acetamidotoluene (compare Morgan and Micklethwait, 
loc. cit.).—5-Nitro-2-acetamidotoluene (8 g.), mixed with alcohol 
(27-5 ¢.c.), water (27-5 c.c.), and acetic acid (2-75 c.c.), was treated 
at the boiling point with iron filings (11 g.), added cautiously in 
small portions. The mixture was boiled for 4 hours, the liquid 
filtered as hot as possible, and the residue well washed with alcohol. 
The alcohol was distilled off from the united filtrates, the residue 
mixed with water, and the boiling solution treated with decolorising 
charcoal. The filtrate deposited colourless crystals of 5-amino-2- 
acetamidotolwene, which, recrystallised from alcohol, yielded needles, 
m. p. 143° (Found in substance dried at 109°: N, 17-4. C,H,,ON, 
requires N, 17-1%). 

4-Nitro-3-aminotoluene was prepared by heating a mixture of 
3: 4-dinitrotoluene (115 g.), concentrated ammonia solution (284 c.c.), 
and methyl alcohol (1736 c.c.) in an autoclave at 150° for 6 hours 
(compare Kenner and Parkin, loc. cit.). After evaporating to 
dryness on the water-bath, the residue was crystallised from a little 
ethyl alcohol, 60 g. of pure nitroamine being obtained. ° 

3-Chloro-4-nitrotoluene.—A suspension of finely divided 4-nitro- 
3-aminotoluene (15 g.) in hydrochloric acid (17 c.c,) and water 
(34 c.c.) was diazotised below 0° with a solution of sodium nitrite 
(7-5 g.) in water (10 c.c.). The diazo-solution was poured with 
stirring but without cooling into a solution of. cuprous chloride 
(85 g.) in hydrochloric acid (29 c.c.). After warming on the water- 
bath for a short time, the chloronitrotoluene was distilled in steam, 
extracted with ether, washed with sodium hydroxide solution and 
with water, dried with calcium chloride, and the ether evaporated. 
The residue was distilled; 9-9 g. passed over at 146°/19 mm. and 
solidified on cooling to a mass of pale yellow needles, m. p. 22°. 

3-Bromo-4-nitrotoluene (II)—A suspension of finely divided 
4-nitro-3-aminotoluene (30 g.) in hydrobromic acid (36%; 81 c.c.) 
and water (64 ¢.c.) was treated below 0° with a solution of sodium 
nitrite (14-1 g.) in water (24 ¢.c.). The diazo-solution was added 
with stirring but without cooling to a solution of cuprous bromide 
in hydrobromic acid (d 1-49; 67 c.c.). The cuprous bromide was 
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prepared by saturating with sulphur dioxide a solution prepared by 
mixing solutions of copper sulphate crystals (36-2 g.) in water 
(120 c.c.) and potassium bromide (18-2 g.) in water (42 c.c.). The 
product (23 g.) was isolated as described for 3-chloro-4-nitrotoluene. 
It formed yellow needles, m. p. 37°, b. p. 156—158°/19 mm. It is 
readily soluble in alcohol and ether but insoluble in water (Found: 
Br, 37-1. C,H,O,NBr requires Br, 37-0%). 

3-Iodo-4-nitrotoluene.—A solution of potassium iodide (24-5 g.) 
in water (41 c.c.) was added slowly to the diazo-solution prepared 
from 4-nitro-3-aminotoluene (14-5 g.), sulphuric acid (11 c¢.c.) and 
water (102 c.c.), and a solution of sodium nitrite (8-2 g.) in water 
(16-3 c.c.). Nitrous fumes were evolved and solid matter contain- 
ing iodine separated. After standing at the ordinary temperature 
for 15 minutes, the liquid was heated on the water-bath for an 
hour and a little sodium bisulphite was added to remove the excess 
of iodine. Since the semi-solid product was not readily volatile 
in steam, it was cooled, filtered off, and dissolved in ether, and the 
ethereal solution was worked up as described for the analogous 
chloro-compound. On evaporation of most of the ether, the iodo- 
nitrotoluene crystallised in orange-coloured needles, which were 
pressed on porous porcelain and recrystallised from alcohol; the 
orange-yellow needles thus obtained melted at 95—97° to a milky 
liquid, which became clear at 104°; after resolidification, this melted 
at 103—105° without any preliminary change (Found: I, 47:7. 
C,H,O,NI requires I, 48-25%). Beilstein and Kuhlberg (loc. cit.) 
give the melting point of the nitration product of m-iodotoluene as 
108—109°. 

Nitration of 3-Bromo-5-acetotoluidide.—(a) The acetyl derivative 
(10 g.) was added in small quantities to cold nitric acid (d 1-5; 30 c.c.) 
so that the temperature remained between 0° and 10°. The clear 
yellow solution was kept in cold water for 20 hours and then poured 
on ice (150 g.). The precipitated solid, after crystallising from 
alcohol, appeared from analysis to be impure dinitro-compound. 
(6) The acetyl derivative (10 g.) was recovered unchanged when it 
was added to nitric acid (d 1-45; 30 c.c.) below 0°, and the mixture 
poured on ice after 10 minutes. 

3-Chloro-2-nitrotoluene—A suspension of finely divided 2 :3- 
dinitro-4-aminotoluene (11 g.) in hydrochloric acid (80 c.c.) and 
alcohol (80 c.c.) was treated below 0° with a solution of sodium 
nitrite (9 g.) in water (10. c.c.). The liquid was heated on the water- 
bath : when the temperature reached 15°, nitrogen and acetaldehyde 
were freely evolved; at 45°, the liquid had a deep red colour; at 
70°, all reaction was over, the colour of the solution changed to 
pale orange-yellow, and a heavy dark-coloured oil was precipitated. 
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A yellow oil passed over on steam distillation. This was extracted 
in ether, washed with a solution of sodium hydroxide and with 
water, and dried with calcium chloride, and the ether evaporated. 
The residue (moderate yield), which crystallised on cooling, was 
pressed on porous porcelain ; it then had m. p. 21—22° (Found : Cl, 
20:7; N, 8:3. Cale.: Cl, 20-7; N, 82%). 

3-Bromo-2-nitrotoluene (I1).—This was prepared in a similar manner 
to the preceding substance, 2 : 3-dinitro-4-aminotoluene (48 g.), 
hydrobromic acid (d 1-324; 700 c.c.), alcohol (350 c.c.), sodium 
nitrite (39-3 g.), and water (70 c.c.) being used. When the diazo- 
solution was heated on the water-bath, traces of a lachrymatory 
substance were evolved. 3-Bromo-2-nitrotoluene has b. p. 129— 
130°/10 mm, and m, p. 27°. It crystallises in pale yellow needles, 
somewhat soluble in alcohol and ether, but insoluble in water 
(Found: N, 6-4; Br, 37-5. C,H,O,NBr requires N, 6-5; Br, 
370%). On oxidation with potassium permanganate in neutral 
solution it was converted into a bromonitrobenzoic acid, m. p. 
249—253°, which was doubtless 3-bromo-2-nitrobenzoic acid, since 
this is the only one of the known nine isomerides which melts above 
200°. The unknown tenth bromonitrobenzoic acid corresponds to 
6-bromo-2-nitrotoluene, from which the new bromonitrotoluene was 
shown to be different. . 

The residue in the distillation flask after the removal of the 
bromonitrotoluene under reduced pressure solidified on cooling 
and crystallised well from alcohol (charcoal). After three crystallis- 
ations, it was obtained in pale yellow prisms with a faint green 
reflex and had m. p. 95—96°, unchanged after further recrystallis- 
ation from ligroin (b. p. 60—80°) (Found: C, 30-1; H, 2-0; N, 
5-7, 5-75; Br, 50-1, 49-7. C,,H,O,N,Br, requires C, 29-7; H, 1-9; 
N, 5-8; Br, 49-5%). The constitution of this apparently homo- 
geneous substance is unknown. 

4-Bromo-2 : 6-dinitrotoluene.—The diazo-solution prepared from 
2 : 6-dinitro-4-aminotoluene (26 g.), hydrobromic acid (36% ; 54c.c.), 
water (36 c.c.), and sodium nitrite (9-4 g.) in water (16 c.c.) was 
added to a solution in hydrobromic acid (d 1:49; 44-5 c.c.) of 
cuprous bromide prepared as above from copper sulphate crystals 
(24-1 g.) in water (80 c.c.) and potassium bromide (12-1 g.) in water 
(28 c.c.). The reaction was carried out in a large beaker because 
of the excessive frothing, which is difficult to control. The product 
was heated on the water-bath for a short time, water added and, 
after cooling, the solid matter was filtered off, washed with water, 
and recrystallised from alcohol. After two crystallisations, it was 
obtained in orange-yellow needles, m. p. 89—90° (Found : N, 10-9; 
Br, 30-1. C,H,0,N,Br requires N, 10-7; Br, 30-6%). 
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Attempts to prepare 3-Bromo-4-nitrotoluene from 3 : 4-Dinitro- and 
4 : 5-Dinitro-2-aminotoluenes.—These dinitrotoluidines (11 g.) were 
treated as described for 2 : 3-dinitro-4-aminotoluene. In the case 
of the former, a small quantity of a pale yellow oil was obtained 
which partly solidified on cooling. After being pressed on porous 
porcelain, the solid had m. p. 31—32°. In admixture with 3-bromo. 
4-nitrotoluene, it melted at a somewhat higher temperature, showing 
that it was a slightly impure specimen of this substance. From 
4 : §-dinitro-2-aminotoluene, a little oil was obtained which solidified 
in a freezing mixture. It liquefied at 15°, but the quantity was too 
small for fractional solidification. 

2-Nitro-5-methyldiphenylamine-6'-arsinic Acid (V).—A mixture 
of 3-bromo-4-nitrotoluene (16-7 g.), o-aminophenylarsinic acid 
(16-7 g.), potassium carbonate (13-4 g.), amyl alcohol (78 c.c.), 
and a trace of copper powder was boiled for 5 hours. Volatile 
products were removed by steam distillation, the aqueous solution 
was treated with decolorising charcoal and filtered, and the filtrate 
acidified. The precipitated acid, crystallised twice from dilute 
acetic acid (charcoal), gave golden-yellow needles, m. p. 228—230° 
(decomp.), in moderate yield (Found: As, 21-6. C,,;H,,0;N,As 
requires As, 21-3%). 

2-N itro-5-methyldiphenylamine-6'-dichloroarsine (V1).—The pre- 
ceding substance (2-2 g.), dissolved in a hot mixture of alcohol 
(11 ¢.¢c.) and hydrochloric acid (11 ¢.c.) containing a trace of iodine, 
was reduced by passage of sulphur dioxide for a few minutes. An 
oil was precipitated which partly solidified on cooling. It was 
extracted with benzene and the extract was washed with con- 
centrated hydrochloric acid, dried with calcium chloride, and 
evaporated to small bulk. When the residue cooled, the dichloro- 
arsine was deposited in orange-red needles, m. p. 137° (slight decomp.) 
(Found: Cl, 18-6. C,,;H,,0,N,Cl,As requires Cl, 190%). The 
mother-liquor furnished a further quantity of slightly impure 
material, which, however, was suitable for the following preparation. 

10-Chloro-4-nitro-1-methyl-5 : 10-dihydrophenarsazine (VII).—The 
preceding substance (1 g.) was boiled in acetic acid solution (10 c.c.) 
for 2 hours. Hydrogen chloride was evolved and red solid material 
separated. Acetic acid was added until a homogeneous solution 
at the boiling point was obtained. On cooling, 10-chloro-4-nitro- 
1-methyl-5 : 10-dihydrophenarsazine was deposited in deep red 
needles, m. p. 198—200° (slight decomp.) (Found: Cl, 10:3. 
C13H;90,N,ClAs requires Cl, 10-5%). 

Guy’s Hosrrrat Mepicat ScHoor (UNIvVERsITy or Lonpoy), 

Lonvon, 8.E. I. [Received, October 17th, 1929.] 
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CCCLXVI.—10-Chloro-5 : 10-dihydrophenarsazine and 
its Derivatives. Part XI. Mono-, Di-, and Tri- 
methyl Derivatives. 

By CHARLES STANLEY GIBSON and JoHN DoBNEY ANDREW JOHNSON. 


In Part TX (this vol., p. 1229) the hypothesis was developed that, 
when substituted diphenylamine-6’-arsinic acids are reduced in 
hydrochloric acid—alcohol solution, the nature of the isolable product 
is dependent upon the nature of the substituting group or groups. 
Only those diphenylamine-6’-arsinic acids in which a nitro-group is 
in the ortho-position to the -NH group yield isolable dichloroarsines, 
with one exception, 5-nitro-2-methyldiphenylamine-6’-arsinic acid, 
an explanation of the anomalous behaviour of which was given on a 
stereochemical basis (loc. cit., p. 1241). It is a consequence of the 
hypothesis that diphenylamine-6’-arsinic acids containing only 
methyl groups as substituents should yield derivatives of 10-chloro- 
5: 10-dihydrophenarsazine directly on reduction, the intermediate 
dichloroarsines being too unstable to exist. The reduction of a 
number of monomethyldiphenylamine-6’-arsinic acids has already 
been described (Gibson and Johnson, J., 1927, 2508, 2510; this 
vol., pp. 779, 785, 786) and that work has now been extended to 
di- and tri-methyldiphenylamine-6’-arsinic acids. 

The condensation of o-bromophenylarsinic acid and 4-amino-m- 
xylene gave a good yield of 2 : 4-dimethyldiphenylamine-6'-arsinic 
acid (I), purified through its ammonium salt. On reduction under 
the conditions previously described, 10-chloro(bromo)-2 : 4-dimethyl- 
5: 10-dihydrophenarsazine (II) was obtained, no dichloro- or di- 
bromo-arsine being isolated. On oxidation, the chloro-compound 
yielded the corresponding phenarsazinic acid (III), which gave a 
hydrochloride identical with that obtained by boiling 2: 4-di- 
methyldiphenylamine-6’-arsinic acid (I) with concentrated hydro- 
chloric acid. 


Cl(Br) Ox /OH 
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In a similar manner, by condensing 3-bromo-p-tolylarsinic acid 
with m-toluidine and with p-toluidine, 3 : 3’-dimethyldiphenylamine. 
6’-arsinic acid (IV) and 4 : 3’-dimethyldiphenylamine-6'-arsinic acid 
(V), respectively, were obtained, and these acids on reduction gave 
i9-chloro(bromo)dimethyl-5 : 10-dihydrophenarsazines directly. In the 
case of the former arsinic acid (IV), ring closure might lead to the 
formation of two isomeric cyclic substances, (VI) and (VII), but the 
reduction product appeared to be homogeneous. Ring closure of 
the arsinic acids (IV) and (V) was also readily effected by boiling 
with concentrated hydrochloric acid, the hydrochlorides of the cyclic 
acids being formed. 


(Br)Cl Me Cl(Br) 


ORO OS Ow OO 
M M NH e M } 
(IV.) H 


(VII.) (VI.) 


Cl 
As 
AsO(OH) e . € own) 
(V-) v9 monn Cs ie COSA (VIL. 
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The crude condensation products of 3-bromo-p-tolylarsinic acid 
with 2-amino-p-xylene and with 4-amino-m-xylene could not be 
readily purified, but on reduction of the crude acids, 10-chlor- 
1 : 4: 7-trimethyl-5 : 10-dihydrophenarsazine (IX) and _  10-chloro- 
2:4: 7-trimethyl-5 : 10-dihydrophenarsazine (X), respectively, were 
obtained. 

1 Me 


C Cl 
As As 
=O sO 
; Ht Me 


Me 


2:4: 7-Trimethylphenarsazinic acid hydrochloride was also ob- 
tained on boiling the crude condensation product of 3-bromo-)- 
tolylarsinic acid and 4-amino-m-xylene with concentrated hydro- 
chloric acid. The 10-chlorotrimethyl-5 : 10-dihydrophenarsazines 
are characterised by having much greater solubilities in benzene than 
that of the parent substance. 

The above results seem to be in accordance with the views pre 
viously expressed. Careful observations showed that during the 
reduction of the diphenylamine-6’-arsinic acids, unless care be takel 
to ensure otherwise, the hydrochlorides of the cyclic phenarsazinit 
acids separate from the liquids and may escape reduction. It woul! 
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appear, then, that cyclisation of the methyldiphenylamine-6’- 
srsinic acids is effected by means of the concentrated hydrochloric 
acid, the hydrochloride of the phenarsazinic acid then being reduced 
to the 10-chloro-5 : 10-dihydrophenarsazine derivative. This view 
was foreshadowed in Part VII (this vol., p. 773). 

From the results obtained in the earlier stages of these investig- 
ations (J., 1926, 2243, footnote) it appeared that the condensation 
of arsenious chloride with substituted diphenylamines only took 
place when all the ortho-positions relative to the -NH group were 
free, except in the case of phenylene-substituting groups. The 
preparation of many substituted diphenylamines having been greatly 
facilitated by the work of Chapman (J., 1925, 127, 1992; 1927, 
1743; this vol., p. 569), it has been possible to carry out further work 
on the condensation of methyldiphenylamines with arsenious 
chloride and so to test more completely the previous conclusions. 
Phenyl-o-tolylamine was prepared by the hydrolysis of its benzoyl 
derivative (XII), produced by the isomerisation of N-o-tolylbenz- 
iminophenyl ether (XI). 


(,H,‘N:CPh-OPh ———> C,H,"NPh-COPh —> ©,H,-NHPh 
(XI.) (XII) 

It readily condensed with arsenious chloride in o-dichlorobenzene 
solution, the product, 10-chloro-4-methyl-5 : 10-dihydrophenarsazine, 
being identical with that prepared by reducing 2-methyldiphenyl- 
amine-6’-arsinic acid (Gibson and Johnson, J., 1927, 2510). 

Similarly, o-tolyl-m-tolylamine prepared by hydrolysis of its benzoyl 
derivative, produced by the isomerisation of N-o-tolylbenzimino-m- 
tolyl ether and of N-m-tolylbenzimino-o-tolyl ether (which could not 
be obtained in the crystalline condition), condensed readily with 
arsenidus chloride to give an apparently homogeneous product, 
10-chloro-1(or 3) : 6-dimethyl-5 : ee (XIIT). 


oo 
(XIII.) 
C 2x One Cl -Me 
As 
\ 
Me NH 


0-T'olyl-p-tolylamine, prepared similarly from N-p-tolylbenzimino-o- 
folyl ether, also condensed readily with arsenious chloride to give 
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10.chloro-2 : 6-dimethyl-5 : 10-dihydrophenarsazine (XIV). From 
this it appears that the factors underlying the condensation of 


Cl 
As 
e e 
Onn 
H 


substituted 7 milena with arsenious chloride are somewhat 
different from those previously postulated and it is proposed to 
review this problem in a future communication. 

Recently Rasuwajew (Ber., 1929, 62, 1218) described the con- 
densation product of di-m-tolylamine and arsenious chloride as a 
yellow crystalline substance, m. p. 250—252°. This product could 
be one of three substances, viz., 1: 9-, 1: 7-, or 3 : 7-dimethyl-10. 
chloro-5 : 10-dihydrophenarsazine, (XVII), (VII) or (VI), respec. 
tively. Rasuwajew mentions the possibility of the formation of 
only two of the isomerides, viz., the 1 : 9- (described as the 4 : 5-) 
and the 3: 7- (described as the 2: 7-) compounds. We have found 
that the reduction of 3 : 3’-diphenylamine-6’-arsinic acid (IV) gave 
a chloro-compound, decomposing at 225—226°, which is different 
from that obtained by Rasuwajew. It seems reasonable to assume 
that when a diphenylamine condenses with arsenious chloride a 


Me Cl Me 
(XVII.) 


NH— a al Me = Me 


< NH rOee 
Wit ) 


OBO 


(XVI.) 


ORO 


(IV.) 


dichloroarsine is the intermediate stage {compare J., 1926, 454). 

This intermediate stage in the condensation of di-m- tolylamine and 
arsenious chloride must be either (XV) or (XVI). Now the inter- 
mediate stage cannot be (XVI), because then the final product would 
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be either (VII) or (VI) and identical with the product which we have 
obtained by the reduction of (IV). Rasuwajew’s product, being 
different; must be derived from the intermediate stage (XV) and 
therefore at least one of the methyl groups in his condensation pro- 
duct must be in the ortho-position to the -AsCl group, provided that 
one can assume, which seems reasonable, that the direction of ring 
closure of (IV) by hydrochloric acid is the same as the direction of 
ring closure of (XVI). 


EXPERIMENTAL. 


N-o-Tolylbenziminochloride (Just, Ber., 1886, 19, 982) has b. p. 
164°/6 mm. and 189°/18 mm. (yield, 76%). N-p-Tolylbenzimino- 
chloride (ibid., p. 980) has b. p. 186°/10 mm. (yield, 72%). 

N-2 : 4-Dimethylphenylbenziminochloride, CPhCl-N-C,H,Me,, was 
obtained in 70% yield by heating on the water-bath a mixture of 
4-benzamido-m-xylene (22°8 g.) and phosphorus pentachloride 
(21-1 g.) until a homogeneous liquid resulted and then distilling this 
under reduced pressure. The product distilled at 175°/6 mm. and 
solidified to a pale yellow substance, m. p. 42° (Found: Cl, 15-1. 
C,;H,,NCl requires Cl, 14-6%). 

N-p-Tolylbenzimino-o-tolyl ether was prepared from N-p-tolyl- 
benziminochloride (45:9 g.) in ether (100 o.c.), o-cresol (21-6 g.), 
sodium (4-6 g.), and alcohol (80 c.c.) as previously described (this 
vol., p. 1475) for N-m-tolylbenziminophenyl ether. It was re- 
crystallised from alcohol and obtained in colourless prisms, m. p. 
54° (Found: N, 4-8. C,,H,,ON requires N, 465%). The yield 
was moderately good. 

N-o-Tolylbenzimino-o-tolyl ether, prepared in a similar manner, 
crystallised, on standing under reduced pressure, after one week. 
When recrystallised from alcohol, it was obtained in colourless 
prismatic needles, m. p. 63—64° (yield, 68%) (Found: N, 4-5%). 

N-m-Tolylbenzimino-o-tolyl ether crystallised after standing under 
reduced pressure for 6 days. When recrystallised from alcohol, it 
was obtained in colourless needles, m. p. 51—52° (Found : N, 4-6%). 

N-m-Tolylbenzimino-p-tolyl ether was obtained in 58% yield in 
colourless prismatic needles when crystallised from alcohol. It 
had m. p. 52—53° (Found : N, 4:6%). 

N-o-Tolylbenzimino-p-tolyl ether and N-p-tolylbenzimino-m-tolyl 
ether were not obtained in the crystalline condition. 

N-o-Tolylbenziminophenyl ether, prepared from N -o-tolylbenzimino- 
chloride (68-7 g.) in ether (150 c.c.), phenol (28-2 g.), sodium (6-9 g.), 
and alcohol (120 c.c.), was obtained in colourless prismatic needles, 
m. p. 54—56°, from methyl alcohol (yield, 68%) (Found: N, 4-8. 
C.9H,,ON requires N, 4-9%). 
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N-o-Tolylbenzimino-m-toly] ether could not be induced to crys. 
tallise; it isomerised completely, however, on being heated at 
280—300° for 2 hours. The product, which crystallised readily 
from a small quantity of alcohol in colourless prisms, m. p. 103—104°, 
was identical with the benzoyl-o-tolyl-m-tolylamine prepared by heat- 
ing N-m-tolylbenzimino-o-tolyl ether under similar conditions 
(Found : N, 4-7. C,,H, ON requires N, 4-65%). 

The isomerisation of all the above ethers to the benzoyl derivatives 
of the substituted diphenylamines was effected by heating at 280— 
300° for 2 hours. 

Benzoylphenyl-o-tolylamine crystallised in clusters of colourless 
prisms, m. p. 110—111°, from alcohol (Found: N, 5-0. C, 9H,,ON 
requires N, 4-9%). 

Benzoyldi-o-tolylamine, m. p. 114—115° (Found: N, 48. 
C.,H,,0N requires N, 465%), and benzoyl-m-tolyl-p-tolylamine, 
m. p. 118—119° (Found : N, 4-65%), both crystallised from alcohol 
in small colourless prisms. 

The product of the isomerisation of N-p-tolylbenzimino-o-toly| 
ether (31 g.) could not be obtained crystalline, but it was readily 
hydrolysed under the conditions previously described (this vol., 
p. 1475). The o-tolyl-p-tolylamine (12-3 g.) distilled at 183°/19 mm. 
as a pale yellow liquid, which did not crystallise when cooled in a 
freezing mixture (Found: N, 7:2. C,,H,,N requires N, 7-1%). 

Phenyl-o-tolylamine (b. p. 175—177°/22 mm.) and o-tolyl-m- 
tolylamine [b. p. 187°/22 mm. (Found: N, 7-6. C,,H,;N requires 
N, 7-1%)] were obtained in satisfactory yield by the hydrolysis of 
the corresponding benzoyl derivatives. Both compounds were 
obtained as pale yellow oils which remained unsolidified at — 15°, 
although they became very viscous at that temperature. ‘The 
benzoyl derivative of di-o-tolylamine was not hydrolysed by the 
usual method even when the boiling was continued for 12 hours. 

Condensation of Phenyl-o-tolylamine and Arsenious Chloride— 
A mixture of phenyl-o-tolylamine (26 g.), arsenious chloride (28-4 g.), 
and o-dichlorobenzene was boiled for 4 hours. Hydrogen chloride 
was freely evolved and the liquid became green. On cooling, 
10-chloro-4-methyl-5 : 10-dihydrophenarsazine was deposited. It 
was recrystallised from benzene and obtained in yellow needles, 
m. p. 191—192°, (yield, 63%) (Found: As, 26-0. Calc. for 
C,3H,,NClAs: As, 25°-7%. Compare Gibson and Johnson, J., 
1927, 2510). 

10-Chloro-2 : 6-dimethyl-5 : 10-dihydrophenarsazine (XIV) was 
similarly prepared from o-tolyl-p-tolylamine (5-1 g.), arsenious 
chloride (5-2 g.), and o-dichlorobenzene (10 c.c.), the crude product 
being washed with o-dichlorobenzene and with benzene and crystal- 
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lised from acetic acid. It was obtained in yellow needles, m. p. 
indefinite, about 226° (decomp.) (Found: As, 25-0. C,,H,,NClAs 
requires As, 24-5%). 

2: 5-Dimethylphenarsazinic acid was obtained by oxidising the 
preceding substance (4-2 g.) in boiling acetic acid solution (50 c.c.) 
with hydrogen peroxide (20-vol.; 17 c.c.) in the manner already 
described (this vol., p..780). It crystallised from slightly diluted 
acetic acid in small colourless needles, which remained unmelted at 
310°. It is insolubie in water and moderately easily soluble in acetic 
acid. It dissolves in concentrated sulphuric acid to a deep olive- 
green solution (Found: As, 24-8. C,,H,,0,NAs requires As, 
248%). The sodium salt is sparingly soluble in 20% sodium 
hydroxide solution, the barium salt forms colourless needles, and the 
silver and mercuric salts are white amorphous precipitates. When 
the acid was dissolved in a hot mixture of alcohol and concentrated 
hydrochloric acid, concentrated hydrochloric acid added until 
crystals began to separate, and the solution allowed to cool, the 
hydrochloride was deposited in colourless needles, which turned 
green at 208° and finally decomposed vigorously, turning black at 
266—268°. This hydrochloride differs in composition from many 
hydrochlorides of the ‘same class (Found: Cl, 15-05, 15:3. 
2C,,H,,0,NAs, 3HCI requires Cl, 14-9%). 

10-Chloro-l(or 3) : 6-dimethyl-5 : 10-dihydrophenarsazine (XIII) 
was obtained by condensing o0-tolyl-m-tolylamine (18-8 g.) and 
arsenious chloride (19-2 g.) in o-dichlorobenzene solution (36 c.c.) in 
the usual way. It crystallised from benzene in bright yellow 
needles, m. p. 216—218° (decomp.) after slight shrinking and darken- 
ing. The main product appeared to be homogeneous and only a 
small quantity of a lower-melting and more soluble fraction was 
obtained. The indefinite melting point (190—196°) of this fraction 
was raised on admixture with the main product (Found in pure 
substance : As, 24-7. C,,H,,NCIAs requires As, 245%). 

l(or 3): 6-Dimethylphenarsazinic Acid.—The preceding sub- 
stance was oxidised in acetic acid suspension by means of hydrogen 
peroxide; the acid obtained crystallised from slightly diluted acetic 
acid in small colourless needles, unmelted at 309° (Found: As, 
241. C,,H,,O,NAs requires As, 24:8%). The sodium salt 
(from 20% sodium hydroxide solution) and the ammonium salt 
(from 0-880 ammonia solution) both crystallised in thin colourless 
needles. 

2 : 4-Dimethyldiphenylamine-6'-arsinic Acid (I)—A mixture of 
4-amino-m-xylene (10-8 g.), o-bromophenylarsinic acid (25-0 g.), 
potassium carbonate (19-4 g.), amyl alcohol (78 c.c.), and a trace 
of copper powder was boiled for 5 hours. Volatile substances were 
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removed by steam distillation and the aqueous solution, after 
treatment with decolorising charcoal, was filtered, cooled, and 
acidified with dilute hydrochloric acid. For purification, the crude 
acid (52% yield) was dissolved in a small volume of ammonia 
solution (equal volumes of water and 0-880 ammonia solution) by 
gentle warming, care being taken to avoid loss of much ammonia by 
excessive heating. Ammonia solution (d 0-880) was then added in 
moderate excess, and the liquid cooled. The ammonium salt, which 
separated from the green solution in colourless flat plates, was 
filtered off, washed with a little concentrated ammonia solution, 
well drained, and dissolved in a little warm water, the solution was 
acidified with glacial acetic acid, and a further quantity of acetic 
acid was added until a homogeneous solution was obtained at the 
boiling point. The boiling liquid was treated with decolorising 
charcoal to remove impurities which would otherwise cause the 
acid to separate as a gum and was then allowed ‘to cool slowly. 
2 : 4-Dimethyldiphenylamine-6'-arsinic acid was deposited in slender 
colourless needles and after recrystallisation from dilute acetic acid 
had m. p. 135° (Found: As, 23-05. C,,H,,0,NAs requires As, 
23-4Y,). The acid is readily soluble in alcohol, acetone, and acetic 
acid, but insoluble in water. The sodium salt is precipitated slowly 
from its solution in 20% aqueous sodium hydroxide in colourless, 
short, flat prisms. The calcium salt, which forms colourless flat 
plates, is more soluble in cold than in hot water; the barium salt 
is similar in appearance to the calcium salt; and the salts of the 
heavy metals are amorphous precipitates. 

10-Chloro-2 : 4-dimethyl-5 : 10-dihydrophenarsazine (I1).—A boiling 
solution of the preceding acid (crude, 11-6 g.) in a mixture of alcohol 
(45 c.c.) and hydrochloric acid (30 c.c.) containing a trace of iodine 
was reduced with sulphur dioxide. The reduction product crystallised 
from benzene in yellow needles, m. p. 216—217° (Found : Cl, 11-8 
C,,4H,,;NClAs requires Cl, 11-6%). It is readily soluble in acetone} 
and hot benzene, but only sparingly soluble in alcohol and ligroin. 
The corresponding bromo-compound was obtained by reducing 4 
boiling solution of 2: 4-dimethylphenarsazinic acid (see below; 
0-75 g.) in'a mixture of alcohol (10 ¢.c.) and hydrobromic acid 
(36%; 10c.c.) ina similar manner. It crystallised from benzene in 
orange-coloured needles, decomposing at 198° after softening from 
195° (Found: Br, 23-2. C,,H,,NBrAs requires Br, 22-8%). 

2 : 4-Dimethylphenarsazinic acid (III) was obtained by oxidising 
10-chloro-2 : 4-dimethyl-5 : 10-dihydrophenarsazine with hydrogen 
peroxide in the manner described above. It crystallised from 
dilute acetic acid (75%) in colourless flat prisms, unmelted at 300° 
(Found: As, 24-4. C,,H,,0,NAs requires As, 24-8%). With 
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concentrated sulphuric acid, it gives a deep olive-green colour. It is 
insoluble in water and alcohol. The salts are very well defined. 
The sodium salt, from 20% sodium hydroxide solution, crystallises 
in soft colourless needles; the ammonium salt crystallises in colour- 
less prismatic needles even from somewhat dilute solutions; the 
barium salt also crystallises in colourless needles; the calcium salt 
crystallises in clusters of colourless needles ; and the magnesium salt, 
formed only on boiling, forms clusters of colourless prisms. The 
silver salt is slightly soluble in hot water and crystallises on cooling 
in colourless nodules. The hydrochloride of the phenarsazinic acid 
was obtained either by allowing a solution of the acid in a hot mixture 
of alcohol and hydrochloric acid to cool, or by boiling 2 : 4-dimethyl- 
diphenylamine-6’-arsinic acid with concentrated hydrochloric acid 
for 2 minutes, adding alcohol until a homogeneous solution was 
obtained, and allowing this to cool. Its melting point, or rather, its 
decomposition point, varies greatly with the rate of heating, the 
average value being about 200° (Found : Cl, 10-4. C,,H,,0,NAs,HCl 
requires Cl, 10-4%). 

4 : 3'-Dimethyldiphenylamine-6'-arsinic Acid (V).—A mixture of 
3-bromo-p-tolylarsinic acid (23-6 g.), p-toluidine (8-62 g.), potassium 
carbonate (17-6: g.), amyl alcohol (70 ¢.c.), and a trace of copper 
powder was boiled for.5 hours. The crude acid (75% yield), isolated 
as described for the above isomeric acid, was purified through the 
ammonium salt in the manner already described. It crystallised 
from 20° acetic acid in colourless thin needles, m. p. 153—-154° 
(slight decomp.) (Found: As, 23-7. C,,H,,0,NAs requires As, 
23-4%). The sodium salt, long prismatic needles from 20% sodium 
hydroxide solution, and the barium salt, rhombic plates slightly 
soluble in hot water, are the most characteristic salts. When the 
acid was boiled with concentrated hydrochloric acid, the hydro- 


‘0. chloride of the cyclic acid (below) was obtained. 


10-Chloro-2 : 7-dimethyl-5 : 10-dihydrophenarsazine (VIII) was pre- 
pared by reducing the preceding acid in the usual manner. It 
crystallised from acetic acid in clusters of yellow needles containing 
one molecule of acetic acid of crystallisation, not removed on heating 
at 120°. It turned green at 190—195° and decomposed vigorously 
at 195—198° (Found: Cl, 9-8. C,,H,,NClAs,C,H,O, requires 
Cl, 9-7%). 

10-Bromo-2 : 7-dimethyl-5 : 10-dihydrophenarsazine, prepared in an 
analogous manner, crystallised from benzene in orange needles, 
m. p. 179—180° (Found: Br, 23-0. C,,H,,NBrAs requires Br, 
22-8%). 

2: 1-Dimethylphenarsazinic acid, prepared by the oxidation of 
10-chloro-2 : 7-dimethyl-5 : 10-dihydrophenarsazine (2-5 g.) in acetic 
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acid solution (50 ¢c.c.) with hydrogen peroxide (20-vol.; 10 c.c.) in 
the usual manner, was purified by conversion into its sodium salt, 
which was insoluble in 20% sodium hydroxide solution. The acid 
regenerated from the crystalline sodium salt could not be recrystal. 
lised from the usual media. Its m. p. was above 295° (Found: 
As, 24-6. C,,H,,0,NAs requires As, 24-8%). The salts are charac. 
teristic. The ammonium salt crystallises even from dilute solutions in 
soft colourless needles; the calcium, barium and magnesium salts 
crystallise in glistening colourless needles. The acid gives with 
concentrated sulphuric acid a blue colour, turning red on addition of 
concentrated nitric acid. The hydrochloride forms clusters of 
colourless needles, decomp. 219—221° (Found: Cl, 106. 
C,,H,,0,NAs,HCl requires Cl, 10-4%). 

3 : 3'-Dimethyldiphenylamine-6'-arsinic acid (IV) was prepared 
from 3-bromo-p-tolylarsinic acid and m-toluidine as described above 
for the isomeric 4 : 3’-dimethyldiphenylamine-6’-arsinic acid. The 
purification of the crude acid (73% yield) was effected through the 
ammonium salt in a similar manner. The acid tended to separate 
from its solution in dilute acetic acid first as an oil and then as a 
solid. After decantation from the oil, the hot clear liquid deposited 
the arsinic acid in a crystalline form on cooling. The oily matter later 
solidified and by further purification through the ammonium salt a 
further quantity of the crystalline arsinic acid was obtained. Re. 
crystallised from dilute acetic acid, 3 : 3’-dimethyldiphenylamine-t- 
arsinic acid was obtained in clusters of feathery needles, m. p. 
145—146° after slight softening (Found: As, 23-1. C,,H,,0,NAs 
requires As, 23-4%). The ammonium salt, soft colourless needles, 
the barium salt, colourless, rhomb-shaped, flat plates, and the 
sodium salt, deposited slowly in colourless needles from its solution 
in 20% aqueous sodium hydroxide, are the most characteristic 
salts. 

10-Chloro-l(or 3) : 7-dimethyl-5 : 10-dihydrophenarsazine (VI or 
VII) was prepared by reducing the preceding acid in the usual 
manner. When crystallised from acetic acid, it appeared homo- 
geneous and was obtained in yellow needles, turning green at 218° 
and decomposing at 225—226°. It was sparingly soluble in acetone 
and in benzene (Found: Cl, 11-5. C,,H,,;NCIAs requires Cl, 
11-6%). The bromo-compound, prepared in an anaiogous manner, 
crystallised from benzene in orange-coloured needles, m. p. 255— 
256° (decomp.) (Found: Br, 21-4. C,,H,,NBrAs requires Br, 
21-0%). 

l(or 3) : 7-Dimethylphenarsazinic acid was prepared by oxidation 
of the preceding chloro-compound in the usual manner. It was 
purified through its sodium salt as described for 2:7-dimethyl- 
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phenarsazinic acid. It could not be recrystallised and remained 
unmelted at 295° (Found: As, 24:8. C,,H,,0,NAs requires As, 
24.8%). The hydrochloride, prepared either from the cyclic acid 
or by boiling 3: 3’-dimethyldiphenylamine-6’-arsinic acid with 
concentrated hydrochloric acid, had no melting point, but darkened 
and shrank at 217—219° (Found: Cl, 10-6. C,,H,,0,NAs,HCl 
requires Cl, 10-4%). 

The condensation of 3-bromo-p-tolylarsinic acid and o-toluidine 
gave a product which could not be purified and the reduction product 
was also unsatisfactory. 

10-Chloro-2 : 4 : 7-trimethyl-5 : 10-dihydrophenarsazine (X).—A 
mixture of 3-bromo-p-tolylarsinic acid (23-6 g.), 4-amino-m-xylene 
(8-0 g.), potassium carbonate (17-6 g.), amyl alcohol (70 c.c.), and a 
trace of copper powder was boiled for 5 hours. The acid, isolated 
in the usual manner, could not be purified directly and most of it 
was reduced in the usual way. During the reduction, there was a 
marked tendency for the hydrochloride of the cyclic acid to separate 
and the quantities of alcohol and of hydrochloric acid had therefore 
to be somewhat larger than usual. The product crystallised from a 
little benzene in yellow needles, m. p. 220—222° (decomp.) (Found : 
Cl, 11-15. C,;H,;NClAs requires Cl, 11-1%). It is soluble in 
acetone, remarkably soluble in hot benzene, and appreciably soluble 
in the cold solvent. 

2:4:7-Trimethylphenarsazinic acid hydrochloride was prepared 
by boiling the crude condensation product of 4-amino-m-xylene and 
3-bromo-p-tolylarsinic acid with concentrated hydrochloric acid 
for a few minutes, adding alcohol until a homogeneous solution was 
obtained, and allowing this to cool. The crystalline material which 
separated was recrystallised from alcohol—concentrated hydro- 
chloric acid and obtained in colourless needles, decomp. 235— 
236° (turning green) (Found : Cl, 10-5. C,;H,,0,NAs,HCl requires 

HCl, 10-0%). 

10-Chloro-1 : 4 : 7-trimethyl-5 : 10-dihydrophenarsazine (IX), pre- 
pared in the usual manner by reducing the crude condensation pro- 
duct from 3-bromo-p-tolylarsinic acid and 2-amino-p-xylene, was 
recrystallised from benzene, in which it was remarkably soluble, 
and obtained in yellow needles, m. p. 200—202° after slight soften- 
ing (Found: As, 23-5. C,;H,,NClAs requires As, 23-5%). 

Guy’s Hosprrat Mepicat Scnoot (University or Lonpon), 

Lonpon, S8.E. 1. [Received, October 17th, 1929.] 
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CCCLXVII.—Nor-d--ephedrine, a Convenient Base for 
the Resolution of externally compensated Acids, 
Resolution of di-Benzenesulphonylalanine and of 
dl-N-Phenylalanineamide-4-arsinic Acid. 

By Caartzes Stantey Gipson and Barnett Levin. 


In addition to l-ephedrine and d-J-ephedrine 
(OH-CHPh-CHMe-NHMe), 

Smith has shown that Ma Huang, the Chinese drug from an Ephedra 
species, contains l-methylephedrine (OH-CHPh-CHMe-NMe,) (J., 
1927, 2056) and nor-d-y-ephedrine (OH-CHPh-CHMe-NH,) (J, 
1928, 51). In the form of its sulphate, nor-d-/-ephedrine is obtained 
from the residues remaining after the extraction of the l-ephedrine 
and is easily obtained pure. It was suggested to one of us by Dr. 
F. L. Pyman that this fairly strong base of low molecular weight 
might prove useful for the resolution of externally compensated 
acids, and two examples of its application for this purpose are now 
given. 

dl-Benzenesulphonylalanine (Hedin, Ber., 1890, 23, 3197), which 
could not be resolved by Gibson and Simonsen (J, Roy. Asiatic Soc. 
Bengal, 1917, 13, 191) by previously described methods (Pope and 
Gibson, J., 1912, 401, 939; Gibson and Simonsen, J., 1915, 107, 
798; Colles and Gibson, J., 1924, 125, 2505; 1928, 99) for resolv- 
ing externally compensated acyl derivatives of amino-acids, was 
readily resolved by means of nor-d-y-ephedrine. It has [M};, = 
-+ 76-3° as sodium salt in water as compared with [M}*;, = + 800° 
for the corresponding benzoylalanine under approximately the same 
conditions. The externally compensated and the optically active 
methyl esters and amides have also been prepared, the latter 
compounds from the former by the action of an aqueous solution of 
ammonia. Few amides of this series‘ of acids have been described 
and they have been obtained by the action of acyl chlorides on the 
amide (compare Koenigs and Mylo, Ber., 1908, 41, 4432). It is also 
shown that l-benzenesulphonylalanine is a derivative of d-alanine. 

dl-N-Phenylalanineamide-4-arsinic acid has been previously 
resolved by means of quinine (Gibson, Johnson, and Levin, this vol., 
p. 479). Its resolution by means of nor-d-/-ephedrine, whilst 
perhaps not quite so simple, indicates the possibility of this base 
being used for the resolution of analogous types of externally com- 
pensated acids. 

The use of nor-d-J-ephedrine in stereochemical investigations is 


being continued. 
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ExPERIMENTAL. 


Purification of Nor-d--ephedrine Sulphate—The crude sulphate 
as supplied had [a«]?;, = + 38-9°* in aqueous solution. It was 
crystallised three times from water, after which its rotatory power 
was constant: ¢ = 1-0608, « = + 2-07°, [a] = + 48-7°. 

The free base was obtained by the addition of a slight excess of 
potassium hydroxide solution to an aqueous solution of the pure 
sulphate. A portion of the base which crystallised from the cooled 
solution was removed, and the filtrate extracted thoroughly with 
ether. The ethereal solution was washed, dried with potassium 
carbonate, and evaporated, and the residue was recrystallised from 
benzene. The base crystallised in colourless plates, m. p. 77°. 
In methyl alcohol, c = 0-6566, « = + 0-98°, [«] = + 37-5°. In 
water, c = 1-1992, « = + 1-19°, [a] = + 24-7°.F 

Resolution of dl-Benzenesulphonylalanine—The  dl-benzene- 
sulphonylalanine was prepared in the usual manner from dl/-alanine, 
benzenesulphony] chloride, and sodium hydroxide. It was recrys- 
tallised from water and obtained in colourless needles, m. p. 124— 
125°. Its properties agreed with those described by Hedin (loc. 
cit.). 

To a warm solution of dl-benzenesulphonylalanine (4:58 g.) in 


sodium hydroxide (5-59 c.c., 1-79N), nor-d-y-ephedrine (1-51 g.) 
in water (10 c.c.) was added. The sali began to crystallise almost 
immediately and, after 24 hours, it was filtered off (3:2 g.) and - 
recrystallised from hot water (10 c.c.). It was obtained in colourless 
prisms or fine needles and, after two crystallisations, its rotatory 


* All rotatory powers in this work were carried cut at 20°, 4 dm. tubes 
and the mercury green line (A 5461) being used. 

+ These values for the rotatory powers of nor-d-)-ephedrine sulphate and 
for nor-d-s-ephedrine itself differ appreciably from those previously given 
(Smith, J., 1928, 51). We accordingly consulted with Dr. Sydney Smith, 
who confirmed our value for the sulphate and writes as follows : 

“Tt has been found necessary to redetermine the rotatory powers of nor- 
d-/-ephedrine and its derivatives, as the previous measurements were made 
with the mercury yellow line (A 5790) and not with the mercury green line 
(A 5461) as recorded. The values at 20° for the line A 5461 are as follows : 


Nor-d-%-ephedrine sulphate, [a] = + 48-7° (c = 1-4 in water). 
Nor-d--ephedrine, [a] = + 37-9° (c = 3-0 in methyl alcohol). 
d-/-Methylephedrine methiodide, [a] = + 42-3° (c = 2-3 in water). 
Nor-d--ephedrine hydrogen tartrate, [a] = + 49-5° (c = 2-3 in water). 
Dibenzoylnor-d--ephedrine, [a] = + 32-8° (c = 2-2 in methyl alcohol). 
N-Benzoylnor-d--ephedrine, [a] = + 67-2° (c = 1-2 in methyl alcohol). 
0-Benzoylnor-d--ephedrine hydrochloride, [a] = — 37-6° (c = 1-0 in water), 

“In the original paper (loc. cit.), ‘5461’ should be corrected to ‘ 5790” 
throughout.—S. Smarr.” 
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power was constant: In water, c = 0-3744, « = + 0-70°, [«]= 
+ 46-6°. The salt had m. p. 147—148° (Found: N, 75. 
C,,H,,0;N,S requires N, 7-4%). 

d-Benzenesulphonylalanine was obtained from an aqueous solution 
of the above nor-d-4-ephedrine salt by addition of an aqueous solution 
of ammonia, The mixture was thoroughly extracted with chloroform 
to remove the base and the aqueous solution was then acidified with 
concentrated hydrochloric acid. The acid separated as an oil which 
rapidly solidified. It was recrystallised from water and obtained in 
colourless prisms, m. p. 126—127°, which were found to be optically 
pure (Found: N, 6-6. C,H,,0,NS requires N, 6-1%). In aqueous 
solution as the sodium salt: c = 0-3994, « = + 0-53°, [«] = + 
33°4°. 

1-Benzenesulphonylalanine.—After the above dAdB salt had been 
separated, the mother-liquor was treated with an excess of aqueous 
ammonia and extracted thoroughly with chloroform to remove the 
alkaloid. The aqueous solution was evaporated on the water-bath 
and then acidified with concentrated hydrochloric acid. The 
benzenesulphonylalanine so obtained had [«] = — 9-8° as sodium 
salt in aqueous solution, and this rotatory power was unaffected on 
further recrystallisation from water. This acid (3-0 g.) was dissolved 
in sodium hydroxide solution (4-71 c.c., 1-79N—sufficient to neutralise 
the l-acid present) and nor-d.-ephedrine (0-706 g.—sufficient to 
neutralise the d-acid present) and water (10 c.c.) were added. Com- 
plete solution was effected on warming. The crystalline salt which 
had separated after 24 hours was filtered off; on further standing, 
more crystalline salt separated. The mother-liquor from this salt 
was worked up in the usual way; the acid obtained (1-1 g.) was 
optically pure after one crystallisation from water. It had m. p. 
126—127° and was superficially indistinguishable from its optical 
isomeride (Found : N, 6-3. C,H,,0,NS requires N, 6-1%). As the 
sodium salt in water it had the following rotatory power : c = 0-3326, 
a = — 0-44, [a] = — 33-1°. 

The same compound was prepared from d-alanine. The amino- 
acid (1-0 g.), dissolved in an equivalent quantity of sodium hydroxide 
solution (6-3 c.c., 1-79N), was treated with a further quantity of the 
alkali (18-8 c.c.) and the requisite amount of benzenesulphonyl 
chloride, added in small quantities, the mixture being vigorously 
shaken and warmed towards the end of the reaction. The solution 
was evaporated to about half its original volume and the acid was 
precipitated on acidification with hydrochloric acid. The product 
(1-6 g.; yield, 65%) was recrystallised from water and proved to 
be pure l-benzenesulphonylalanine identical in all respects with that 
described above. As sodium salt in water (¢ = 0-4120), it had 
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x = — 055°, whence [«] = — 33-6°.. In ethyl alcohol; c = 0-4031, 
a = — 0-17°, [fa] = — 10-5°. 

di-Benzenesulphonylalanine Methyl Ester—dl-Benzenesulphony}- 
alanine (7-5 g.) in pure methyl alcohol (42 ¢.c.) containing con- 
centrated sulphuric acid (1-5 c.c:) was boiled for 2 hours, and the 
mixture poured into water. The precipitated oil solidified after 
2 days. The ester (6g.; yield, 80%) crystallised from aqueous 
methyl alcohol in colourless rhombs, m. p. 52° (Found: N, 6-1. 
CipH,30,NS requires N, 5-8%). 

dl-Benzenesulphonylalanineamide.—The methyl ester (3 g:) was 
added to ammonia solution (15 ¢.c., d 0-880) cooled in ice and the 
well-stirred mixture was kept for 24 hours. The crystalline amide 
was filtered off and recrystallised from methyl] alcohol, forming long 
colourless needles, m. p. 179—180° (yield, 92%) (Found: N, 12:4. 
CyH,,03N,8 requires N, 12-3%). : 

Methyl Esters of d- and |-Benzenesulphonylalanine.—These com- 
pounds were prepared from the corresponding optically active 
amino-acids in the same way as the externally compensated com- 
pound. They were both recrystallised from aqueous methyl 
alcohol and obtained in colourless needles,:m. p. 65—67° (Found : 
dester, N, 5-7; Lester, N, 6-0. C,,H,,0,NS requires N, 58%). 
The rotatory powers were determined in ethyl alcohol solution: 
d-Ester = c = 0-4023, a = + 0-685°,; [c] = + 42-6°. -LEster: c= 
0-2815, « = + 0-48°, [a] = — 42:3°. 

d- and |-Benzenesulphonylalanineamides were prepared from the 
corresponding optically active methyl esters in the same way as 


m. p. 21]—212° (Found: d-amide, N, 124; lamide, N, 12+4. 
C,H,,0,N,8 requires N, 12-3%). They are sparingly soluble in 
cold acetone and in water but readily soluble in the hot solvents. 
n ethyl aleohol, the d-amide (¢ = 0-3626) had « = + 0-60°, whence 
[x] = + 41-3°, and the lamide (¢ = 0-3580)' had «= — 0-60°, 
whence [a] = — 41-9°. In water, the /-amide (c = 0-2206) had « = 

0-66°, whence [«] = — 75-0°. 

Resolution of dl-N-Phenylalanineamide-4-arsinic Acid (compare 
ibson, Johnson, and Levin, loc. cit.).—The amide-acid (43-2 g.) 
was dissolved in sodium hydroxide solution (83°8 c.c., 1-79N) 
pnd water (167 c.c.). To the boiling solution, nor-d-4-ephedrine 
pulphate (15 g.) was added, a clear solution being obtained from which 
he /AdB salt crystallised in colourless soft needles after standing 
or 4 hours in the ice chest. The salt (24 g.) was recrystallised from 
Water (225 c.c.) and obtained in colourless well-formed prisms, m. p. 

5A 
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217—223° (decomp.). The rotatory power was not increased by 
further recrystallisation (Found : N, 9-45; As, 17-4. C,,H,,0;N,As 
requires N, 9:55; As, 17-1%). In aqueous solution, c = 1-0790, 
a = + 0-39°, [a] = + 8-97°. 

l-N-Phenylalanineamide-4-arsinic acid was liberated from the 
above /AdB salt in the usual manner, 2-4 g. being obtained from 
4 g. of salt. It was optically pure after one crystallisation; as 
sodium salt in water, [«] = --18-6° (c = 0-7804). It had m. p. 247° 
(decomp.). 

From the mother-liquor from the above JAdB salt the optically 
impure d-N-phenylalanineamide-4-arsinic acid was obtained in 
the manner described above. After one crystallisation from 
water, it had, as sodium salt in water, [«] = + 9-82°, and further 
recrystallisation from water seemed to have little or no effect on 
the rotatory power. 

The above optically impure d-N-phenylalanineamide-4-arsinic 
acid (6 g.) was dissolved in sodium hydroxide solution (8-71 c.c., 
1-79), and nor-d-4-ephedrine (0-793 g.—to neutralise the calculated 
amount of J-acid present) added. .On warming, a homogeneous 
solution was obtained, which was kept for 20 hours at the ordinary 
temperature. The crystalline precipitate (pure /AdB salt) was 
filtered off, and the mother-liquor worked up in the usual manner. 
The crude acid, as sodium salt, had [«}] = + 13-4°. After four 
crystallisations from water this acid, as sodium salt in aqueous 
solution (¢ = 03271), had [«] = +17-12°, approximating to the 
specific rotatory power of the sodium salt of pure d-N-phenylalanine- 
amide-4-arsinic acid. 


We desire to thank Messrs. Boots Pure Drug Co., Ltd., for the 
crude nor-d-j-ephedrine sulphate used in this work. The other 
expenses have been met from a grant from the Government Grant 
Committee of the Royal Society, which is gratefully acknowledged. 
One of us (B. L.) is indebted to the Department of Scientific and 
Industrial Research for a grant which is enabling him to take part 
in this investigation. 


Guy’s Hospirrat Mepicat Scnoont (University or Lonpon), 
Lonpon, 8.E. 1. [ Received, October 17th, 1929.] 
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CCCLXVIII.—Compounds of the Tryparsamide Type. 
Part II. Resolution of dl-N-2-Methylphenylal- 
anineamide-4-arsinic Acid. 


By CuaRLEs STANLEY Gipson and Barnett LEVIN. 


ANOTHER example of a compound of the tryparsamide type which is 
capable of being resolved into its optically active components is 
dl-N-2-methylphenylalanineamide-4-arsinic acid [dl-N-o-tolylalanine- 
amide-5-arsinic acid] (III). This compound has been made by con- 
densing «-bromopropionamide with 6-amino-m-tolylarsinic acid (I) 
and also by the action of ammonia on the methyl ester of dl-N-2- 
methylphenylalanine-4-arsinic acid (II), which itself was made by 
condensing «-bromopropionic acid with compound (I). 
AsO(OH), NH-CHMe:-CO,H NH-CHMe:-CO-NH, 
e e 
e 


NH, AsO(OH), s0(OH), 
(I.) (II.) (III.) 
The externally compensated acid (II) was not resolved directly ; 
it has, however, been obtained optically active (see below). The 


dl-amide-acid (III) was easily resolved by nor-d-y-ephedrine (compare 
Gibson and Levin, preceding paper), the /AdB salt separating in an 
almost pure condition from an aqueous solution containing the 
amide-acid (2 equivs.), the d-base (1 equiv.), and sodium hydroxide 
(1 equiv.). The above salt gave the pure J-amide-acid, and the 
pure d-amide-acid was obtained from the mother-liquor after further 
treatment with nor-d-%-ephedrine to remove a further quantity of 
the JAdB salt. The optically active amide-acids (III) on hydrolysis 
with an excess of sodium hydroxide yielded the sodium salt of the 
corresponding dibasic acid (II) having the opposite optical rotatory 
sign, and there is strong evidence that the hydrolysis of the amide- 
acid is accompanied by racemisation, as was found in the conversion 
of 1.N-phenylalanineamide-4-arsinic acid into d-N-phenylalanine- 
4-arsinic acid (Gibson, Johnson, and Levin, this vol., p. 482). 

The compounds of the tryparsamide type described in the present 
paper and in Part I (Gibson, Johnson, and Levin, loc. cit., p. 479) 
have been examined for therapeutical activity by Professor Warring- 
ton Yorke of the University of Liverpool on behalf of the Chemo- 
therapy Committee, under whose auspices this work is being carried 
out, and we are greatly indebted to him for his help. From his 
results it appears that there is little difference in therapeutic activity 
towards 7'rypanosoma equiperdum and 7’. rhodesiense between the 
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externally compensated and the optically active forms. In general, 
it may be stated that none of these compounds of the tryparsamide 
type has anything like the therapeutical activity of tryparsamide 
itself and therefore it is not necessary to quote the quantitative data 
but only to give Professor Warrington Yorke’s general conclusion in 
each case : 


dl-N-Phenylalanine-4-arsinic acid i transient, 


d-N-Phenylalanine-4-arsinic acid 
l-N- Phenylalanine-4-arsinic acid 
di-N- Phenylalanineamide-4-arsinic acid Defini transient, 


d-N- Phenylalanineamide- 4-arsinic acid Definite, but _ transient, 
action. 

1-N-Pheny ylalanineamide-4-arsinic acid Slight, but transient action. 

dl-N-2- Methylphenylalanine. 4-arsinic acid No action. 

dl-N-2-Methy!Iphenylalanineamide-4-arsinic acid No action. 

l-N-2-Methy. ylalanineamide-4-arsinie acid Slight action. 


The carboxylic esters of the dibasic acids which were examined 
were reported upon as having no therapeutic action. 


EXPERIMENTAL. 


dl-N-2-Methylphenylalanine-4-arsinic Acid (II).—A solution of 
the sodium salt of 6-amino-m-tolylarsinic acid (38-5 g.) in water 
(175 ¢.c.) was mixed with a solution of «-bromopropionic acid 
(35 g.) im water (40 c.c.), and the mixture boiled for 8 hours. The 
resulting solution was kept for 2 days, and the precipitate recrys- 
tallised from boiling water (charcoal) (yield, 12-5 g. or 27%). The 
acid crystallised in colourless needles, m. p. 170° (decomp.) (Found : 
N, 4-6; As, 246. C,9H,,0;NAs requires N, 4-6; As, 24:75%). On 
titration with 0-1N-sodium hydroxide solution and phenolphthalein 
it appeared to be rather less than dibasic. 

dl-N-2-Methylphenylalanine-4-arsinic Acid Ethyl Ester —The above 
acid (6 g.) was dissolved in absolute ethyl alcohol (40 c.c.) and con- 
centrated sulphuric acid (1 c.c.) and boiled for 4 hours. ‘A portion 
of the alcohol having been removed by distillation, the remainder of 
the solution was poured into water (150 ¢.c.); the ester was at once 
precipitated (5-5 g.; yield, 85%). On crystallisation from 60% 
alcohol, it was obtained in colourless needles; m. p. 214—216° 
(decomp.). It is sparingly soluble in cold but readily soluble in hot 
alcoho] (Found : N, 4:3; As, 22-8. Cy ,H,,0;NAs requires N, 4-2; 
As, 22:7%). This ethyl ester does not show a sharp end-point whet 
titrated with 0-1N-sodium hydroxide and phenolphthalein. 

The corresponding methyl ester was prepared in an analogous 
manner, pure methyl alcohol being used. It crystallised from 60% 
alcohol in colourless needles, m. p. 215° (decomp.) (yield, 85%) 
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(Found: N, 48; As, 23-5. C,,H,,O;NAs requires N, 4-4; As, 
237%). 

dl-N-2-Methylphenylalanineamide-4-arsinic Acid (III).—This was 
prepared in two ways. (a) The above methyl ester (4 g.) was added 
in small quantities to concentrated ammonia solution (d 0-880) 
cooled in ice; it dissolved fairly readily. After the solution had 
been kept for 48 hours at the ordinary temperature, the excess of 
ammonia was removed under reduced pressure over sulphuric acid. 
The solid residue was dissolved in water and acidified with acetic 
acid. The precipitated amide was recrystallised from the minimum 
quantity of hot water and was obtained in colourless needles, 
m. p. 211° (decomp.) after previous softening (yield, 58%) (Found : 
N, 9:0; As, 25:0. C,>H,,0,N,As requires N, 9:3; As, 248%). 

(6) A solution containing «-bromopropionamide (20 g.) and the 
sodium salt of 6-amino-m-tolylarsinic acid (25 g.) in water (90 ¢.c.) 
was boiled for 1 hour. The crystalline precipitate was washed with 
10% hydrochloric acid to remove unchanged aminotolylarsinic acid 
and then recrystallised from boiling water (charcoal). It was 
obtained in colourless needles, the highest melting point of which 
was 219—220° (decomp.); yield, 21 g. (70%) (compare Jacobs and 
Heidelberger, J. Amer. Chem. Soc., 1919, 41, 1589). The compound 
is sparingly soluble in cold water and soluble in hot water and in 
50% alcohol (Found: N, 88; As, 246%). The crystalline 
ammonium salt may be obtained by adding 95% alcohol to a solu- 
tion of the amide-acid in concentrated ammonia solution. 

Quinine and strychnine did not yield crystalline salts with dl-2- 
methylphenylalanine-4-arsinic acid. The brucine salt was crystalline 
but the less soluble portion proved to be a partial racemate,; since 
the acid obtained from it in the usual way was optically inactive. 
Nor-d-y-ephedrine was also tried as a resolving base, but the less 
soluble fraction of the salt gave an acid which was but feebly 
optically active (levorotatory). 

Resolution of dl-N-2-Methylphenylalanineamide-4-arsinic Acid.— 
l-a-Phenylethylamine was first tried as the resolving base, but no 
crystalline’ salt was obtained: . Preliminary experiments having 
indicated that it was preferable to use nor-d-%-ephedrine rather 
than the sulphate, the partly resolved amide-acid was recovered and 
mixed with a.further amount of inactive amide-acid, and the mixture 
(7-67 g.), having [a] = + 3-8°, used for the resolution now described. 
This amide-acid was dissolved in sodium hydroxide solution (1-79N, 
7-84 c.c_—sufficient to neutralise the d-amide-acid present), and 
nor-d-4-ephedrine (1-72 g.—sufficient to combine with the J-amide- 
acid present) in water (10 c.c.) added. On warming, a clear solution 
was obtained, which was kept at the ordinary temperature for 12 
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hours. The crystalline sali was filtered off and after one crystal. 
lisation from boiling water it was optically pure. It crystallised in 
colourless needles (4-9 g.), m. p. 205—208° (decomp.). This /AdB 
salt had [«] = —2-46° * in aqueous solution (c = 1-180, « = —0-11°) 
(Found: N, 9-3; As, 16-7. C,,H,,0;N,As requires N, 9-3; As, 
16-6%). 
1-N-2-Methylphenylalanineamide-4-arsinic Acid.—The  nor-d-y. 
ephedrine salt (3-5 g.) was ground with an excess of concentrated 
aqueous ammonia, and the solution extracted thoroughly with 
chloroform to remove the organic base. The aqueous solution 
after evaporation was acidified with concentrated hydrochloric acid, 
and the precipitated amide-acid recrystallised from boiling water. 
It was obtained in long colourless needles (2-75 g.), m. p. 267—268’ 
(decomp.) after darkening from 260°. Obtained in the manner 
described, it was optically pure and, as sodium salt (made up with 
the calculated quantity of sodium bicarbonate), it had [a] = —34-9 
(c = 0-661 in water; «= —0-92°) (Found: N, 9-3; As, 25:3. 
C,9H,;0,N,As requires N, 9-3; As, 24-8%). 
d-N-2-Methylphenylalanineamide.4-arsinic Acid.—The impure 
d-amide-acid, isolated from the mother-liquor from the above 
LAGB salt in the usual manner, had [«] = + 23-4° as sodium salt and 
therefore contained approximately 85%, of the d-amide-acid. This 
rotatory power was but little affected by recrystallisation of the 
amide-acid from water. The amide-acid (2-75 g.) was dissolved 
in sodium hydroxide solution (1-79N, 4-21 c.c.), and nor-d-+- 
ephedrine (0-24 g.) added. On warming, a homogeneous solution 
was obtained and this rapidly deposited the /AdB salt, which was 
filtered off after 24 hours. The amide-acid was obtained from the 
mother-liquor in the usual way and it had, after one recrystallisation, 
as sodium salt, [«] = +30-8°. After two further recrystallisations 
from water, it was optically pure. Made up in the usual way as 
sodium salt, it had [a] = +33-4° (c = 0-181l in water; « = +0-24’). 
This optically active amide-acid, like its enantiomorph, crystallises 
from water in colourless needles, m. p. 267°. Their solubility is 
markedly lower than that of the dl-amide-acid (Found: As, 24-9%). 
Hydrolysis of 1-N-2-Methylphenylalanineamide-4-arsinic Acid— 
50 C.c. of an aqueous solution containing 0-3552 g. of the J-amide- 
acid had [a] = —34-4°. 40 C.c. of this solution together with | ¢ 
of sodium hydroxide were boiled for 10 minutes; it was then fre 
from ammonia. The residue was cooled and made up to 50 c.c. with 
water; it had [«] = +20-3°. The same experiment was repeated 
with a larger quantity of the J-amide-acid. The dibasic acid, 
* The rotatory powers recorded in this paper were determined at 20° 
4 dem. tubes, the mercury green line (A 5461) being used in all cases. 





THE ARGENTOTHIOSULPHURIC ACIDS, ETC. PART I. 2763 


recovered from the final alkaline solution by addition of hydrochloric 
acid (Congo-red), was recrystallised twice from the minimum 
quantity of boiling water. This acid had [«] = +12-3° (as sodium 
salt, c = 0-6534, a = +0-32°). This rotatory power is much less 
than the former, indicating that some externally compensated acid 
(less soluble than the optically active acid) is formed during the 
hydrolysis of the optically active amide. 


The expenses of this investigation have been met from grants 
from the Government Grant Committee of the Royal Society and 
from Messrs. Imperial Chemical Industries, Ltd., to whom we 
express our indebtedness. One of us (B. L.) is also indebted to 
the Department of Scientific and Industrial Research for a grant 
which is enabling him to take part in this investigation. 

Guy’s Hosprrat Mepicat Scuoort (UNIversiry or Lonpown), 

Lonpon, 8.E, 1. [Received, October 17th, 1929.] 





CCCLXIX.—The Argentothiosulphuric Acids and their 
Derivatives. Part I. The Preparation of the 
Sodium Salts and the Isolation of Monoargento- 
monothiosulphuric Acid. 


By Harry Barnes. 


THE preparation of the argentothiosulphuric acids and certain new 
derivatives was the outcome of an investigation of the mechanism 
of photographic fixation (Phot. J., 1929, 53, 314). The complex 
sodium argentothiosulphates formed by interaction of sodium 
thiosulphate with silver salts are often assumed to be Ag,S,0,,Na,8,05 
and Ag,S,0,,2Na,S8,0, (see ‘“‘ Photography as a Scientific Imple- 
ment,” Sheppard et al., 1923, 155; ‘“‘ Photography, its Principles 
and Practice,” Neblette, 1927, 338; ‘“‘La Technique Photo- 
graphique,” Clerc, 1926, 380; LEder’s ‘‘ Handbuch der Photo- 
graphie,”’ 1928, iv, I, 75). These formule are based upon analyses 
by Lenz (Annalen, 1841, 40, 98) of compounds first prepared by 
Herschel (Edin. Phil. J., 1819, 4, 8, 396). 
Sodium Monoargentomonothiosulphate.—The compound 
Ag,S,03,Na,8,035 

has been isolated by many workers as a sparingly soluble salt. All 
are agreed as to its composition, but it has been variously described 
as a monohydrate (Lenz, loc. cit.; Richards and Faber, Amer. 
Chem. J., 1899, 24, 171), a dihydrate (Schwicker, Ber., 1889, 22, 
1736; Schmidt, Féldtani Késtény, 1893, 23, 100, 38; Awsz. Z. 
Kryst., 23, 502; Luther, Phot. Ind., 1928, 26, 626), a pentahydrate 
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(Eder, op. cit.), and as the anhydrous compound (Rosenheim and 
Steinhauser, Z. anorg. Chem., 1900, 25, 74; Rosenheim and Tre. 
wendt, Ber., 1928, 61, 1731). These discrepancies are probably 
due to the difficulty of obtaining the compound pure. The two 
general methods of preparation consist in (1) saturating sodium 
thiosulphate solution with silver chloride, and (2) adding silver 
nitrate solution to sodium thiosulphate. Admittedly, impure 
products are obtained, contaminated in the first method by silver 
chloride, and in the secund by silver sulphide formed by decomposi- 
tion of normal silver thiosulphate, although, by taking special pre- 
cautions, Rosenheim and Trewendt (loc. cit.) claim to have prepared 
& pure product by this method. A purer product would probably be 
yielded by Schwicker’s method (loc. cit.), viz., addition of ammoniacal 
silver nitrate solution to sodium thiosulphate solution, and evapor- 
ation over sulphuric acid. 

The preparation of the compound by addition of an aqueous 
suspension of silver carbonate to sodium thiosulphate has been 
described by the author (Phot. J., 1929, 53, 314). In this way the 
formation of normal silver thiosulphate was prevented by the 
prevailing low silver-ion concentration, and the compound was 
obtained in a high state of purity as a colourless crystalline powder, 
darkening only very slightly after a week’s exposure to bright 
diffused daylight, whereas it is described by other workers as a 
dirty white or greyish-white powder, darkening on exposure to 
light. Since all samples prepared by this method consisted of the 
dihydrate, and since the probability of two hydrates being formed 
by crystallisation from cold aqueous solution is somewhat remote, 
this compound may be assigned the structure Ag,S,0,,Na,8,0,,2H,0 
or Na(AgS,0,),H,O, for which the name sodium monoargentomono- 
thiosulphate is suggested. 

Sodium Triargentotetrathiosulphate—In the same work, the only 
soluble complex salt which could be isolated was prepared by 
alcoholic precipitation from a solution of sodium monoargentomono- 
thiosulphate in excess of sodium thiosulphate, and shown to be the 
dihydrate of sodium triargentotetrathiosulphate, 

Na,[Ag,(8,03),],2H,0. 
This salt has almost universally been assumed to be 
Ag,8,03,2Na,5,03 
or Na,[Ag,(8,0,),], although Lumiére and Seyewetz (Phot. J., 1907, 
31, 132) give the formula 2Ag,8,0;,3Na,8,0, or Na,fAg,(S,03)5], 
Liippo Cramer (Eder, op. cit.; 1927, ii, 1, 452; “‘ Jahrbuch fir 
Photographie,” 1906, 33) suggests the formation from silver halides 
of halogen-containing complex salts, and Rosenheim and Trewendt 
(loc. cit.) propose the formula Na,{Ag,(S8,0,),],3H,O. 
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The salt is most conveniently prepared by alcoholic precipitation 
from @ solution of silver carbonate in sodium thiosulphate. Con- 
siderable excess of the latter must be used, owing to the tendency 
of the triargentotetrathiosulphates to break down into mono- 
argentomonothiosulphates. 

Sodium M onoargentodithiosulphate —-In addition to the two salts 
which have been isolated, there is strong evidence for the existence 
in solution of a third complex salt of the formula Na,[Ag(S,0,)]. 
Bodlander (Cenir., 1901, II, 1109) concluded from #.M.F. measure- 
nents that the ions (AgS,O,)', Ag(S,0,),™, and Ag(S,0,),” are present 
in solutions of silver salts in sodium thiosulphate solution ; and Slator 
(J., 1905, 87, 489) deduced the formation of the ion Ag(S,O,),™ from 
consideration of the velocity of formation of alkyl thiosulphates 
from sodium thiosulphate containing dissolved silver salts. 

Since the silver-kation concentration of such solutions is extremely 
minute (Bodlander, Ber, 1903, 36, 3933), the ions must be formed 
from the salts Na(AgS,0;), Na,[Ag(S,03).], and Na,[Ag(S,O,)s], 
respectively. The existence of the first salt is well known, and the 
isolation of a potassium salt of the formula K,[Ag(S,0O,).], in con- 
junction with the evidence of Bodlander and Slator (locc. cit.), 
renders the existence in solution of the sodium analogue very 
probable. Moreover, if to a moderately concentrated solution of 
sodium triargentotetrathiosulphate, acidified with a slight excess 
of nitric acid, excess of alcohol be added, monoargentomonothio- 
sulphuric acid (see later) is precipitated; now, this partial decom- 
position of triargentotetrathiosulphuric acid into monoargento- 
monothiosulphuric acid must be accompanied by the formation 
either of free thiosulphuric acid or of an argentothiosulphuric acid 
richer in thiosulphate than triargentotetrathiosulphuric acid, but 
since the supernatant liquid is quite stable, probably no free thio- 
sulphuric acid is formed, and hence we have further evidence for 
the existence in solution of a highly thiosulphated complex. 

No confirmation has been found of the existence of the quinque- 
valent ion Ag(S,0;),", but sodium triargentotetrathiosulphate 
probably exists as such in solution, forming the quinquevalent ion 
Ag,(S,05),”, a8 is shown by the following observation. Although 
very concentrated solutions of sodium triargentotetrathiosulphate 
tend to deposit a precipitate of sodium monoargentomonothio- 
sulphate, yet it is possible to obtain stable concentrated solutions 
of the former salt. If the ion Ag,(S,0,),” did not exist, such solutions 
would have to undergo complete readjustment in the sense 


Na,[Ags(S,03),] —> 2Na(AgS,05) + Na,[Ag(S,05)q], 


Na,[Ags(S,03),] —> 3Na(AgS,05) + Na,S,0;, 
5 a2 
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but the sparing solubility of sodium monoargentomonothiosulphate 
renders it certain that such readjustment could not have taken place. 

Alternative Method of Preparation of Sodiwm Monoargentomono. 
thiosulphate.—Since acid sulphites when added to sodium thio. 
sulphate give a more stable photographic fixing bath than the latter 
salt alone, their action upon argentothiosulphates was investigated, 
No precipitate was formed in a solution of sodium triargentotetra- 
thiosulphate by treatment with either sodium sulphite or sulphur 
dioxide. Treatment with both sodium sulphite and excess of 
sulphur dioxide, however, gave a dense white precipitate of sodium 
monoargentomonothiosulphate, Na(AgS,O,),H,O. The gradual 
deposition of the compound by saturation of a dilute solution of 
silver carbonate and sodium sulphite in sodium thiosulphate with 
sulphur dioxide results in the formation of sodium monoargento. 
monothiosulphate in comparatively large crystals, which are 
superior in crystalline form and stability even to those obtained 
by the silver carbonate method. 

The mechanism of the reaction underlying this preparation is 
obscure. } 

Isolation of Monoargentomonothiosulphuric Acid, H(AgS,O,),H,0. 
—The observation that solutions of the pure complex salts are much 
more stable towards mineral acids than is a solution of sodium 
thiosulphate, indicated that the argentothiosulphuric acids from 
which the sodium salts are derived are comparatively stable. As 
the free acids appeared not to be known, attempts were made to 
isolate and examine them. Addition of nitric acid to an aqueous 
suspension of sodium monoargentomonothiosulphate produced, 
after a few minutes, a fine crystalline suspension in the supernatant 
liquid. As conversion of the sparingly soluble salt into an acid 
by this means might be incomplete, an ammoniacal solution of the 
sodium salt was strongly acidified with concentrated nitric acid. 
The resulting silky-white precipitate had the composition 
H(AgS,0,),H,O, and resembled the sodium salt in solubility and 
appearance, but was less stable. The dry white powder darkened } 
after several hours, becoming black in a few days. 

Attempts to isolate Triargentotetrathiosulphuric Acid.—The addition 
of mineral acids to dilute solutions of sodium triargentotetrathio- 
sulphate produced no visible change. In concentrated solutions, 
decomposition occurred. Triargentotetrathiosulphuric acid there- 
fore appears to be stable in dilute solution, but unstable in con- 
centrated solution. The pure aqueous solution of the acid has 
been obtained by the treatment with sulphuric acid of barium 
triargentotetrathiosulphate, Ba,[Ag,(S,05),],,.10H,O. Addition of 
alcohol to acidified solutions of sodium triargentotetrathiosulphate | 
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resulted in the precipitation of monoargentomonothiosulphuric acid. 
Attempts to isolate this acid are being continued. 


EXPERIMENTAL. 

Methods of Analysis ——1. Determination of 8,0, groups. 0-4— 
1-0 G. of the argentothiosulphate is suspended or dissolved in 30 c.c. 
of water, and titrated with N/10-iodine, starch being used as 
indicator. 

2. Determination of silver. 0-4—1-0 G. of the substance is boiled 
with 20 c.c. of water and 5 c.c. of concentrated nitric acid until 
the solution becomes clear (a slight residue of coagulated sulphur 
does not adversely affect the determination). It is then diluted 
to 50 c.c. and titrated with N/10-alkali thiocyanate according to 
Volhard’s method. 

3. Determination of sodium. 0-4—1-0 G. in 50 c.c. of water is 
boiled until the precipitate of silver sulphide is coagulated. A few 
c.c. of concentrated ammonium sulphide solution are added to 
ensure complete precipitation, and the precipitate is filtered off 
and well washed. (This precipitate may be dissolved in nitric 
acid, and the silver determined as above.) The filtrate and washings 
are evaporated almost to dryness, 1 c.c. of concentrated sulphuric 
acid is added, and the residue evaporated, ignited, and weighed as 
sodium sulphate. 

The more elaborate procedure recommended by Rosenheim and 
Trewendt (Joc. cit.) was found to be quite unnecessary in the case 
of those compounds analysed. 

Preparation of Sodium Monoargentomonothiosulphate—Washed 
silver carbonate, precipitated by addition of excess of sodium 
arbonate to 75 c.c. of N-silver nitrate, is added as an aqueous 
suspension to 100 c.c. of N-sodium thiosulphate, and the volume 
of the mixture adjusted to about 250c.c. About 10 g. of anhydrous 
sodium sulphite are added, and the solution is saturated by a slow 
urrent of sulphur dioxide and kept over-night. The granular 
T¥stals are well washed with 50%, aqueous alcohol, and dried in a 
mvacuum desiccator; yield, 13 g. (cale., 19 g.) [Found: Ag, 41-2; 
8,05, 42-95; Na, 8-9; Ag:S,0,:Na = 1:1-004:1-01. Cale. for 
a(AgS,05),H,0: Ag, 41-4; S,0,, 42-9; Na, 8-82%]. A further 
uantity of the salt in a more finely divided condition may be 
obtained by adding more alcohol or silver carbonate. 

The following crystallographic data were kindly provided by 
rofessor A. Hutchinson, F.R.S. 


Symmetry : monoclinic domaiic. 
Habit : tabular parallel to (010) or prismatic in the zone [100, 010]. 
Forms developed : 6(010), a(100), m(110), (110), g(011). 
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A few very small crystals showed faces in the zone (010, 10/] 
but were not sufficiently good for accurate determination ; the 
figure shows such a form taken to be o(111). 


Axial ratios: a:b:c = 0-853: 1:0-868. 6 = 97° 32’. 


Table of angles. 
Angles. No. of measurements. 
40° 14’ 16 
49 17 4 
84 18 3 


Piezo-electric properties. The substance 
was examined by the method of Giebe 
and Scheibe (Z. Physik., 1925, 33, 760) 
for crystal grains in an oscillating valve 
circuit and found to be strongly piezo. 
electric in accord with the domatic 
symmetry. 

Optical properties. Refractive indices 
(by immersion) 


y = 1-74, « = 1-69. 

















The optic axial plane is perpendicular to 
(010) and inclined at 12° to the c axis in 
the obtuse axial angle, the bisectrix y 
being perpendicular to (010). Optic axial 
angle 2V is approximately 90°. 


Preparation of Sodium Triargentotetrathio- 
sulphate.—Silver carbonate precipitated from 
40 c.c. of N-silver nitrate is washed, 
drained, suspended in 60 c.c. of water, and dissolved in 80 c.c. of 
N-sodium thiosulphate. Alcohol (140 c.c.) is added, and the pre- 
cipitate kept for about 30 minutes until it becomes crystalline. [tis 
filtered off, washed with 50% aqueous alcohol, and dried in a vacuum 
desiccator. (By use of these quantities, there is no fear of con- 
tamination of the product by sodium thiosulphate or sodium carbor- 
ate. If an aqueous layer separates on the first addition of alcohol, 
more water and correspondingly more alcohol must be added.) 
There were thus obtained 8 g. of colourless crystals quite stable 
towards light and exposure, easily soluble in water, insoluble in 
alcohol and acetone [Found: Ag, 35:3; S,0,, 48:7; Na, 125; 
Ag : S,0,: Na = 3:3-99:5-00. Na,Ag,(S,0,),,2H,O requires Ag, 
35-1; 8,05, 48-5; Na, 12-45%. Cale. for Na, Ag,(S,05),,3H,0 (vide 
Rosenheim and Trewendt, loc. cit.): Ag, 34:4; S,O,, 47:7; Na, 


Crystal o, 
Na(Ag8,0,),H,O. 
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122%]. Very concentrated solutions deposit a white precipitate 
of sodium monoargentomonothiosulphate. 

Crystallographic data. Needle-like crystals showing straight 
extinction in parallel polarised light, the slow vibration direction 
being parallel to the length. High double refraction, as estimated 
by polarisation colours. Mean refractive index about 1-67. 

Preparation of Monoargentomonothiosulphuric Acid.—10 G. of 
sodium monoargentomonothiosulphate are suspended in 200 c.c. 
of water, and ammonia is added until the suspension is dissolved. 
If the solution is not clear and colourless, it is filtered. Concentrated 
nitric acid is added until the solution (which must be kept cool 
throughout the preparation) is neutral to litmus paper; a further 
10 c.c. are then added, and the white precipitate is rapidly collected, 
well washed with 50% aqueous alcohol, and dried in a vacuum 
desiccator. The acid is an unstable, colourless, crystalline solid, 
insoluble in water, alcohol, and acetone, but soluble in excess of 
ammonia [Found : Ag, 45-6; 8,05, 46-2; Na, 0-3; Ag:S,0,:Na = 
1:0-98:0-04. H(AgS,0,),H,O requires Ag, 45-2; 8,05; 46-8; Na, 


The investigation of which this research forms a part was com- 
menced at the instigation of Mr. F. F. Renwick, F.1.C., to whom the 
author is greatly indebted for several valuable suggestions. 


British PHOTOGRAPHIC PLATES AND Papers, Lap. 


RoDENSIDE LABORATORY, 
Inrorp, E. [Received, November let, 1929.] 





OCCLXX.—The Classification of the Sugars. Part II. 
By Jonwn GwItLiaM MALTBY. 


Ir has been shown (J., 1923, 123, 1404; 1926, 1629) that, for the 
normal forms of the aldoses, the configuration of the middle group 
of the oxide ring plays an important part in the division into the 
d- and l-series, in the classification of the «- and @-forms, and also 
in determining the configuration of the main product of the cyano- 
hydrin synthesis. It is now proposed to amplify the previous 
work, dealing at present only with the normal forms of the sugars, 
for which the term pyranose has been suggested (Goodyear and 
Haworth, J., 1927, 3136). 

According to the present system of nomenclature for the sugars, 
similar groups in the aldoses and ketoses are given differing numbers. 
In order to simplify the comparison of these two types of sugar, it 
is suggested that the carbon groups in the oxide ring of the pyranoses 
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should be lettered K, L, M, N, and O, group K being the reducing 
group and group M the middle group of the three secondary alcoho 
groups in the ring. When there are other carbon groups at eithe 
end of the chain, they are given adjacent letters of the alphahs 
This is shown below for the hexoses : 


Group J. K. L. M. N. Q..1,,P. 





Aldoses 6H(OH)-CH(OH)-CH(0H)-CH(OH)-CH-CH,-OH 
Ketoses | CH,(OH)-C(OH)-CH(OH)-CH(OH)-CH(OH)-CH, 





This nomenclature being applied to the generalisations found 
previously, and the ketoses being included, group M in the 
d-pyranoses will have the same configuration as in ordinary glucose, 
and in the «-forms the configurations of groups K and M will be 
opposite. Owing to the rotational effect of group K, the «-form 
of the d-pyranoses will have a higher positive rotation than the 
6-forms. 

On compgring their configurations with that of ordinary d-glucose 
it will be seen that fructose and «-glucoheptose belong to the /-series, 
and not to the d-series as they do according to the usually accepted 
views. An examination of the chemical evidence shows that thes 
two sugars resemble arabinose (J., 1926, 1629 ; Hudson, J. Amer, 
Chem. Soc., 1924, 46, 2591) in that the «- and 8-forms are respectively 
the 8- and «-forms as determined by Hudson’s rule (J. Amer. Chem. 
Soc., 1909, 31, 66). For fructose, see Parcus and Tollens (Annalen, 
1890, 257, 160), Purdie and Paul (J., 1907, 91, 289), Fischer (Ber. 
1895, 28, 1145), Hudson and Brauns (J. Amer. Chem. Soc., 1916, 
38, 1216), Brauns (ibid., 1920, 42, 1846), and Schlubach and Schrite 
(Ber., 1928, 61, 1216). For «-glucoheptose, see Fischer (Annalen 
1892, 270, 64; Ber., 1895, 28, 1145) and Hudson (J. Amer. Chem 
Soc., 1925, 47, 268). 

The configurations and specific rotations of the three sugars are 
as below, the configurations being represented by + and — signs as 
suggested by Fischer (Ber., 1896, 27, 3189) : 


Sugar. . M. N. O. > a. Equil. f. 
111° 52° 19 

l-a-Glucoheptose ... — — 28 —20 45 
l-Fructose —133 —92 -1il 


The Cyanohydrin Synthesis.—It was shown in an earlier pape 
that the configuration of group 2 in the main product of the cyano 
hydrin synthesis is the opposite of that of group 4, the latter being 





LE FEVRE : THE ORIENTING INFLUENCE OF OXONIUM OXYGEN. 2771 


. [group M in the original sugar. The following examples can be 
“added : 


Main Configuration. 
Sugar. product. 2 3 4 5 6 Reference. 
."xose Galactonic + ~ Fischer and Ruff, Ber., 
Gulose “Gulo- + + la Fe * Fe ok 
ulo: a- - - Biol. 3 
heptonic acid F 1920, 41,251. —_ 
a-Manno- + 


aa- 0- a irce, J. Biol. 
heptose octonic acid 
Fructose Fructose- ao > a 

carboxylic 

acid 


Rhodeose is, however, an apparent exception (Krauz, Ber., 1910, 
43, 482; Vototek, ibid., p. 469). The configurations suggested 
| by Krauz for a- and §-rhodeohexose are, however, the opposite of 
‘| those deduced from the rotations of the amides of «- and $-rhodeo- 
} hexonic acids obtained by him, by applying Hudson’s rule (J. 
‘| Amer. Chem. Soc., 1918, 40, 813). On the assumption that no 
‘ abnormalities occur, the configurations can be determined for the 
| higher sugars, and from these the series (d or /) to which they 
belong : 

Configuration. 


Sugar. L R. 
aa-d-Rhamnoheptose + 
aa-l-Gluco-octose -- 
aaa-d-Glucononose ... + 
aaaa-d-Glucodecose .... — 
aa-l-Galaoctose + 
aaa-l-Mannonose a 
a-l-Rhodeohexose — 


RESEARCH DEPARTMENT, DistTruLERS Co. Lap., 
Epsom. (Received, August 7th, 1929.] 


Li+l1+€ 


M. 
a 
+ 
-s 


+1 1+111% 
[++1+1+ 





COCLXXI.—The Orienting Influence of Oxonium 
Oxygen. The Nitration of 2-Phenylbenzopyrylium 
Perchlorate and Ferrichloride. 


By Raymonp JamMEs Woop LE Fivre. 


Amone those elements which become orienting poles by passing 
into the “‘ onium ” state, the element with the numerically largest 
positive nucleus will be the most electron-attracting and, therefore, 
where aromatic substitution is concerned, the least op-directing. 
Hence, also, the most difficult nitrations (compare Ingold and Shaw, 
J., 1927, 2918), in which m-derivatives alone would be formed, must 
be expected among the hypothetical fluorinium salts (I). Similarly, 
oxonium-containing kations (e.g., 2-phenylbenzopyrylium, If) 
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should undergo substitution with less readiness and with a higher 
resulting yield of m-substituted product than the analogously 
constituted ammonium group (e.g., ee. ge 


OM OO 052 


(I.) (II.) (III.) 


The failure of previous attempts to discover the orienting nature 
of oxygen (Le Févre, J., 1928, 3249) by the nitration of dibromo- 
xanthone in sulphuric acid solution was probably due to rapid 
nitration of the free xanthone (containing bicovalent oxygen) 
present in small quantities in equilibrium with the corresponding 
xanthonium salt, which would be attacked by nitric acid to a very 
small extent only (see later, and compare Vorliinder’s explanation 
of the op-nitration of N-phenyl-y-pyridone). 

The nitrations of the ferrichloride and perchlorate of 2-pheny]- 
benzopyrylium (II) now to be described proceeded in the anticipated 
manner, being exceedingly difficult to effect and giving the 3’-nitro- 
compounds (III), the nitro-group having, as usual, entered the 
nucleus more remote from the positive pole (compare Drumm, Reilly, 
and Moore, J., 1928, 563). The constitution (III) was confirmed 
by direct synthesis from m-nitroacetophenone and. salicylaldehyde. 
The nitration products were never obtained in yields greater than 
ca. 86%, but were in all cases practically pure. The 14% deficiency 
may have been due to (1) destruction of 3’-nitro-2-phenylbenzo- 
pyrylium salts by nitric acid (this undoubtedly did occur, the 
maximum yield of nitro-product being obtained by about 40 hours’ 
nitration at the ordinary temperature), (2) hydrolysis and subsequent 
oxidation of the so-formed initial material (test experiments showed 
that, under the conditions of nitration employed, considerable 
destruction of salicylideneacetophenone took place), and (3) 
formation and destruction of the isomeric 2’- or 4’-nitropheny]- 
benzopyrylium salts (no 4'-nitro-2-phenylbenzopyrylium perchlorate, 
obtained synthetically from -nitroacetophenone and salicyl- 
aldehyde, could be recovered after solution for 2 days in fuming 
nitric acid). 

These results with oxonium salts and preliminary experiments 
(and known analogies) with the related quinolinium salts suggest 
that in both cases nitration in the m-position may predominate to 
such an extent that comparison will be impossible. If so, the 
inquiry will be extended to the benzylbenzopyrylium and benzyl- 
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quinolinium groups and even to the corresponding phenylethyl 
compounds. 
EXPERIMENTAL. 

Preparation of Salicylideneacetophenone—A hot solution of 
potassium hydroxide (30 g.) in water (25 c.c.) was added to a mixture 
of salicylaldehyde (25 g.), acetophenone (16 g.), and rectified spirit 
(100 c.c.). After 24 hours, the red crystalline paste of potassium 
salt was collected and stirred into an excess of 50% acetic acid— 
water. The resulting yellow powder gave pure salicylideneaceto- 
phenone (about 20 g.) after one crystallisation from spirit. 

2-Phenylbenzopyrylium Ferrichloride and Perchlorate-—To a gently 
boiling solution of salicylideneacetophenone (14 g.) in glacial acetic 
acid (100 c.c.), concentrated hydrochloric acid (20 c.c.) was slowly 
added. As soon as the red colour thus produced became yellow, 
perchloric acid (50 c.c.; d 1-12) was run in, followed by 100 c.c. of 
cold water. The perchlorate crystallised at once in pearly yellowish- 
green plates (17 g.), m. p. 178—179°. Addition of almost saturated 
ferric chloride solution instead of perchloric acid gave the ferri- 
chloride, which, after crystallisation from acetic acid, had m. p. 
126—128° (Decker and von Fellenberg, Annalen, 1907, 356, 303, 
give m. p. 125—129° corr.). 

Nitrations of the Perchlorate——The perchlorate was dissolved in 
the nitrating acid (10 parts by wt.) and after a definite time the 
solution was diluted with water (1 vol.), and an excess of perchloric 
acid added; the nitrated perchlorate then crystallised. 

The nitrations with nitric acid (d 1-4 or 1-5) alone at 15° and at 
80° for times varying from 5 minutes to 24 hours were unsatisfactory, 
unchanged material or gum and impure mononitro-derivative being 
obtained. With a mixture of sulphuric and nitric (d 1-5) acids 
(1:3 by vol.) at 15°, the yields of 3’-nitro-derivative obtained 
after 40, 48, and 89 hours were 86, 70, and 68%, respectively. 

3’-Nitro-2-phenylbenzopyrylium perchlorate crystallised from acetic 
acid—perchloric acid solution in small orange prisms, m. p. 239—241° 
after softening from ca. 230° (Found: N, 4:2. C,;H,).0,NCI re- 
quires N, 4-0%). 

Nitration of 2-Phenylbenzopyrylium Ferrichloride——A solution 
of the ferrichloride (2 g.) in 20 g. of nitric acid (d 1-5), after being 
left for 68 hours at the ordinary temperature, was diluted with 20 c.c. 
of water, and an excess of ferric chloride solution added. The pre- 
cipitated ferrichloride solidified slowly (m. p. 131—141°) and then 
crystallised from acetic acid as a yellow powder, m. p. 145—147°. 

Synthesis of 3'-Nitro-2-phenylbenzopyrylium Salis——A solution of 
salicylaldehyde (2-4 g.) and m-nitroacetophenone (3-2 g.) in 50 c.c. 
of 99% formic acid was treated with dry hydrogen chloride for 
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12 hours. The crystalline magma formed was collected, washed 
with hydrochloric acid, and extracted with boiling alcohol; the 
residue, m. p. 252°, was apparently salicylidene-m-nitroacetophenone, 
but satisfactory analyses were not obtained (Found: N, 6-4. 
C,;H,,0,N requires N, 5-2%). Addition of excess of perchloric 
acid to the acid filtrate gave a crystalline perchlorate, m. p. 240— 
243° (Found: N, 4-1. Cale.: N, 4:0%), admixture of which with 
the crude or recrystallised nitration product of 2-phenylbenzo. 
pyrylium perchiorate (see above) raised the m. p. in both cases. 
The use of concentrated ferric chloride solution in place of per- 
chloric acid gave the corresponding ferrichloride, which, after one 
crystallisation from acetic acid-ferric chloride solution, had m. p. 
146—150° and caused no depression in the m. p. of the nitration 
product of 2-phenylbenzopyrylium ferrichloride when mixed with it. 
Synthesis of 4'-Nitro-2-phenylbenzopyrylium Perchlorate.—Salicy]- 
aldehyde (1-2 g.), p-nitroacetophenone (1-6 g.), and formic acid 
(20 c.c.) were treated as in the case of the analogous m-nitro- 
derivative. A precipitate of salicylidene-p-nitroacetophenone ( ?), 
m. p. 297—298°, was obtained as golden needles. The formic 
acid filtrate, after slight dilution, was repeatedly extracted with 
chloroform until the latter was no longer coloured green. Treat- 
ment with an excess of perchloric acid then gave 4’-nitro-2-pheny/- 
benzopyrylium perchlorate as dark orange needles with a copper- 
bronze reflex; m. p. ca. 220°, decomp. ca. 225° (Found: N, 42%). 
As a rough indication of the amounts of 2’- and 4’-nitro-2-phenyl- 
benzopyrylium perchlorates which were (if at all) contaminating 
the nitration product from 2-phenylbenzopyrylium perchlorate, 
the m. p. of a mixture of 1 part of the 4’-nitro-compound and 10 
parts of 3’-nitro-2-phenylbenzopyrylium perchlorate (m. p. 240— 
243°) was determined. The mixture began to shrink at 190°, 
definitely softened at ca. 205°, and ran at 211°. The crude nitration 
product generally softened at 225—230° and ran at ca. 236—237°. 


The author desires to thank Professor R. Robinson for much 
kind help, advice, and criticism and also to acknowledge the receipt 
of a grant from the Research Fund of the Chemical Society. 
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CCCLXXII.—T he Nitrosation of Phenols. Part VII. 
Resorcinol Monomethyl Ether and m-Cresol. 


By Herpert Henry Hopeson and Husperr Cray. 


HenrgicH and Ruopius (Ber., 1902, 35, 1475) described two 
nitrosation products from resorcinol monemethyl ether which were 
oriented as 2- and 4-nitroso-3-methoxyphenol, respectively. The 
constitution of the former depended upon its alleged reduction to 
2-amino-3-methoxyphenol, but Henrich and Eisenach (J. pr. Chem., 
1904, '70, 332) altered it to 6-nitroso-3-methoxyphenol, because the 
reduction product did not give 2-aminoresorcinol on demethylation. 

It has now been shown that the nitroso-compound in question is 
indeed 6-nitroso-3-methoxyphenol, since the 6-nitro-3-methoxy- 
phenol obtained from it by oxidation has been converted into 
4-nitroresorcinol dimethyl ether and also synthesised from 3-chloro- 
4-nitroanisole. 

In the nitrosation of resorcinol monomethy] ether, the attack of 
the kationoid reagent is almost entirely at the 6-position, only a 
very small amount of any other product being formed. This fact 
has been established by an almost quantitative oxidation of the 
crude nitrosation product to 6-nitro-3-methoxyphenol. 

That ortho-nitrosation should take place preferentially, and also 
that the nitration of resorcinol monomethyl ether should yield 
mainly the 6-nitro-derivative, may be explained on current electronic 
conceptions (see, in particular, Lapworth and Robinson, Mem. 
Manchester Phil. Soc., 1928, 72, 473) as follows. The anionoid 
(electron-repelling) groups in resorcinol monomethyl ether each 
activate hydrogen in positions 4 and 6 in the reactive phases 
(Land IT), and, although the frequencies of activation may reasonably 


of ; a 
S 3-—0-<Me 
NO 


be assumed to be similar, the proximity of hydrogen in the 6-position 
to the partly ionised hydroxyl group will secure for it a greater 
degree of activation than obtains at the 4-position. Further, 
should ionisation of the hydroxyl group be repressed by the methoxyl 
group, as appears probable, activation at the 4-position would be 
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still more weakened and even made to depend mainly on the 
methoxyl group itself. Now, anisole cannot be nitrosated under the 
experimental conditions employed for resorcinol monomethy] ether ; 
therefore, from the above electronic considerations, the 6-position 
in the latter compound should enjoy the preference, and this may 
even be augmented by the circumstance that the reagent itself in 


its polarised phase, HO NO, may tend to become attached to the 
charged phenolic hydroxy] group and so unduly be caused to favour 
nitrosation at the 6-position. The same argument holds for the 
case of nitration. 

Alternatively, should the methoxyl group exercise an inductive 
electron-attraction (Ingold, Ann. Reports, 1928, 25, 122), hydrogen 
in the 4-position would be deactivated to a certain extent (III), 
whereas ionisation of the phenolic group would not be repressed but 
rather promoted, and so hydrogen in the 6-position should again be 
preferentially more intensely activated. 
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In m-cresol (IV), however, the methyl group produces the general 
(inductive) effect of electron-repulsion, which is much stronger at 
the ortho- than at the para-position with respect to it (compare the 
nitration of toluene, where the ortho-para ratio is 58 : 38, and also 
the Reimer—Tiemann reaction with m-cresol; Hodgson and Jenkin- 
son, this vo]., p. 469) and in consequence hydrogen in the 4-position 
becomes more strongly activated than hydrogen in the 6-position. 
The only nitroso-compound produced by nitrosation of m-cresol is 
4-nitroso-3-methylphenol (6-nitroso-m-cresol), in agreement with the 
above theoretical deduction; it is accompanied by a small amount 
of 6-nitro-3-methylphenol (4-nitro-m-cresol) (compare the nitrosation 
of p-chlorophenol, where the product is almost entirely 4-chloro-2- 
nitropheno)). 

That 6-nitroso-3-methoxyphenol is moderately easily soluble in 
cold benzene, whereas, according to Henrich and Rhodius (loc. cit.), 
the 4-nitroso-isomeride is insoluble, might be anticipated from the 
probable co-ordination (V) of the o-nitroso- and the phenolic hydroxy! 
group (compare Sidgwick and Callow, J., 1924, 125, 533, for similar 
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co-ordination in o-chlorophenol; and Hodgson and Kershaw, this 
vol., p. 1555, for the stability of 3-chlorobenzoquinone-4-oxime). 


EXPERIMENTAL. 


The Nitrosation of Resorcinol Monomethyl Ether—In addition to 
the process of Henrich and Rhodius (loc. cit.), the following method, 
which gives excellent results with phenol and its m-halogeno- 
derivatives, was used. Resorcinol monomethyl ether (5 g.), 
dissolved in water (450 c.c.) containing sodium hydroxide (2-5 g.) 
and sodium nitrite (7-5 g.), was treated below 0° during 30 minutes 
with dilute sulphuric acid (5 c.c. of concentrated acid in 100 c.c. of 
water). The mixture was kept over-night in the dark (compare 
Hodgson and Kershaw, loc. cit.), and the deposited product washed 
with water and dried in the dark. It appeared to be identical in 
composition with Henrich and Rhodius’s product when examined 
by (1) its solubility in benzene and (2) oxidation to 6-nitro-3- 
methoxyphenol. 

Oxidation of the Benzene-soluble Fraction with Dilute Nitric Acid.— 
The nitrosation product (3 g.) was suspended in water (35 c.c.) and 
vigorously stirred during the gradual addition of 27 c.c. of a mixture 
of concentrated nitric acid (3 parts) and water (1 part). The original 
yellow product turned light brown and nitrous fumes were evolved. 
After 12 hours, the mixture was steam-distilled; the 6-nitro-3- 
methoxyphenol (2-4 g.) that passed over crystallised from alcohol in 
small, pale yellow needles, m. p. and mixed m. p. 95° (Found : N, 8-4. 
Cale.: N, 8:3%). 

Oxidation with alkaline potassium ferricyanide, although con- 
firming the result, proved less satisfactory. 

Oxidation of the Crude Nitrosation Mixture.—(a) With nitric acid. 
A fine suspension of the crude product (5 g.) in water (50 c.c.) was 
oxidised with dilute nitric acid (54 c.c.; as described above. The 
yield of steam-volatile 6-nitro-3-methoxyphenol was 3-5 g. From 
the results of the oxidation of the benzene-soluble product, this 
amount would account for almost the whole of the original crude 
mixture. 

(b) With hydrogen peroxide. The crude nitrosation product 
(5 g.) was mixed with 30% hydrogen peroxide (15 c.c.), and a drop 
of 10% aqueous ferrous sulphate solution added; the mixture then 
became hot and turned olive-green. When the violence of the 
reaction had abated, 4 c.c. of 20% aqueous sodium hydroxide were 
added and the mixture was kept over-night, diluted with water to 
150 c.c., heated to boiling, filtered, cooled, acidified, and steam- 
distilled, 2-9 g. of volatile 6-nitro-3-methoxyphenol being obtained 

Nitration of Resorcinol Monomethyl Ether—The ether (5 g.), 
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dissolved in glacial acetic acid (5 g.), was nitrated below 0° by the 
gradual addition of nitric acid (5 g.; d 1-5) in glacial acetic acid 
(15 g.). The mixture, at first green and finally reddish-brown, was 
after an hour poured on ice; steam-distillation then removed 
6-nitro-3-methoxyphenol, which crystallised from alcohol in small, 
pale yellow needles, m. p. 95° (Weselsky and Benedikt, Sitzwngsber. 
Akad. Wiss. Wien, 1880, 82, 1219, give m. p. 95°) (Found: N, 8-4. 
Cale.: N, 83%). The very small non-volatile residue of 4-nitro-3- 
methoxyphenol was extracted with ether and recrystallised from 
alcohol, giving yellow needles, m. p. 144° (Weselsky and Benedikt, 
loc. cit., give m. p. 144°). 

Proof of the Constitution of 6-Nitro-3-methoxyphenol.—(a) Con- 
version into 4-nitroresorcinol dimethyl ether. This was accomplished 
by heating the assumed 6-nitro-3-methoxyphenol (1-5 g.), dissolved 
in xylene (10 c.c.), with potassium carbonate (1-3 g.) and methy! 
sulphate (1-2 g.) at 140° for 8 hours. From the mixture, made 
alkaline with sodium hydroxide, steam-distillation removed 4-nitro- 
resorcinol dimethyl ether (0-7 g.), which crystallised from alcohol in 
small white needles, m. p. 74° (Found: N, 7-8. Calc. : N, 7-65%), 
identical (mixed m. p.) with the product of the action of excess of 
methyl-alcoholic sodium methoxide on 1 : 3-dichloro-4-nitrobenzene 
(Hodgson and Handley, J., 1928, 163). 

(b) Preparation from 3-chloro-4-nitroanisole. This substance 
(2-5 g.) was heated with concentrated aqueous ammonia (15 c.c.) 
in a sealed tube for 8 hours. The mixture was then acidified and 
steam-distilled to remove unchanged material (1-2 g.), and the non- 
volatile product was dissolved in dilute sulphuric acid and diazotised ; 
decomposition by the standard procedure (Hodgson, E.P. 200,714) 
gave 6-nitro-3-methoxyphenol, which was isolated in steam. 

Nitrosation of m-Cresol.—Obtained by the methods of Henrich and 
Rhodius (loc. cit.) and of Hodgson and Kershaw (loc. cit.), the nitros- 
ation products of m-cresol gave in each case a small quantity of 
6-nitro-3-methylphenol (4-nitro-m-cresol), volatile in steam, and 
non-volatile 4-nitroso-3-methylphenol (6-nitroso-m-cresol). The 
latter was oxidised entirely to 6-nitro-m-cresol, the absence of 4-nitro- 
m-cresol indicating the absence of 4-nitroso-m-cresol. 


The authors desire to thank the Department of Scientific and 
Industrial Research for a grant to one of them (H. C.), and the 
British Dyestuffs Corporation for gifts of chemicals. 
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CCCLXXIII.—The Formation of Periodic Structures 
by Salting-out and by Coagulation. 


By Ernest SypnNey HEDGES. 


THE question whether the insoluble substance which is finally 
precipitated in the form of periodic structures such as Liesegang 
rings exists primarily as a highly supersaturated solution or as a 
colloidal solution which is protected by the gelatinous reaction 
medium has already received some attention. The experiments of 
Sen and Dhar (Kolloid-Z., 1924, 34, 270) and of Chatterji and Dhar 
(Trans. Faraday Soc., 1926, 23, 233; J. Indian Chem. Soc., 1928, 5, 
175) suggest that, when a dilute solution of potassium chromate in 
gelatin at the concentrations ordinarily used in making Liesegang 
rings is treated with an equivalent of silver nitrate, the silver 
chromate, which is not precipitated under these conditions, remains 
in colloidal solution and shows little diffusion or electrical conduc- 
tivity. On the other hand, the diffusion and electro-conductivity 
experiments of Williams and Mackenzie (J., 1920, 117, 844), of 
Bolam and Mackenzie (Trans. Faraday Soc., 1926, 22, 151, 162), 
and of Bolam (ibid., 1928, 24, 463) favour the view that the silver 
chromate exists as a highly supersaturated molecular solution. 

Hedges and Henley (J., 1928, 2714) separated the formation of 
this type of periodic structure into two stages. In the first stage, 
dilute solutions of the two reagents in sols of gelatin or agar were 
mixed, and the mixture was allowed to cool and form a gel without 
production of any precipitate, and in the second stage a concen- 
trated solution of one of the reagents was allowed to diffuse into the 
gel, whereupon the insoluble substance was precipitated in the 
form of a periodic structure. It may be concluded from these 
experiments that the formation of the periodic structure is not the 
result of a periodic chemical reaction, but is a secondary phenomenon 
taking place after the completion of the reaction. On the assump- 
tion that the final precipitate was present in colloidal form at the 
end of the first stage, it followed that the rings were formed as a 
periodic coagulation process in the second stage. 

It is perhaps unwise to attempt to distinguish sharply between the 
condition of a little-understood, highly supersaturated, “‘ molecular ” 
solution and a highly disperse, colloidal solution, but if the solutions 
obtained at the end of the first stage can be regarded as molecular, 
the second stage becomes a salting-out process by a common ion 
rather than one of coagulation. Hedges and Henley (loc. cit., 
p. 2719) also showed that 1% agar gel would hold as much as five 
times the amount of lead iodide corresponding to the ordinary 
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solubility in water at that temperature; it was assumed that the 
excess was present as a colloidal sol protected by the agar, but even 
on that assumption it must still be supposed that at least 20%, of the 
lead iodide must be molecularly dissolved. It appears, therefore, 
that the bands of precipitated lead iodide produced when 20% 
potassium iodide solution is allowed to diffuse into such a mixture 
may be formed by a periodic salting-out of lead iodide by potassium 
iodide rather than by a coagulation process. 

Experiments have been carried out to determine whether such 
periodic structures can be formed by a pure salting-out process in 
the absence of colloids, and thus to differentiate the phenomenon from 
coagulation as understood by colloid chemists. For this purpose, 
hydrochloric acid was allowed to diffuse into sodium chloride solu- 
tions, for example, and the experiments were conducted in capillary 
tubes; this method not only obviated the necessity of having a gel 
present, but also had the advantage of eliminating the complications 
due to reactions between the gelatinous medium itself and any or 
all of the reactants or products. 

The procedure adopted was to allow the salt solution to rise in a 
capillary tube of about 0-5 mm. diameter, seal off the top end of the 
tube, leaving the lower end open, and place it in a horizontal position 
in a corked test-tube containing the acid, which could thus diffuse 
into the capillary. This method was found to be superior to the 
practice of placing the capillary tube upright in the diffusing solution, 
for in such a position the precipitate often becomes dislodged from 
the wall, falls down the tube, and interferes with the diffusion process. 

An example of the results is afforded by the upper tube in Fig. 1, 
where the capillary tube contained 30% sodium chloride solution 
and the outer diffusing liquid was concentrated hydrochloric acid 
(d 1-16). After some days, eight bands of sodium chloride had 
appeared in the tube. The distances between successive bands, 
starting at the open end (right in Fig. 1) of the tube, were 4-0, 6-0, 
8-5, 11-5, 10-5, and 18-0 mm. (The last band became displaced 
before the photograph was taken.) It will be seen that the spacing 
increases throughout the diffusion as in the ordinary Liesegang 
phenomenon; similarly, the thickness of the successive bands 
increases from 1-0 to 15 mm. Experiments with 20% sodium 
chloride in the capillary tube were equally successful. Similar 
periodic structures were obtained in the salting-out of concentrated 
potassium chloride solutions by hydrochloric acid (lower tube in 
Fig. 1) and of barium nitrate by nitric acid. 

By eliminating both chemical reaction and colloid-chemical 
processes, these experiments are perhaps the simplest examples of the 
formation of periodic structures by diffusion yet investigated, and 
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they appear to be at variance with some of the best-known theories 
of the formation of Liesegang rings. Bradford’s “ adsorption 
theory ” (Biochem. J., 1916, 10, 169; 1917, 44, 14) supposes that 
the spaces between the rings are caused by the adsorption of the 
electrolyte contained in the gel by the adjacent layer of precipitate : 
such adsorption will more probably occur if the precipitate is in a 
highly disperse state and bands can in some cases be obtained or not, 
at will, by varying the conditions affecting the dispersity of the 
precipitate. In the salting-out experiments described above, the 
“ bands ”’ of precipitate consisted sometimes of large single crystals, 
but generally of aggregates of a few relatively large crystals. The 
spaces between were perfectly devoid of solid. Adsorption would 
be negligible on crystals of such extremely small specific surface. 
The “ diffusion wave’ theory of Wo. Ostwald (Kolloid-Z., 1925, 
36, 380) postulates the occurrence of a definite chemical action and 
ascribes the most important rdle to the diffusion of the soluble 
reaction product. In the experiments described above, however, 
this third diffusible product has been eliminated : there are only two 
diffusion waves to be considered—those of hydrochloric acid and of 
sodium chloride. 

Some further experiments have been done on the coagulation of 
colloidal arsenious sulphide by ferric chloride solutions. Hedges 
and Henley (loc. cit., p. 2722) observed a periodic coagulation of 
arsenious sulphide sol contained in an agar gel by allowing solutions 
of ferric chloride to diffuse into the mixture. In the present experi- 
ments, a 0-1% sol of arsenious sulphide was contained in a series. of 
capillary tubes, open at one end, which were then immersed in 
solutions of ferric chloride varying in concentration from 1 to 30%. 
In these capillary experiments, definite bands of precipitate were not 
formed, but the coagulum consisted of an undulatory filament of a 
“crimped ” character. The distance between successive peaks of 
these ‘‘ waves ” was generally2—5 mm. At the author’s suggestion, 
these experiments have been repeated at the laboratories of the 
British Research Association for the Woollen and Worsted Industries, 
Leeds, by Miss M. H. Norris, under the direction of Dr. 8. G. Barker, 
Director of Research, who has taken the photographs shown in 
Figs. 2 and 3. The structure in Fig. 2 was obtained by putting a 
0:25% (approx.) sol of arsenious sulphide in the capillary tube, open 
at one end, and immersing it for 2 days in a 10% solution of ferric 
chloride: Fig. 3 shows a portion under higher magnification. This 
is a new kind of periodic structureand may be of interest in connexion 
with the waviness of many natural colloidal fibres such as wool. It 
appears, therefore, that periodic structures can be produced by 
simple coagulation as well as by simple salting-out. 
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The considerations outlined above tend to annihilate a sharp 
distinction between the coagulation of a sol and precipitation by 
exceeding the supersolubility limit, and bring Wilhelm Ostwald’s 
“supersaturation theory” (‘‘ Lehrbuch der allgemeinen Chemie,” 
Leipzig, 2nd edn., 1898, ii, 778) into line with the coagulation theory 
of periodic structures. It is not proposed to add to the existing 
number of theories of the formation of periodic structures, but it may 
be pointed out that the essential condition for periodicity is the 
existence of some critical condition determining a change which 
proceeds to completeness once the critical value is reached. In an 
investigation of the cause of periodic phenomena in electrolysis and 
in the chemical passivity of iron, it has been shown (Hedges, this 
vol., p. 1028) that these phenomena are determined by the rate at 
which a certain critical concentration of ions can be reached by 
diffusion. In the formation of periodic structures by precipitation 
it seems possible that a critical concentration is again involved : at 
least, the coagulation of sols by electrolytes is associated with a 
definite threshold concentration. A theory of the formation of 
periodic structures based on the idea of a critical concentration value 
for coagulation of the primarily formed sol has been advanced by 
Freundlich (“ Colloid and Capillary Chemistry,’”’ 1926, p. 735) and 
appears to be capable of extension to include structures formed by 


salting-out. 


BEDFORD COLLEGE (UNIVERSITY OF LONDON), 
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CCCLXXIV.—The Solubility of Potassium Selenate in 
Water between 0° and 100°. 


By Joun ALBERT NEWTON FRIEND. 


In 1894 Etard (Ann. Chim. Phys., 2, 503) gave the results of the 
determination of the solubilities in water of a considerable number 
of salts. More recent work has shown, however, that in many cases 
his results are low, presumably because his solutions were not 
thoroughly saturated, although in some cases, e.g., lithium sulphate 
(Friend, this vol., p. 2331), his methods of analysis are now known 
to yield untrustworthy results. His data for potassium selenate are 
shown in Fig. 1. A break appears to occur in the curve at or above 
18°. The only other available solubility datum is that of Tutton 
at 12° (J., 1897, 71, 846), marked T in Fig. 1. This point lies 
appreciably above Etard’s curve and, if correct, indicates that in 
this case also the whole of Etard’s data are low. The present 
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research was undertaken in order to determine with greater accuracy 
the solubility of the salt, and to ascertain whether or not a break in 
the solubility curve exists. 

Pure potassium selenate, free from bromate, was purchased 
(Found : Se, 35-65; K, 35-37, 35-10. Cale.: Se, 35-77; K, 35-32%). 
Spectroscopic analysis showed that any impurities could only be 
present in negligible amounts. 

The saturated solution, prepared in the manner already described 
for lithium sulphate (Friend, loc. cit.), was evaporated almost to 
dryness in a platinum dish on the water-bath, and finally heated, for 
several hours, up to 170° in an electric oven. The weight of 
anhydrous potassium selenate was thus obtained directly. 
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The solubilities shown in Fig. 1 are given in the table as g. of 
anhydrous salt per 100 g. of solution, Ss. The curve, which is 
almost horizontal between 0° and 20°, appears to be continuous. 
Tutton’s result at 12° shows very close agreement. At and below 
the ordinary temperature, prolonged stirring with excess of crystals 
is essential to ensure complete saturation of the solution. Probably 
the low results obtained by Etard were due to insufficient stirring. 
The total increase in solubility at 100° is only 5% of the solubility 
at 0°. 

Temp. Ss. Temp. Ss. Temp. Sg. Temp. Ss. 

0-0° 53-57 268° 53-81 51-2° 54-39 80-6° 55-31 

11-6 53-59 30-4 54-04 52-4 54-48 81-2 55-50 

12-0* 53-52* 32-6 54-08 59-0 54-69 89-6 55-85 

14-0 53-63 38-0 54-17 68-5 54-97 97-6 56-16 

19-4 53-66 47-4 54-33 71-0 54-96 


* Tutton, loc. cit. 


THE TECHNICAL COLLEGE, BIRMINGHAM. 
[Received, November 4th, 1929.] 
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CCCLXXV.—The Nitration of B-Naphthylamine. 
By Frank BELL. 


NirraTion of 6-naphthylamine in sulphuric acid solution furnishes 
a mixture of the 5- and the 8-mononitro-derivative (Friedlander and 
Szymanski, Ber., 1892, 25, 2078), nitration of aceto-8-naphthalide 
gives first a mixture of 1-, 6-, and 8-mononitro-derivatives and then 
a mixture of 1:5- and 1 : 8-dinitro-derivatives (Jacobson, Ber., 
1881, 14, 805; Vesely and Jakes, Bull Soc. chim., 1923, 33, 942), 
and nitration of p-toluenesulphon-f-naphthalide gives first the 
1-nitro-derivative and then most probably the 1 : 6-dinitro-deriv- 
ative (Morgan and Micklethwait, J., 1912, 104, 148). 

Two interesting points emerge from these results, namely, the 
marked difference in orienting influence of the p-toluenesulphon- 
amido- and the acetamido-group and the failure of either of these 
groups to direct a substituent into the 3-position. The difference 
in orienting influence of the two groups has been discussed previously 
(J., 1928, 2771), but in all those examples the p-toluenesulphonamido- 
group was sufficiently powerful to introduce two substituents in the 
o-positions to it, the behaviour being identical with that of the 
hydroxyl group. 

The nitration of B-naphthol is a complex action and has been 
worked out only as far as the 1 : 6-dinitro-derivative (Wallach and 
Wichelhaus, Ber., 1870, 3, 846; Schmidt, Ber., 1900, 33, 3246); 
the less powerfully orienting methoxy- and ethoxy-derivatives, 
however, can be converted into the 1 : 6: 8-trinitro-compounds 
(Staedel, Annalen, 1883, 217, 171). 

It appeared of interest, therefore, to examine the nitration of 
several p-toluenesulphon-$-naphthalides to see if in any circum- 
stances groups could be introduced into both the 1- and the 3- 
position. 

Morgan and Micklethwait’s results with p-toluenesulphon-f- 
naphthalide were confirmed. A uniform dinitro-derivative was 
produced which showed no tendency towards further nitration. 
Its constitution as the 1 :6-dinitro-derivative was confirmed by 
hydrolysis and acetylation, the product being identical with that 
obtained by the nitration of 6-nitroaceto-$-naphthalide. No 
difficulty was encountered in the isolation of 1 : 6-dinitroaceto-6- 
naphthalide, a compound which had been overlooked by previous 
workers, from the products of nitration of aceto-B-naphthalide. 
Similar results were obtained with the p-toluenesulphony] derivatives 
of 5-nitro- and 8-nitro-B-naphthylamines. WNitration occurred in 
the 1-position and the products were fairly resistant to further 
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nitration. In order to use more powerful conditions of nitration, 
m-nitrobenzenesulphon-B-naphthalide was prepared and converted 
into the 1 ; 6-dinitro-derivative, which could be easily nitrated to 
give a trinitro-compound. This, however, proved to be the | : 6: 8- 
trinitro-derivative, for it was identical with the trinitro-compound 
obtained by the vigorous nitration of m-nitrobenzenesulphon-8- 
nitro-B-naphthalide. Therefore, even the toluenesulphonamido- 
group is unable to direct a group into the 3-position of 8-naphthyl- 
amine. 
EXPERIMENTAL. 

Nitration of p-Toluenesulphon--naphthalide.—To this compound 
(20 g.) in acetic acid (200 c.c.), nitric acid (d 1-5; 15 c.c.) in acetic 
acid (15 c.c.)' was added. The liquid filled with erystals of the 
1 : 6-dinitro-derivative,; m. p. 204° after ‘recrystallisation from 
pyridine. It was readily converted, by solution in cold sulphuric 
acid (4 parts), into the corresponding base, which was precipitated 
by pouring the solution on ice and formed a bright yellow powder, 
m. p. 245° after recrystallisation from pyridine. The base (10 g.) 
was warmed for } hour with acetic anhydride (100 c.c.) containing 
sulphuric acid (1 ¢.c.), the cooled solution poured into water, and 
the precipitate collected and dried. Fractional crystallisation from 
acetone separated it into a more soluble diacetyl derivative, which 
formed long needles, m. p. 185° (Found : C, 52-8, 53-2; H, 3-7, 3-5. 
C,,H,,0,N, requires OC, 53-0; H, 3-5%), and a less soluble product, 
m. p. 230° after recrystallisation from pyridine, acetic acid, acetone, 
or benzene. ‘This product had the properties of a monoacetyl 
derivative, for it could be hydrolysed by alcoholic hydrochloric acid, 
1 : 6-dinitro-6-naphthylamine being regenerated, and it could be 
acetylated by boiling acetic anhydride to give the diacetyl derivative 
(above). No explanation could be found for the anomalous com- 
bustion result (Found: C, 53-2; -H, 3-5. C,,H,O;N, requires C, 
55:1; H, 3-4%). 

Dinitration of Aceto-8-naphthalide—-The compound was mono- 
nitrated by the method of Vesely and Jakes (loc. cit.). 4G. of the 
more soluble material (a mixture of 6- and 8-nitroaceto-$-naph- 
thalides) were added slowly to nitric acid (d 1-5; 10 c.c.). After 
+ hour the mixture was diluted with acetic acid (10 c.c.) and the 
liquid’ was filtered from‘ the precipitated 1 ;: 8-dinitroaceto-B- 
naphthalide and diluted with water. The solid then precipitated 
had, after recrystallisation from pyridine, m. p. 230°, alone or mixed 
with _ 1: 6-dinitroaceto-$-naphthalide (above) (Found: C, 52-6, 
52-8; H, 3-4, 3-3%). : 

Nitration of p-Toluenesulphon-5-nitro-8-naphthalide—This com- 
pound was prepared by the interaction of 5-nitro-8-naphthylamine 
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(Friedlander and Szymanski, loc. cit.) and p-toluenesulphony] 
chloride in dry pyridine, and crystallised from acetic acid in stellate 
masses, m. p. 158° (Found : C, 59-9; H, 4:2. C©,,H,,0,N,S requires 
C, 59-6; H, 41%). To 4g., dissolved in acetic acid (40 c.c.), nitric 
acid (d 1-5; 4 ¢.c.) in acetic acid (4 c.c.) was added. On cooling, 
the liquid filled with crystals of p-toluenesulphon-1 : 5-dinitro-8- 
naphthalide, m. p. 182° after recrystallisation from acetic acid 
(Found: C, 53-0; H, 3-4. C,,H,,0,N,S requires C, 52-8; H, 
3-4%). The constitution of this compound was proved by 
hydrolysis. 2 G. were dissolved in sulphuric acid (6 c.c.) and the 
solution was poured into water. The precipitated 1 : 5-dinitro-6- 
naphthylamine, after recrystallisation from alcoholic pyridine, 
formed needles, m. p. 191° (Vesely and Jakes, loc. cit.). 

Nitration of p-toluenesulphon-8-nitro-8-naphthalide by the same 
method gave p-toluenesulphon-1 : 8-dinitro-8-naphthalide, m. p. 
221° (decomp.) (Found: C, 53-1; H, 3-5. C,,H,,0,N,8 requires 
C, 52:8; H, 3-4%), identified by hydrolysis to 1 : 8-dinitro-6- 
naphthylamine. p-Toluenesulphon-8-nitro-8-naphthalide, prepared 
from 8-nitro-$-naphthylamine, crystallised from acetic acid in 
needles, m. p. 139° (Found : C, 59-8; H,4-0. C,,H,,0,N,S requires 
C, 59-6; H, 4:1%). 

m-Nitrobenzenesulphon-8-naphthalide, prenend by the interaction 
of m-nitrobenzenesulphony! chloride and 8-naphthylamine, crystal- 
lised from acetic acid in long needles, m. p. 167—169° (Found: C, 
58-5; H,40. C,gH,.0,N,S requires C, 58-5; H, 3-7%). Nitrated 
in the usual way, this compound gave m-nitrobenzenesulphon-l : 6- 
dinitro-B-naphthalide, which formed small needles, m. p. 252° 
(decomp.) after recrystallisation from acetic acid (Found: C, 46-0; 
H, 2-5. C,gH,oO,N,S requires C, 45-9; H, 2.4%). This dinitro- 
derivative dissolved only very slowly in sulphuric acid to furnish 
1 : 6-dinitro-8-naphthylamine, m. p. 246° (above). 

Nitration of m-Nitrobenzenesulphon-1 : 6-dinitro-8-naphthalide.— 
3 G. were added slowly to nitric acid (d 1-5; 12 c.c.) and after } hour 
the solution was diluted with acetic acid (12 c.c.). The precipitated 
m-nitrobenzenesulphon-1 : 6 : 8-trinitro-8-naphthalide crystallised 
from acetic acid in almost colourless needles, m. p. 227° (Found: 
C, 41-2; H, 1-7. C,gH,O, 9N,S requires C, 41-4; H, 1-9%), and 
from pyridine in golden prisms, m. p. 212° (Found: C, 50-9; H, 
3-0. C,g.H,O, oN,8, 2C;H,N requires C, 50-3; H,3-1%). Hydrolysis 
with sulphuric acid gave 1 : 6: 8-trinitro-8-naphthylamine, m. p. 
300° (decomp.) after crystallisation from pyridine (van der Kam, 
Rec. trav. chim., 1926, 45, 564). 

m-Nitrobenzenesulphon-8-nitro-B-naphthalide, prepared by the 
interaction of 8-nitro-8-naphthylamine and m-nitrobenzenesulphony! 
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chloride in pyridine solution, crystallised from acetic acid in needles, 
m. p. 196° (Found: C, 51:3; H, 3-1. CjgH,,0,N,S requires C, 
51:5; H, 30%). This compound (3 g.) was added to nitric acid 
(d 1-5; 8 ¢.c.), and the resulting solution diluted with acetic acid. 
The precipitate was identical with the above-described m-nitro- 
benzenesulphon-| : 6 : 8-trinitro-8-naphthalide. 

BatTEeRsEA Potytecunic, 8.W. 11. [ Received, October 24th, 1929.] 





CCCLXXVI.—The Interaction of Nitroamines with 
Sulphonyl Chlorides. 


By Frank BELL. 


Most amines react with an equivalent amount of an aryl sulphonyl 
chloride in pyridine solution to give a quantitative yield of pure 
sulphonamido-derivative, but in two cases recently examined the 
product has been a mixed one. Both o-nitroaniline with m-nitro- 
benzenesulphonyl chloride and 1 : 8-dinitro-8-naphthylamine with 
p-toluenesulphony] chloride yield a mixture of mono- and di-sulphon- 
amido-derivatives. The constitution of the disulphonamido-com- 
pound is proved by preparation from the monosulphonamido- 
derivative by interaction with a further molecule of the sulphonyl 
chloride and also by hydrolysis to the originalamine. Thep-toluene- 
sulphonyl derivatives of aniline, B-naphthylamine, and p-aminodi- 
phenyl show little tendency to interact with a further molecule of 
p-toluenesulphony] chloride, although that of p-nitroaniline will do 
so, even if somewhat less readily than that of o-nitroaniline. The 
conclusion can be drawn that, although nitroamines react somewhat 
sluggishly with sulphonyl chlorides, the monosulphonamido- 
derivatives are easily converted into the disulphonamido-derivatives. 
It is suggested that the sluggishness of the primary reaction indicates 
some combination between nitro- and amino-groups and that the 
increased reactivity of the monosulphonamido-derivative is caused 
by the greater tendency towards ionisation of the amino hydrogen 
owing to the presence of the positive (electron-absorbing) nitro-group. 

The replacement of the hydrogen of the monosulphonamido- 
group by another sulphonyl radical enormously decreases the ease 
of substitution within the molecule. For instance, di-m-nitro- 
benzenesulphon-o'-nitroanilide could be recovered unchanged after 
solution in fuming nitric acid, whereas m-nitrobenzenesulphon-o'- 
nitroanilide was immediately converted into the o’p’-dinitro- 
derivative under the same conditions. Hence, arranging the groups 
in order of orienting influence, we have the series 


NH,>NH-SO,>NMeSO,>N(SO,), 
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and, very approximately, the group NH-°SO, is comparable in 
influence with the hydroxyl group and N(SO,), is comparable with 
the O-SO, group. 

If benzenesulphonamides are energetically nitrated, a nitro. 
group always enters the benzenesulphonyl part of the molecule. 
Although Reverdin and Crépieux (Ber., 1901, 34, 3000) state that 
p-toluenesulphon-p’-nitroanilide on solution in fuming nitrie acid 
yields p-toluenesulphon-o’p’-dinitroanilide, it is now shown that 
their product is m-nitro-p-toluenesulphon-o’p’-dinitroanilide. 


EXPERIMENTAL. 

Di-m-nitrobenzenesulphon-o' -nitroanilide——(a) —m-Nitrobenzene- 
sulphony] chloride (1 mol.) was added to o-nitroaniline in pyridine, the 
solution, after standing over-night, was poured into water, and the 
precipitate (m. p. ca. 155°) fractionally crystallised from benzene; it 
separated into pale yellow needles, m. p. 165°, of the slightly more 
soluble m-nitrobenzenesulphon-o’-nitroanilide (Found: C, 44-4; H, 
2-9. C,,H,O,N,S requires C, 44-6; H, 2-8%) and almost colourless 
prisms, m. p. 179°, of di-m-nitrobenzenesulphon-o'-nitroanilide 
(Found: ©, 42:4; H, 2-7. C,,H,,.0,9N,S, requires C, 42-3; H, 
24%). 

(b) By interaction of o-nitroaniline with m-nitrobenzenesulphony! 
chloride (2 mols.) in pyridine solution. 

The constitution was proved by hydrolysis as follows. 5 G. of the 
well-powdered material were left in contact with sulphuric acid 
(15 c.c.) for 4 hours, the suspension was poured into water, and the 
liquid filtered from unchanged substance and neutralised with 
ammonia. ‘The resulting precipitate was identified as o-nitroaniline. 
Di-p-toluenesulphon-o’-nitroanilide was obtained ‘in quantitative 
yield by the interaction of p-toluenesulphon-o’-nitroanilide with 
p-toluenesulphonyl chloride in pyridine solution. It crystallised 
from acetic acid in large prisms, m: p. 191° (Found : C, 53-9; H, 4-2. 
C,H, ,0,N_8, requires C, 53-9; H, 4-0%), and was readily hydrolysed 
by solution in concentrated sulphuric acid to give o-nitroaniline. 

m-Nitrobenzenesulphon-p’-nitroanilide, prepared by the interaction 
of p-nitroaniline and m-nitrobenzenesulphony! chloride in pyridine, 
erystallised from acetic acid in prisms, m. p. 180° (Found: (, 
44-8; H, 3-0. ©,,H,O,N,S requires C, 44-6; H, 2-8%). 

Di-p-toluenesulphon-p'-nitroanilide, prepared by the interaction 
of p-toluenesulphon-p’-nitroanilide and p-toluenesulphony! chloride, 
crystallised from’ acetie acid in plates, m. p. 219° (Found: C, 53:8; 
H, 41. C,,H,,0,N.S, requires C, 53-9; H, 4-0%). 

Di-p-toluenesulphon-1 : 8-dinitro-8-naphthalide.—(a) p-Toluenesul- 
phony! chloride (1 mol.) was added to 1 : 8-dinitro-f-naphthyl- 
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amine, after a week the solution was poured into water, and the 
precipitate separated by crystallisation from acetic acid into 
unchanged base, p-toluenesulphon-1 : 8-dinitro-8-naphthalide, yellow 
needles, m. p. 221° (Found: ©, 53:1; H, 35. C,,H,,0,N,8 
requires C, 52-8; H, 3-4%), and a very difficultly soluble, white, 
amorphous powder, m. p. 258° (decomp.), which was the slightly 
impure di-p-tolwenesulphonamido-derivative (Found: C, 52-7; 
H, 3-4. C,,H,,0,N,S, requires C, 53-3; H, 3-5%). 

(b) By the interaction of p-toluenesulphon-1 : 8-dinitro-f-naph- 
thalide with »-toluenesulphony] chloride in pyridine solution. 

The constitution was readily proved by hydrolysis. 1 G. was 
suspended in sulphuric acid (3 ¢.c.) and when dissolution had taken 
place (about 3 hours) the solution was poured into water; pure 
| : 8-dinitro-8-naphthylamine was then precipitated. 

m-Nitrobenzenesulphon-o'p’-dinitroanilide.—(a) m-Nitrobenzene- 
sulphon-p’-nitroanilide (2 g.) was added to nitric acid (10 c.c., d 1-5). 
The clear solution rapidly deposited needles of the dinitro-compound 
(2:4 g.), m. p. 210°, which could be recrystallised from acetic acid 
(Found : C, 39-4; H,2-4. C,,H,O,N,S requires C, 39-2; H, 2-2%). 

(b) m-Nitrobenzenesulphon-o’-nitroanilide, treated as in (a), 
furnished an identical result. 

p-Toluenesulphon-o'p'-dinitroanilide—(a) p-Toluenesulphon-p’- 
nitroanilide (2-5 g.) and nitric acid (d 1-42; 10 c.c.) were warmed 
on a water-bath for several hours. The product after repeated 
crystallisation from acetic acid furnished p-toluenesulphon-o'p’- 
dinitroanilide in needles, m. p. 161° (Found: C, 46-3; H, 3-2. 
C,,H,,0,N,8 requires C, 46-3; H, 3-3%). 

(b) p-Toluenesulphon-o’-nitroanilide, treated as under (a), gave 
the same product. 

This compound (1 g.) readily dissolved in nitric acid (d 1-5; 2-5 
c.c.). The solution was diluted with acetic acid, and the precipitated 
nitro-compound recrystallised from acetone; it then gave m-nitro- 
p-toluenesulphon-o’p’-dinitroanilide in long needles, m. p. 220°, 


BatTTERSEA Potytecunic, 8.W. 11. [Received, October 24th, 1929.] 





CCCLXXVII.—The Solubilities of o- and p-Nitro- 
phenols in Aqueous Methyl-alcoholic Solutions at 
25° and 40°. Formation of B-p-Nitrophenol. 

By James Cooper Dorr. 


Durine the course of another investigation, it was found that at 

room temperature p-nitrophenol was very soluble in aqueous 

formaldehyde solutions (20—40%), whereas o-nitrophenol dissolved 
5B 
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only sparingly. ‘This behaviour was traced to the presence of methyl 
alcohol in the formalin used, and as no data were available for the 
solubilities of these nitrophenols in aqueous methyl alcohol, they 
were investigated for the entire range of these mixed solvents at 
25° and 40°. 
Sidgwick, Spurrell, and Davies (J., 1915, 407, 1202) determined 

the solubilities of the three isomeric nitrophenols in water, and 
expressed the view that o-nitrophenol behaves abnormally in 
comparison with: the m- and p-isomerides. In aqueous methy] 
alcohol, a distinct difference is now found in the behaviour of o- and 
of p-nitrophenol. 

/ Fig. 1. 
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A new method for preparing the (-form of p-nitrophenol is 
described. 
EXPERIMENTAL. 


The methy] alcohol used was of AR quality (British Drug Houses, 
Ltd.), The o-nitrophenol was recrystallised from methyl alcohol, 
and the p-nitrophenol from water. A series of solvents was made 
from definite weights of the alcohol and water. For many of the 
determinations the following synthetic method was used, especially 
for those alcoholic solutions which yielded two or three solubility 
points. 

A weighed quantity of the solvent in-a stoppered weighing bottle 
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was maintained at 25° (or 40°) in a thermostat; nitrophenol was 
added until a trace remained undissolved, and from the increase in 
weight the solubility at that stage was calculated. Under certain 
conditions, an oily phase began to appear and two cases then arose. 
(1) Addition of o-nitrophenol was continued until some solid 
remained in the presence of the two layers after shaking, and the 
increase in weight was determined, the area ABCEA (Fig. 1) being 
thus obtained. (2) In the case of p-nitrophenol, addition of solute 
was continued either as in case (1) or until it just effected complete 
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miscibility of the two layers, corresponding to areas BCDB and 
AMNA (Fig. 2), and in the latter event, by still further addition up 
to the limit of solubility in the homogeneous mixture, the values 
represented by the curves CD and MN were increased to those on 
curves DE and NP, respectively. Some of the final results were 
checked by heating the requisite proportion of aqueous methyl 
alcohol and the nitrophenol in sealed tubes at the selected temper- 
ature. For some sections of the solubility curves certain modific- 
ations are described under the appropriate headings. 
o-Nitrophenol.—(a) Soluhilities at 25°, Exeess of o-nitrophenol 
was shaken with the aqueous-alcoholic solutions at 25° in a thermo- 
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stat. A weighed quantity of each saturated solution was allowed 
to evaporate at room temperature in a desiccator, first over calcium 
chloride and finally over phosphoric oxide, and the residue weighed. 
To prevent the o-nitrophenol volatilising, a considerable quantity 
of this compound was kept in the desiccator to saturate the air space 
with its own vapour. The results obtained are in Table I (where 
S is the solubility as g./100 g. of solution), and the corresponding 
curve in Fig. 1 presents no unusual features. During solution at 
25° the o-nitrophenol did not form any oily liquid phase. 


TABLE I. 
Temp. = 25°. 


MeOH, % ... 0 30 = 40 70 75 80 85 90 95 100 
S 0-25 O8 O97 825 11:15 15-1 19-9 26-9 341 42:3 


(b) Solubilities at 40°. For concentrations of methyl alcohol up 
to 30%, the same method as for 25° was used. For solvents con- 
taining 35—83% of methyl alcohol, the synthetic method (p. 2791) 
was used, and for those containing 84—100°%, of alcohol the solubility 
of o-nitrophenol was so great as to necessitate the use of the following 
method : no separation into two liquid phases occurs in the last 
range. 5 G. of o-nitrophenol and 0-12 g. of alcoholic solution were 


heated in a sealed tube at 45° until most of the solid had liquefied, 
and then maintained at 40° for several hours until the liquid was 
completely in equilibrium with the solid. A weighed quantity of 
the liquid was then evaporated as described for the 25° estimations. 
The results at 40° are in Tables II (Curve AECD) and III (Curve 
ABC). Since Table III refers mainly to two liquid phases, the 
results would have been expressed more correctly as g. of o-nitro- 
phenol in 100 g. of solvent, but owing to the high values, the data 
in their present form are more suitable for plotting the curves in 
Fig. 1. 
TaBxe ITI. 
Temp. = 40°. 
30 35 40 50 60 
21 25 31 56 84 
82 83 84 87 90 
50-5 63-2 725 96-4 96-3 96:3 
TaBie III. 
Temp. = 40°. 
40* 50* 60* 70* 75* 
55 25:3 55:0 785 90-0 93:3 
* Two liquid phases remain at end-point. 
t Two liquids become miscible at end-point. 
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From Fig. 1 it will be seen that the area ABCA represents the 
field in which two liquid phases can exist, and their formation 
appears to be limited (at 40°) to solvent with a range of 35—84% 
of methyl alcohol. 

p-Nitrophenol.—(a) Solubilities at 25°. For solutions containing 
0—12% of methyl alcohol, weighed portions of the prepared 
saturated solutions were evaporated at 80° and finally in a desiccator. 
In solutions ranging from 12-5 to 32:5% of methyl alcohol, 
p-nitrophenol produces two liquid phases, and the synthetic method 
(p. 2791) was used for the determinations which give the area BCDB 
in Fig. 2. For the range 33—100% of alcohol no oily layer appears 
during solution of p-nitrophenol, and the same method was used. 
The complete results for 25° are in Tables IV, V, and VI, which 
relate respectively to curves ABC and EF, BD and CD, and DE in 
Fig. 2; S’ is the solubility as g./100 g. of solvent. 


TABLE IV. 
Solubility. Solubility. 
a, 


MeOH, %. S’. 
30 56-1 
31-5 72-4 
32°5 92-3 
33 215-0 
35 219-5 
40 233-1 
70 265-6 

100 285-3 
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TABLE V. 
12-5* 15* 17-5* 20* 23 26 30f 31-5¢ 32-5 
14-1 61-5 93-2 134-5 182-6 176-0 138-3 123-9 92-3 
* Two liquid phases at end-point. f One liquid phase at end-point. 


TaBLe VI. 

25 30 31-5 32-5 

65-5 67-3 67-4 68-0 

182-6 190-2 205-3 207-1 211-6 
It will be seen that, at 25°, the formation of two liquid phases by 
p-nitrophenol in aqueous methyl alcohol only occurs in solvents 
containing between 12 and 32-5% of methyl alcohol. The 23% 
methyl-alcoholic solution is the weakest solvent in which two 
liquid phases can be made completely miscible at 25° (point D) by 
further addition of p-nitrophenol. Since BD is a straight line (see 
Table V), the two saturated liquid phases are composed of the 
saturated aqueous solution for 12% alcohol and the oily saturated 
solution for 23% alcohol. Thus a 20% alcoholic solution will 
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behave, at 25°, ori addition of sufficient p-nitrophenol, as an equili- 
britim mixture of 12 and 23% alcoholic solutions. The two liquid 
phases ate both saturated along the line BD. The area BCDB is 
the field in which two liquid phases coexist. 

(b) Solubilities at 40°. For 0--15% methyl-aleoholic solutions, 
the results in Table VII were obtained by evaporation of saturated 
solutions, formation of an oily phase being avoided. All other 
solubility results (Tables VII, VIII, and TX) were obtained by the 
synthetic method already described. Table VII gives the results 
for saturated solutions formed without a second liquid phasé first 
appearing. 

Tassie VII. 
(Curves AM and PQ, Fig. 2.) 
Solubility. Solubility. 
ee 
McOH, %. 
ae 


27°5 
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TaBLE VIII. 

(These results indicate the minimum amount of p-nitrophenol 
required to make two liquid phases miscible. See curve MN, 
Fig. 2.) 

Solubility. Solubility. 
on Nomen, 


MeOH, %. 
0 


‘ 


3 
+ 
5 
0 


1 


TABLE IX: 


(These results were obtained by saturation of the solutions 
of Table VIII. Sée curve NP, Fig. 2.) 


Solubility. Solubility. 
MeOH, %,. 8. 8. 8. s. 
0 3 275-8 
‘1 286-1 
‘8 296-4 
9 297-0 


I» 246-0 73: 
3 l- 250-2 7 
4 1- 253-4 7 
5 1- 256-3 7 

10 2: 266-1 


From Fig. 2, it will be seen that the area AMNA is the field within 
which two liquid phases are possible at 40°. When the solvent 
éontains more than 26% of methyl alcohol, only one liquid phase 


8 
4 
q 
+ 





we ee Oe EO OO 


IN AQUEOUS METHYL-ALCOHOLIO SOLUTIONS, ETC. 2795 


is possible, but when it contains less alcohol there are two solubility 
values for p-nitrophenol at this temperature. The lowest temper- 
ature at which there can be two solubility values for p-nitrophenol 
in water was found by Sidgwick, Spurrell, and Davies (loc. cit.) to 
be 39-6°. 

Discussion of Results. 

The fact that o-nitrophenol in aqueous methyl-alcoholic solution 
behaves quite differently at 40° and at 25° may be largely due to 
the temperature of 40° being close to the melting point (44-3°) of 
this compound. Unlike p-nitrophenol, the -o-isomeride at 40° 
forms two liquid phases only in higher concentrations of aqueous 
methyl alcohol. The maximum solubility is reached in 84% 
methyl alcohol, a solvent agteeing in composition with 3CH,0,H,O 
(Cale, : CH,O, 84-1%). 

The evidence for hydrates of methyl alcohol is supported by the 
work of Dunstan and Thole (J., 1909, 95, 1559) and of Varenne 
and Godefroy (Compt. rend., 1904, 138, 990). On the other hand, 
Pushin and Glagoleva (J., 1922, 121, 2813) give evidence against 
hydrate formation. 

It is possible that p-nitrophenol in aqueous methyl-aleoholic 
solution may be capable of combining with definite molecular 
proportions, depending on temperature, of water and methyl 
alcohol. The following table of instant points from Fig. 2 illustrates 
this possibility. 

Point. MeOH, %. Possible hydrate. 
. = “09 
Bi gigas = neg mo 
23-0 CH,0,6H,O = 23-9% ,, 
12-0 CH,0,12H,O = 129% }° 

The behaviour of p-nitrophenol in aqueous solutions of other 
organic solvents is under investigation and may lead to more definite 
conclusions. 

The curves in Fig. 2 are similar in character to that obtained by 
Sidgwick, Spurrell, and Davies (loc. cit.) for the solubility of p-nitro- 
phenol in water over a wide range of temperature. Increase of 
temperature, therefore, has the same influence as increase in the 
methyl alcohol concentration. 

8-p-Nitrophenol.—During the solubility experiments with p-nitro- 
phenol, it was found that when the saturated oily solutions were 
left to cool in the thermostat very slowly from 25° or 40°, the 
resulting crystals were rhombic. They were apparently the f-form, 
since on exposure to sunlight they rapidly turned red. This method 
of preparation is more convenient than those mentioned by Barker 
(P., 1911, 27, 168) and by Sidgwick (J., 1915, 107, 672). If the oily 
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solutions are cooled quickly, it is mainly the «-form which separates, 
Whether the existence of «- and $-forms of p-nitrophenol can account 
for the special character of its solubility curves requires further 
investigation. , 

The author’s thanks are due to Mr. E. J. Bills, M.Sc., for. valuable 
help in the earlier stages of the work. 
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CCCLXXVIII.—Isolation of Crystalline a- and B-Ethyl- 
glucofuranosides (y-Ethylglucosides) and Other 
Crystalline Derivatives of Glucofuranose. 


By WatTeR Norman HawortH and CHARLES RAYMOND PoRTER. 


FoLLowInG upon Fischer’s discovery of y-methylglucoside, unusual 
interest has been manifested in this novel variety of sugar derivative. 
Isolated as an uncrystallisable syrup possessing exceptional proper- 
ties, y-methylglucoside was clearly differentiated from the normal 
type represented by the crystalline «- and §-methylglucosides. 
Whilst the latter were analogous in constitution to «- and 8-glucoses, 
the y-glucoside appeared to be structurally related to a new form of 
glucose which had not been isolated. The method adopted by 
Fischer for the preparation of y-methylglucoside did not exclude 
the possibility of the presence of traces of the normal «- and 8-forms 
as impurity, and as ordinarily obtained these are undoubtedly 
present. Hitherto it has not been found possible to isolate the 
y-glucosides as pure crystalline compounds. 

Recent experiments in this laboratory have demonstrated 
(Haworth, Hirst, and Miller, J., 1927, 2436) that y-glucosides and 
their derivatives are constituted as five-atom ring forms, to which 
the name furanoses has been given, and this class of sugar differs 
from the commoner six-atom ring fornis, which are designated the 
pyranoses. Tothe latter type belong the crystalline «- and 6-methyl- 
glucosides, which are consequently described as «- and §-methyl- 
glucopyranosides. 

The formulation of the hypothetical y-glucose as a glucofuranose 
requires for its complete expression the representation of two 
stereoisomeric forms of the sugar and of its alkylglucosides. 

Two such stereoisomeric forms have now been isolated as crystal- 
line substances. These are «-ethylglucofuranoside (VIII) and 
8-ethylglucofuranoside (VI), and their physical properties are here 
contrasted with the structurally different pair of stereoisomerides 
represented by the common «- and §-ethylglucopyranosides which 
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were obtained by Fischer (Ber., 1895, 28, 1154) and by Bourquelot 
and Bridel (Compt. rend., 1912, 155, 86) : 


Ethylglucofuranoside (y-variety) : M. p. [a]. 


a-Modification 82— 83° + a} . o 
8-Modification 5600-02 7gg! fA 188 


Ethylglucopyranoside (normal variety) : 

= feartnain ac 

It is noteworthy that the range of the specific rotations exhibited 
by the parallel pairs is almost identical. This is represented by an 
interval of 184° and 183-7° respectively, and it is evident that to this 
extent the new pair of stereoisomerides conforms to the statistical 
rule for the ‘‘ A ” position at carbon atom 1, as originally enunciated 
by C. S. Hudson (J. Amer. Chem. Soc., 1926, 48, 1434). This 
author’s more recent views have favoured the allocation of a five- 
atom ring structure to the normal variety, and he has credited the 
six-atom ring structure to a second hypothetical pair, for which he 
has calculated other rotational values. He remarks that the 
isolation of such a pair of isomerides possessing those rotations 
would be the best answer to objections which might be raised. 
Conversely, it can be said that the isolation of a pair of isomerides 
having rotations of different magnitude from those allotted would 
disprove his contention. We have now provided the necessary 
evidence by the isolation of this second pair of «- and §-ethyl- 
glucosides, which are seen to have the five-atom ring structure which 
Hudson allocates to the previously existing pair. This result is 
sufficient to invalidate the arguments based on the tables of 
“epimeric differences’? which Hudson advanced as his chief 
evidence for the older ring structure of the normal forms of «- and 
8-methylglucosides (compare Haworth and Hirst, J., 1928, 1221). 

In the determination of ring structure in the sugar group methyl- 
ation methods, involving the use of alkali and methyl sulphate, 
have been largely applied. We have in no case experienced any 
tendency for the oxide ring of a glucoside to be displaced by this 
procedure, although we have emphasised the fact that acids do, under 
well-recognised conditions, effect ring displacements in glucosides 
and sugars. 

There can be no doubt as to the facts that the normal forms of «- 
and $-methylglucosides give rise, on methylation either by the 
Purdie method or by the use of alkali and methyl sulphate, to 
methylated derivatives which are six-atom ring forms. Hudson’s 
contention seems to depend on the assumption of a change, during 
this methylation process, of ring structure from a five-atom to a 


six-atom ring. It is, however, equally well established that the 
5 B2 
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y-methylglucosides give rise on methylation by the same reagents to 
methylated derivatives which are five-atom ring forms. Here 
Hudson’s views require the hypothesis that ring displacement in this 
second case has occurred in the other direction, from a six-atom 
ring to a five-atom ring. Since the above methylations proceed 
almost quantitatively, the same experimental conditions can 
scarcely be responsible for both ring changes in opposite directions, 
Our theoretical position is the simple and natural one, that the 
experimental facts are consistently clear and convincing, and 
require no conception so hypothetical or accommodating as ring 
displacement for their rational interpretation or acceptance. Were 
such a displacement to occur, it would be amenable to experimental 
detection, since in the above examples it would lead to an equilibrium 
mixture containing each type of ring compound, and these are 
readily identified by their marked difference in properties. There is 
indeed on record in the literature one example of a ring change 
from y-methylmannoside to «-methylmannoside, occurring either 
spontaneously or on the application of methylation agents in an 
alkaline medium (Irvine and Burt; J., 1924, 125, 1343). But we 
are convinced, by experiments which will be communicated later, 
that in these observations the authors have mistaken the nature of 
their products. We have been interested in this example because, 
hitherto, we have derived the constitution of y-methylmannoside 
solely from a study of the lactone obtainable from -y-mannose- 
diacetone (Goodyear and Haworth, J., 1927, 3136). Even if Irvine 
and Burt’s observation had received confirmation, this or any other 
solitary example of ring displacement would not invalidate the 
constitutional arguments we have developed, inasmuch as the 
glucosides of individual sugars have been separately investigated in 
the many cases included in our purview. There appears to be, 
however, no authentic case on record of ring displacement in an 
alkylglucoside by the agency of alkaline solutions. 

For the above and other reasons we decided to attempt the 
formation of homogeneous ethylglucosides in the y-glucose series by 
selecting methods which would involve the application of alkali in 
the final stages of the isolation. If any tendency existed for dis- 
placement of a five-atom ring to a six-atom ring, then we should 
expect to find evidence of it from the character of our products; 
especially as it is a comparatively simple matter to detect such 4 
change experimentally. Such evidence is, however, entirely lacking. 

If it be the case, as C. S. Hudson suggests, that the normal varieties 
of a- and,$-alkylglucosides are five-atom ring forms, then by the 
experimental procedure we have adopted we shouid expect to obtail 
these normal forms and not the labile or y-forms of the alkylgluco- 
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sides, since glucose-acetone carbonate, the initial substance we have 
used in these transformations, resembles in structure glucose- 
diacetone, which possesses in its sugar nucleus a five-atom ring 
(Freudenberg and Brauns, Ber., 1922, 55, 3233; Freudenberg and 
Doser, Ber., 1923, 56, 1243; Levene and Meyer, J. Biol. Chem., 
1922, 54, 805; 1928, 57, 317; 1924, 60, 173; Anderson, Charlton, 
and Haworth, this vol., p. 1329). It is evident that the new alkyl- 
glucosides belong to the y-glucose (glucofuranose) series, since they 
are Clearly differentiated both in physical and in chemical properties 
from the alkylglucosides of the normal (pyranose) series, and 
resemble closely y-methylglucoside. But the final proof of the 
constitution of pyranose and furanose forms is reached quite 
independently of the structure allocated to glucose-diacetone. 

Glucose-diacetone was converted into glucose-monoacetone by 
acetic acid, and the positions previously occupied by the eliminated 
acetone residue were re-occupied when the glucose-monoacetone 
(I) was condensed with carbonyl chloride in acetone solution, which 
led to the introduction of a carbonate group. This crystalline 
product, glucose-acetone carbonate (11), is hydrolysable by dilute acids 
to give the crystalline glucose 5 : 6-monocarbonate (VII), which is 
the first authentic crystalline derivative of glucofuranose (y-glucose) 
possessing a free reducing group. From this compound the crystal- 
line phenylosazone and anilide were prepared, and when the carbonate 
residue was eliminated from these two derivatives they reverted to 
the ordinary glucosazone and glucose-anilide. 

When the acetone residue in glucose-acetone carbonate was 
removed by an alcoholic solution of hydrogen chloride or sulphuric 
acid, the alkylglucosides of the monocarbonate were obtained, and 
the 6-form was at once isolated as the crystalline substance. In this 
way we have prepared the compounds (III-V1) indicated on p. 2800. 

The $-methyl- and 6§-ethyl-glucoside carbonates were readily 
isolated at this stage as homogeneous crystalline forms. 

The a- and §-ethylglucofuranoside 5 : 6-monocarbonates also gave 
rise, in contact with acetic anhydride and pyridine, to their crystal- 
line diacetyl derivatives. By repeated crystallisation of crude 
diacetyl-«-ethylglucofuranoside 5 : 6-monocarbonate we were able 
to ensure its separation from the @-isomeride. Digestion of this 
diacetyl-«-isomeride with hot barium hydroxide solution effected 
the simultaneous removal of the acetyl and carbonate residues with 
formation of the crystalline «-ethylglucofuranoside (VIII). 

Returning now to the 6-ethylglucofuranoside 5 : 6-monocarbonate 
(IV), we found that elimination of the carbonate residue by sodium 
hydroxide led to the isolation of crystalline 6-ethylglucofuranoside 
(VI). The «- and @-ethylglucofuranosides have properties corre- 
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sponding to those of y-glucosides and these are given in detail in the 
experimental section. It is seen that they undergo rapid and 
complete hydrolysis with N/100-hydrochloric acid during } hour at 
95°. Under these conditions the «- and @-ethylglucopyranosides 
are not appreciably changed. 

An indication of the structure of the glucose-acetone carbonate 
from which the present series of compounds is derivable was revealed 
by the following series of transformations. The introduction of a 
p-toluenesulphonyl residue into glucose-acetone carbonate was 
followed by the elimination of the carbonate residue with the aid of 
barium hydroxide. This gave 3-p-toluenesulphonylglucose-mono- 
acetone, and into this compound a second acetone residue was 
subsequently introduced. The product was identical with the 
crystalline p-toluenesulphonyl derivative of glucose-diacetone. It 
would thus appear that, since glucose-diacetone has been shown to 
possess a furanose structure, the same structure can be allocated also 
to glucose-acetone carbonate and to glucofuranose 5 : 6-mono- 
carbonate, as well as to the two isomeric forms of ethylgluco- 
furanoside. 

Although acid reagents have been utilised in some of the above 
reactions, the 5-position has been closed, owing to the presence of 
the carbonate residue, to the entry of other groups during this acid 
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treatment. In order to supplement these arguments an independent 
proof of ring structure of the glucofuranosides is provided in the 
oxidation of the methylated methylglucofuranoside to 2:3: 5: 6- 
tetramethyl y-gluconolactone, and finally to d-dimethoxysuccinic 
acid, which is characterised as the crystalline methylamide (Haworth, 
Hirst, and Miller, loc. cit.). 


EXPERIMENTAL. 


Glucose-acetone Carbonate (II).—(a) From glucose. Gaseous 
carbonyl chloride was admitted to a suspension of glucose (8 g.) in 
dry acetone (70 c.c.), the operation being accompanied with vigorous 
mechanical stirring until all the glucose had dissolved (3 hours). 
After being kept over-night, the solution was neutralised by agitation 
with basic lead carbonate and filtered, and the residue washed with 
acetone. The combined filtrate and washings were evaporated 
nearly to dryness at 35°, and again filtered. The crystalline solid 
deposited (3 g.) was recrystallised from ethyl alcohol and gave 
colourless needles, which sintered at 215° and melted and decom- 
posed with effervescence at 223—224°. [«]%;, —36° (Found : 
C, 48-7; H, 6-0; CO,, 177; M, 250. C,)H,,0, requires C, 48-8; 
H, 5-7; CO,, 17-9%; M, 246). 

The substance gave with barium hydroxide solution an immediate 
precipitate of barium carbonate and formed iodoform when warmed 
with hydrochloric acid and subsequently treated with alkali and 
iodine. It did not reduce Fehling’s solution before hydrolysis with 
dilute acid. These properties are in agreement with those required 
for a glucose-acetone carbonate. 

From the original acetone mother-liquor, glucose-monoacetone 
(3 g.) and glucose-diacetone (1 g.) were obtained together with 
unchanged glucose and a small amount of a syrupy product. 

(b) From glucose-monoacetone. The procedure was as in (a), 
glucose-monoacetone being the initial material. The yield was 
similar to that mentioned above, 8 g. of the monoacetone yielding 
3 g. of crystalline glucose-acetone carbonate. The close structural 
relationship of the latter substance to glucose-monoacetone was 
illustrated by the ease with which, in contact with aqueous alkali, 
the acetone-carbonate was converted into crystalline glucose- 
monoacetone. 

p-Toluenesulphonyl Derivative of Glucose-acetone Carbonate.— 
Glucose-acetone carbonate (0°35 g.) was gradually dissolved in 
pyridine (0-7 c.c.) containing p-toluenesulphonyl chloride (0-41 g.) 
and the solution was heated at 60° during 3—4 hours. Addition of 
water precipitated an oil which solidified; after being washed with 
water and recrystallised five times from ethyl alcohol, this gave 
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colourless needles (0:42 g:), m. p. 103—105°. The yield was 75% of 
the theoretical. [«]3;, —36°, [«];%; —39° in acetone (c, 0-6) (Found : 
C, 51-:1;:H, 5-15. C,,H,,0,8 requires C, 51-0; H, 5-05%). 

Conversion of p-Toluenesulphonylglucose-acetone Carbonate inio 
p-Toluenesulphonylglucose-diacetone.—The above derivative of 
glucose-acetone carbonate (0-75 g.) was dissolved in aqueous alcoho] 
(50% by volume), and to the warm solution N /3-barium hydroxide 
(1 mol.) was slowly added. The solution did not at any period 
become more than very faintly alkaline. The filtered solution was 
evaporated to dryness under diminished pressure, and the residue 
dissolved in a mixture of ether and water. The aqueous layer 
yielded a little glucose-monoacetone, and the ethereal layer gave a 
transparent glass (Ohle and Dickhauser, Ber., 1925, 58, 2593). 
The latter was separated, and vigorously shaken with acetone and 
anhydrous copper sulphate for some time. From this solution 
there was isolated in almost theoretical yield the crystalline 
p-toluenesulphonylglucose-diacetone, m. p. 120—121° either alone 
or in admixture with a specimen which had been prepared direct 
from glucose-diacetone (Freudenberg and Ivers, Ber., 1922, 55, 929). 

Preparation of 8-Ethylglucofuranoside 5 : 6-Monocarbonate: (IV).— 
To a rapidly cooled solution of glucose-acetone carbonate (2-75 g.) 
(dissolved by boiling in 150 c.c. of ethyl alcohol which had been dried 
over calcium), ethyl-alcoholic hydrogen chloride (21 ¢.c. of 5N) was 
rapidly added, thus making the concentration of acid 2-25% and 
that of the sugar derivative 1-6%%. By rapid cooling of the alcoholic 
solution the glucose-acetone carbonate separated in minute crystals 
which redissolved on heating for 1 hour at 45—50°. The subsequent 
reaction was followed polarimetrically. A point of inflexion was 
observed in the rotation—-time curve usually after about 6—8 hours, 
when the rotation was still slightly negative. Beyond this stage 
positive rotations were quickly reached, and in order to avoid the 
latter condition the solution was immediately neutralised with silver 
carbonate, and the filtrate evaporated at 35° under diminished 
pressure. The syrupy residue crystallised partly and was dissolved 
in ethyl aleohol containing dry ether. From the solution, -ethyl- 
glueofuranoside 5: 6-monocarbonate crystallised. This substance 
was extremely soluble in water, ethyl alcohol; acetone, and chloro- 
form, but sparingly soluble in dry ether. It was best purified from 
ether which had not been specially dried, and separated in long silky 
needles on cautious addition of light petroleum. The ethylgluco- 
furanoside 5 : 6-monocarbonate sintered and melted at 164—165”, 
and showed [a]j3;, —50-6°, [«]i%, —55-0° (c, 1-1 in water) (Found: 
C, 46-2; H,6-0; OEt, 19-1; CO,, 17-6. C,H,,0, requires C, 46-15; 
H, 6-05; OEt, 19-25; CO,, 18°7%). 
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The mother-liquors from the above crystallisations yielded a 
crystalline mixture of «- and 8-forms which were separated as the 
diacetyl derivatives as follows : 

2 : 3-Diacetyl-a-ethylglucofuranoside 5:6-Monocarbonate and the 
Corresponding B-Isomeride.—When as much as possible of the 8-ethyl- 
glucofuranoside 5 : 6-monocarbonate had been separated from the 
mixture, obtained by the action of acid ethyl alcohol on glucose- 
acetone carbonate, the mother-liquors were evaporated to a syrup, 
and from this further crystals gradually separated. These were 
recrystallised from ethyl acetate or alcohol and ether until a constant 
m. p. 120—122° was reached and the rotation observed was [«]?5 
4+. 41°. This substance was obviously a mixture of a- and 8-forms 
of ethylglucofuranoside 5 : 6-monocarbonate and possibly a little 
impurity. The mixture was acetylated by dissolving it in pyridine 
containing acetic anhydride, and the solution was heated for 2 hours 
on a water-bath and then diluted with water. A crystalline solid 
separated immediately; this was collected and recrystallised from 
ethyl alcohol, aqueous alcohol, or water, forming large spangles, 
m. p. 159—160° (with slight decomposition and previous sintering 
at 155°). This was found to be 2 : 3-diacetyl-«-ethylglucofuranoside 
5 : 6-monocarbonate, [«]2;, ++ 148°, [a], + 157° in acetone (c, 1-71) 
(Found : C, 48:8; H, 5-9. C,,H,,0, requires C, 49-0; H, 5-7%). 

The corresponding $-isomeride was obtained in the same manner, 
but it crystallised at first with difficulty (yield, 85° of the theo- 
retical). 2: 3-Diacetyl-B-ethylglucofuranoside 5 : 6-monocarbonate 
was considerably more soluble than the «-isomeride, and crystallised 
from aqueous alcohol in colourless needles, m. p. 79—81°; [a«}3;, 
— 39°, [«]35, — 42° in acetone (c, 0-93) (Found: C, 49-1; H, 5-6; 
OEt, 13-55. C,,H,.0, requires C, 49-0; H, 5-7; OEt, 14-15%). 

a-Lthylglucofuranoside (VIII).—A solution of the above-mentioned 
2 : 3-diacetyl-«-ethylglucofuranoside 5 : 6-monocarbonate in acetone 
was diluted with water and heated on a water-bath with an excess 
of barium hydroxide solution. The excess of barium hydroxide was 
neutralised by carbon dioxide and after evaporation of the solution 
under diminished pressure the residue was extracted with boiling 
alcohol. The filtered extract was again evaporated, and extracted 
with ethyl acetate. On evaporating this to dryness and again 
extracting the residue with ethyl acetate, an almost ash-free product 
was obtained which crystallised from ethyl acetate, containing a 
little ethyl alcohol, in colourless needles, m. p. 82—83°; [«]#+106°, 
(af, + 116°, [a}® + 98° in water (c, 1-58) (Found: C, 46-1; 
H, 80; OEt, 20-05. C,H,,0, requires C, 46-1; H, 7-75; OEt, 
216%). The «-ethylglucofuranoside was stable in contact with 
Fehling’s solution or cold dilute permanganate for a period of several 
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hours, but was completely hydrolysed in } hour on being heated with 
N/100-hydrochloric acid. 

8-Ethylglucofuranoside (VI).—The above §-ethylglucofuranoside 
5 : 6-monocarbonate was dissolved in N /4-sodium hydroxide solution 
(exactly 2 mols, of NaOH). The initial rotation (— 82-5°) did not 
change after the solution had been kept in the cold for several hours. 
The solution was now evaporated to dryness under diminished 
pressure at 35°, and the residue extracted several times with ethy| 
acetate. Evaporation of this solution led to a viscid residue which 
crystallised when kept in a vacuum desiccator containing phosphoric 
oxide. It was very hygroscopic. The recrystallisation was effected 
by dissolving the crystals in dry ethyl acetate containing a trace of 
ethyl alcohol and then adding dry ether until a slight turbidity 
appeared. The solution was now kept for some days at — 10°; 
large clusters of crystals had then accumulated (yield, 85—90°%). 
These were washed twice with dry ethyl acetate, drained on porous 
tile, and kept over phosphoric oxide in a vacuum. 8-Ethylgluco- 
furanoside had the following properties : [«]#*" — 86°, [a}% — 93°, 
[a]; — 101° (c, 0-9 in water) (Found: C, 46-2; H, 7-55; OEt, 
21:2%). The pure substance was stable to and recoverable un- 
changed from hot alkali (15%), but easily hydrolysed by N/100- 
hydrochloric acid at 90°, the hydrolysis being accompanied by the 
following rotation changes: [«]se) — 91° (initial), — 26° (5 mins.), 
— 9° (8 mins.), + 17° (12 mins.), ++ 28° (16 mins.), + 38° (20 mins.), 
-+ 43° (25 mins.), + 46° (30 mins.), + 49° (40 mins.). The last 
value, calculated as for glucose, corresponds to [a], -+- 55°. A 
comparison was made with Fischer’s y-methylglucoside, which, 
under these conditions, was hydrolysed at a similar rate, §-Ethy]- 
glucofuranoside was not affected by dilute permanganate over a 
period of several hours, or by Fehling’s solution. 

8-Methylglucofuranoside 5:6-Monocarbonate (III).—Glucose- 
acetone carbonate (1 g.) was dissolved in methyl alcohol (25 c.c.) 
containing concentrated sulphuric acid (0-3 ¢c.c.). The solution was 
kept at 45° and the reaction, which was followed polarimetrically, 
appeared to be complete after 5 hours. The solution was now 
neutralised with barium carbonate, filtered, and evaporated to 
dryness under diminished pressure, and the residue extracted with 
dry methyl alcohol. A small amount of barium methyl sulphate 
was removed, and the remaining product recrystallised by addition 
of dry ether to the methyl-alcoholic solution. §-Methylgluco- 
furanoside 5 : 6-monocarbonate, m. p. 143—145° (with efferv.), was 
extremely soluble in ethyl alcohol or water and less so in chloroform, 
benzene, or ether. [a«]%,, — 66°, [a%, — 75° (c, 0-7 in water) 
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(Found: C, 43:8; H, 55; OMe, 14:15; CO,, 193. C,H,,0, 
requires C, 43-6; H, 5-5; OMe, 14-1; CO,, 200%). 

Glucofuranose 5:6-Monocarbonate (VII)—(a) From  8-ethyl- 
glucofuranoside 5: 6-monocarbonate. 1 G. of this substance was 
dissolved in 100 c.c. of N /50-hydrochloric acid, and the solution kept 
at 80° during 50 minutes. When the rotation had become constant, 
the solution was neutralised with silver carbonate and evaporated 
to small bulk under diminished pressure at 30° and the residue was 
extracted with boiling ethyl alcohol. This solution was filtered and 
evaporated to small bulk under diminished pressure; crystals then 
separated, m. p. 182—183° with efferv. (sintering at about 170°). 

(b) From 8-methylglucofuranoside 5: 6-monocarbonate. This 
material (1 g.) was dissolved in N/100-sulphuric acid (38 c.c.). The 
solution was kept at 91—93° during 2 hours; the rotation had then 
become constant. The solution was neutralised with barium 
carbonate, filtered, and evaporated to dryness, and the residue 
recrystallised from ethyl alcohol; it formed large colourless crystals, 
m. p. 182—183°. 

Glucofuranose 5 : 6-monocarbonate was sparingly soluble in ethyl 
alcohol, but more soluble in acetone or water. It reduced Fehling’s 
solution actively, decolorised potassium permanganate solution in 
the cold, but did not restore the colour to Schiff’s reagent. [«]#fa 
+ 18° (c, 0-8 in water); probably this represents the equilibrium 
value, since mutarotation had apparently been instantaneous; no 
change of reading could be observed from that shown 2 minutes 
after dissolution in water. 

(c) From glucose-acetone carbonate. This material (1-9 g.) was 
dissolved in ethyl alcohol (50 c.c.) containing concentrated hydro- 
chloric acid (2-5 c.c.), and the solution was heated at 70—75° during 
40 minutes. It was then evaporated at 45° under diminished 
pressure, 100 c.c. of water being gradually added so that the volume 
did not diminish below 50 c.c. The resulting solution showed 
[]sso -+ 15°, and after neutralisation with silver carbonate it was 
concentrated under diminished pressure, treated with charcoal, and 
evaporated to dryness. The residue was extracted with hot methyl 
alcohol, and from this solution glucofuranose carbonate (1-2 g.) 
crystallised on cooling (yield, 75% of the theoretical). This 
specimen of glucofuranose 5 : 6-monocarbonate had the same proper- 
ties as those indicated for each of the above two preparations 
(Found: C, 41-0; H, 4:9. C,H,)0, requires C, 40-8; H, 49%). 

Phenylosazone of Glucofuranose 5 : 6-Monocarbonate.—To gluco- 
furanose monocarbonate, dissolved in warm water, was added 
phenylhydrazine (3 mols.) in a slight excess of acetic acid; a little 
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sodium acetate was also introduced to reduce acidity. After the 
solution had been kept at 100° for 30—40 minutes and then cooled, 
a yellow crystalline solid separated which corresponded to about half 
the weight of the glucofuranose monocarbonate used. It appeared 
to be equally soluble in hot and cold alcohol, but crystallised readily 
from aqueous alcohol in felted masses of yellow needles, m. p. 
202—-203° (variable with the rate of heating) (Found: C, 59-35; 
H, 5-4; N, 14-3. C,,H,,0,N, requires C, 59-35 ; H, 5-25; N, 146%), 
The properties were in agreement with those expected for the 
phenylosazone of glucofuranose monocarbonate. It is almost 
insoluble in water, but gave a precipitate of barium carbonate when 
heated with aqueous barium hydroxide. The phenylosazone 
showed mutarotation in pyridine solution, [«j#j, changing from 
+ 103° to — 48° after 4 days. At this stage the solution had 
darkened and further readings could not be recorded. Treatment 
of the osazone with a boiling solution of barium hydroxide, followed 
by rapid filtration of the barium carbonate, led to the crystallisation 
from the solution of glucose phenylosazone (m.. p. 205—206°), 
identical with that prepared from ordinary glucose. 

Anilide of Glucofuranose 5 :6-Monocarbonate.—The monocarbonate 
was dissolved in a little hot alcohol, and freshly distilled aniline 
(3 mols.) was introduced. The solution, after being heated for 3 
hours, was allowed to evaporate; the residue crystallised. This was 
obtained almost pure by washing with alcohol. The anilide was 
insoluble in most organic solvents, slightly soluble in ethyl acetate, 
and more soluble in ethyl alcohol. From either of the latter it could 
be crystallised in needles, sintering at 175° and decomposing at 180° 
(Found : C, 55-75; H, 5:5. C,,H,,0,N requires C, 55-5; H, 5-4%). 
Owing to the length of time required to dissolve the anilide it was 
impossible to observe mutarotation, The specific rotation appeared 
to be nearly zero. The anilide of glucofuranose 5 : 6-monocarbonate 
was converted into glucose-anilide by asimilar method to that adopted 
in the case of the osazone. The unsubstituted glucose-anilide 
obtained by eliminating the carbonate group from the above com- 
pound was identical with that prepared from ordinary glucose: 


The authors are grateful to the Department of Scientific and 
Industrial Research for a Senior Research Award to one of them 
(C. R. P.), and also to the Government Grant Committee of the 
Royal Society for a contribution towards the cost of materials. 


UNIVERSITY OF BrRMINGHAM, 
EDGBASTON, [Received, November 18th, 1929.) 
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CCCLXXTX.—Studies in the Sterol Group. - Part VIII. 
The Reactions of isoErgosterol. 


By Istpor Morris HEemsron and FRANK Stuart SPRING. 


REINDEL, WALTER, and Ravcn (Annalen, 1927, 452, 34) have 
shown that the treatment of ergosterol B-acetate (see Heilbron and 
Sexton, this vol., p. 921) with dry hydrogen chloride results in the 
formation of the structurally isomeric isoergosterol acetate, m. p. 
129—131°. We have now found that this product is actually a 
mixture, separable by fractional crystallisation into (@) «-iso- 
ergosterol acetate, m. p. 139°, and (6) -isoergosterol acetate, m. p. 
111—112°. Both isomerides show the absorption band at 247 gu 
hitherto regarded as characteristic of isoergosterol * (van Wijk and 
Reerink, Nature, 1928, 122, 648), but a slight difference exists in 
their molecular extinction coefficients, a fact compatible with the 
view that they are isomerides of the cis-trans type (Henri and 
Errera, Compt. rend., 1925, 180, 2049; 181, 548). 

On hydrolysis each acetate gives its respective sterol; «-tso- 
ergosterol melting at 143—144° and the §-isomeride at 135°. Ergo- 
sterol can also be isomerised by means of alcoholic sulphuric acid, the 
product in this case consisting almost entirely of «-isoergosterol. 

Hydrogenation of both isomerides in ethereal solution at room 
temperature leads to the formation of «-ergostenol. The hydrogen- 
ation is, however, selective, for if the absorption of hydrogen. is 
interrupted. when the volume required for the saturation of one 
ethenoid linkage has been reached, dihydroisoergosterol, m. p. 
181—182°, can be isolated. This substance can also be obtained by 
the reduction of $-isoergosterol with sodium and ethyl alcohol; in 
the case of the «-isomeride, dihydroisoergosterol is produced only 
when the reduction is carried out in boiling amyl-alcoholic solution. 

Mechanism of the Change Ergosterol —> isoErgosterol.—From the 
fact that hydrogenation of both «- and §-isoergosterols gives rise to 
a-ergostenol, it may be inferred that the isomerisation of ergosterol 
has not involved the shift of its inert double bond, which according 
to Heilbron and Sexton (this vol., p. 921) is probably situated as 
shown in (I) at A!°:! (the alternative A!®:1! is implied throughout). 
It is further evident that the ethenoid linkage A!*!* (or Al?) is 
not involved in the change, since both «- and $-isoergosterols give 
an immediate pink coloration with the Rosenheim reagent (Biochem. 

* According to Windaus and Auhagen’s suggested nomenclature (Annalen, 
1929, 472, 184) isoergosterol would be termed ergosterol B; in view of the 
fact that this compound is.a mixture we are retaining the name isoergosterol 


as likely to cause less confusion than the use of terms a-ergosterol B and 
8-ergosterol B. 
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J., 1929, 23, 47). We are thus forced to the conclusion that the 
isomerisation is due to a shift of the 6: 7 double bond. The sugges. 


H,C CH, 
(L.) HOG yy CHa} Crs Hes 
CH, 


8 
7 


(II.) (IIT.) 


tion has been made by Reindel, Walter, and Rauch (loc. cit.), 
without any definite evidence being adduced, that “ bei dieser 
Isomerisierung, zwei im Molekiil des Ergosterins entfernter Doppel- 
bindungen, sich in die energetisch begiinstigte, konjugierte Lage 
begeben.”” To test this hypothesis, we have applied the elegant 
reaction of Diels and Alder (Annalen, 1928, 460, 98), whereby a 
conjugated system combines with maleic anhydride, 1 : 4 addition 
taking place. Although «-isoergosterol acetate fails to combine 
with this reagent, $-isoergosterol acetate readily yields an addition 
product, m. p. 159°, and hence definite evidence is afforded that 
A®:7 must move to a position conjugated with either A1*!* or 
A10:19. As, however, reduction of either isoergosterol results in 
the formation of dihydroisoergosterol, which, in its turn, on further 
hydrogenation yields «-ergostenol, conjugation with Al? js 
excluded. We are consequently left with two possibilities: (a) 
if one of the double bonds in ergosterol occupies the A?** position, 
the shift would take place to position A’‘!%; (5) if it is in the 
A113 position, the shift would take place to A?**, As has been 
explained in the case of the isomerisation of «- to 8-dihydroergosterol 
(this vol., p. 2248), the latter seems undoubtedly correct, for space 
models show that the change from A*‘? to A!*:13 is improbable. 
The isoergosterols can thus be formulated as in (II); dihydroiso- 
ergosterol will consequently be (III) and in accordance with this 
structure shows the Rosenheim reaction. 

The combination of 8-isoergosterol acetate with maleic anhydride 
is also in accordance with these views, the reaction being comparable 
with the combination of maleic anhydride with cyclohexadiene 
(Diels and Alder, loc. cit.). The fact that «-isoergosterol acetate fails 
to form a condensation product is ascribable to a difference in the 
spatial disposition of the respective ring systems, capable of 
demonstration only with the aid of solid models. 


EXPERIMENTAL. 


Preparation of «- and 8-isoErgosterol Acetates—When ergosterol 
acetate was treated in chloroform solution with dry hydrogen 
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chloride as detailed by Reindel, Walter, and Rauch (loc. cit.), a 
product was obtained, m. p. 129—131°, as given by these authors. 
This (10 g.) was dissolved in 200 c.c. of benzene-alcohol (1:2) and - 
left at 0°; «a-isoergosterol acetate (7 g.), m. p. 137—139°, then 
separated. After a further crystallisation from the same solvents 
the pure compound was obtained in colourless laminz, m. p. 139°, 
{a} — 90-3° (c= 1-6 in chloroform) (Found: C, 82:1; H, 10°7. 
CygH yO, requires C, 82-1; H, 10-4%). The filtrate from which the 
x-compound had been removed was again left over-night at 0°; 
a second crop (2:8 g.), m. p. 108°, was then removed. On recrystal- 
lisation, a small amount (0-2 g.) of «-isoergosterol acetate separated 
first; the filtrate later deposited pure $-isoergosterol acetate as small 
plates, m. p. 111—112°, [«}, — 58-9° (c = 1-6 in chloroform) 
(Found : C, 81-8; H, 10-7%). 

a-isoLrgosterol.—a-isoErgosterol acetate was hydrolysed by 
refluxing it with 5% alcoholic potash, and the product recrystallised 
from absolute alcohol. «-isoErgosterol forms colourless plates, 
m. p. 143—144°, [«]#;,— 134-2° (c = 0-8 in chloroform); it gives a 
deep yellow coloration with antimony trichloride and a pink colour 
with the Rosenheim reagent. 

a-isoErgosterol can be prepared directly by refluxing ergosterol 
with alcoholic sulphuric acid (10% H,SO,) for 1 hour. The solid 
obtained by precipitation of the green solution with water was 
recrystallised first from acetone (m. p. 139°) and finally from benzene- 
alcohol ; pure «-tsoergosterol was then obtained in almost quantitative 
yield. 

8-isoLrgosterol—Hydrolysis of 8-isoergosterol acetate gives the 
free sterol, m. p. 135° (from alcohol), [«]},, — 95° (¢ = 1-2 in chloro- 
form). A mixture of the «- and the 8-sterol in the ratio of 4:1 
melts at 135—136°, the melting point previously recorded for 
isoergosterol. 

Hydrogenation of «- and 8-isoHrgosterols—Each sterol (1 g.) was 
hydrogenated in ethereal solution (200 c.c.) in presence of a palladium 
catalyst. Four atoms of hydrogen were absorbed in each case, the 
products of both isomerides being «-ergostenol, m. p. 130—131°. 
Reindel, Walter, and Rauch (loc. cit.) state that hydrogenation with 
platinum effects saturation of the three ethenoid linkages, but this 
statement is erroneous (see Reindel and Walter, Annalen, 1928, 
460, 212). 

Dihydroisoergosterol—A solution of «-isoergosterol (5 g.) in amyl 
alcohol (500 c.c.) was treated with sodium (40 g.), added in small 
quantities during 2 hours; the whole was then gently refluxed for 
3hours. The solution was diluted with water, and the amyl alcohol 
removed in steam. The residual solid was repeatedly crystallised 
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from absolute alcohol, from which dihydroisoergosterol separated in 
plates, m. p. 181—182°, [«]si;, — 77-7° (c = 0:26inchloroform). The 

: acetate melts at 183° [Found (micro.): C, 82-0; H, 10-7. C,,H,,0, 
requires C, 81-7; H, 108%]. 

Condensation of 8-isoHrgosterol Acetate with Maleic Anhydride — 
R-isoErgosterol acetate (1-8 g.) was dissolved in the minimum 
quantity of benzene and treated with a suspension of maleic anhydride 
(0-5 g.) in benzene. The solution was kept for 6 hours at room 
temperature, a yellow colour developing indicative of reaction 
(compare Farmer and Warren, this vol., p. 897). The reaction was 
completed by heating in a sealed tube for 6 hours at 100°. The pure 
product separated on cooling in plates, m. p. 159°; it gave a bright 
yellow coloration with antimony trichloride [Found (micro.) : 
C, 75:9; H, 8-6. C,,H,,0, requires C, 75-0; H, 8-8%]. 


The authors desire to express their gratitude to Imperial Chemical 
Industries, Ltd., for a grant which has defrayed the cost of this 
investigation. 


Tue Untversiry, Liverroot. -  [Received, October 19th, 1929.] 





CCCLXXX.—The Halogenation of Phenolic Ethers and 
Anilides.* Part I. The Bromination of Ethers 
im 50% Acetic Acid. 


By Atan Epwin BrapFreLp, BrynMor JoNnES, and KENNEDY 
JosrerpH Previt& ORTON. 


Tue study of the relative rates of chlorination of a number of 
substituted phenolic ethers has brought to light striking and 
unexpected regularities (Bradfield and Jones, J., 1928, 1006, 3073). 
Attention has now been directed to the relative rates of bromination 
at 20° of certain p-chloro- and p-bromo-phenyl ethers in a medium 
consisting of a mixture of equal volumes of glacial acetic acid and 
water (“‘ 50% acetic acid ’’), and the existence of similar regularities 
is demonstrated. 

The rates of interaction of bromine with organic substances have 
been measured by a number of workers, and it is found that the 
hydrobromic acid formed in oxidation and substitution reactions 
exerts a disturbing influence. A constant value for the- velocity 
coefficient for such reactions is not obtained when, in the application 


* An extension and continuation of the series of communications to this 
Journal under the general title “‘ The Chlorination of Anilides,” of which 
Part I is to be found in J., 1927, 986. 
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of mass-law expressions, the concentration of the bromine is placed 
equal to the titratable bromine, because only that portion of the 
bromine “unfixed” as perbromide in the reversible reaction 
Br, + Br’ = Br,’ is active in substitution or oxidation reactions 
(Ramberg, Z. physikal. Chem., 1900, 34, 561; Bruner, ibid., 1902, 
44, 513; Bugarszky, ibid., 1901, 38, 561; 1904, 48, 63; 1910, 71, 
705; Bognar, ibid., 1910, '71, 705; Watson, J., 1928, 1137). 

The existence of the perbromide equilibrium has been demon- 
strated by a diversity of methods, viz., partition (Wildermann, Z. 
physikal. Chem., 1893, 11, 407 ; Roloff, ibid., 1894, 13, 341 ; Jakowkin, 
ibid., 1896, 20, 19), electrolytic(Boericke, Z. Elektrochem., 1905, 11, 
57), aspiration (W.J.Jones, J., 1911, 99, 392), and colorimetric (Joseph 
and Jinendradasa, ibid., p. 274). The attainment of equilibrium in 
50% acetic acid was shown by trial experiments to be extremely 
rapid from both sides; for example, on the addition of a solution of 
p-cresol to one of bromine containing ten molecular proportions of 
hydrobromic acid, only the merest trace of bromine can be detected 
after one minute. 

The calculation of the velocity coefficients for the bromination of 
phenyl ethers is carried out as follows. For the comparatively slow 
reactions under examination, it follows from the experiments referred 
to above that in the changing system the concentration of ‘‘ unfixed” 
bromine is always at its equilibrium value, and the relation between 
the “‘ unfixed ”’ and the total bromine concentrations is given by 
K = [Br,][Br’]/[Br,']. There is no reason to doubt the validity 
of the concentration—-equilibrium constant under the conditions of 
these experiments, namely, with 10 or 5 molecular proportions of 
hydrobromic acid present initially, so that the total concentration 
of this acid is only increased by 10% or 20% when the reaction is 
complete, and the use of this constant in the former case appears to 
be justified by the success of the calculation. Data for the altern- 
ative calculation of an activity-equilibrium constant are not 
available. 

All concentrations are referred to g.-mols./litre. If @ and 6 are 
the initial concentrations of bromine and hydrobromic acid, x is 
the concentration of bromine which has reacted with the ether after 
t minutes, and y the equilibrium concentration of “ unfixed ”’ 
bromine, the concentration of the perbromide ion is (a — x — y), 
that of hydrobromic acid is {6 + « — (a — x — y)}, and 


Qty = V(K + b—a-+ 2x)? + 4K(a — x) — (K + 6 —a@ + 22). 
The rate of reaction is : 


dxdt = k(e — x)y = tk(c — a){V(K + 6 — a 4+ 22)? + 4K(a — x) — 
UK tid exitette BBP ai 02 hordahai ore 6! (2) 
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where c is the initial concentration of ether. The solution * to this 

equation is 

ktK(c — a) 
2-303 


K 
= (K+6+<a) logy, “8 + 2(c — a) loge 5° 


Uta+tp Uy +“2—p 


— (x — p) loo tat p — («+ p) logy VEare” 





where wv), = 43V(K + 6 —a)? + 4Ka — }(K + 6 —a) 

v=4V(K + 6 —a + 22)? + 4K(a — x) — (K + b — a 4:22) 

a = 43(K + 2c + b—a) 

p = Ve — K(c — a). 
The above method of allowing for the disturbing effect of hydro- 
bromic acid closely resembles Bugarszky’s treatment of the kinetics 
of the (oxidation) reaction between bromine and alcohol (Joc. cit.), 
but it leads to a different mathematical expression for these substitu- 
tion reactions. 

The “ 50% acetic acid ’’ medium was selected for this first series 
of measurements because the value of the equilibrium constant for 
this medium at 18° has been determined by W. J. Jones (loc. cit.). 
An approximate value for K was also obtained from the velocity 
measurements. The values of x in a given reaction were plotte« 
against ¢t. The portion of the curve corresponding to 45—55%, 
change is sensibly a straight line, hence the value of Ax/At for this 
interval in the reactions with b/a = 5 and with b/a = 10, for each 
substance, was equated to the right-hand side of (1) and the two 
equations were solved for approximate values of K and k. The 
figures obtained are in Table I. 








TABLE I. 
Approximate value of 
K. k. 


0-0208 0-659 
p-Chloropheaetole : 0-0212 1-46 
p-Chloropheny]l isopropy! ether 0-0215 4-49 
p-Bromoanisole 0-0209 0-685 
p-Bromophenetole 0-0210 1-548 
p-Bromopheny] isopropyl! ether 0-0207 _— 

The mean value of K, viz., 0-021, is in close agreement with the 
value 0-020 at 18° obtained by W. J. Jones by an aspiration method, 
and has been employed in the calculation of the velocity coefficients 
by means of equation (2). It will be seen (see Experimental) that 
constants for the velocity coefficients are given when b/a is 10, but 
that when it is only 5 there is a small but regular downward drift as 


the reaction progresses. 
* We are indebted to Mr. E. G. Phillips, M.A., M.Sc., for this solution. 
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[t is not, of course, necessary to know the exact relation between 
the concentration of “‘ unfixed ” bromine and the composition of the 
‘solution to attain the main object of this investigation, viz., a know- 
ledge of the relative rates of the reactions. For if the differential 
equation be of the form 


dx /dt = kd(C ether, Car, Cypr) 


where the C’s represent concentration terms, the solution will be of 
the form 

kt = #(Cether, Cary, Cor) 
For two reactions, when the initial concentrations are identical, at 
any given stage, 


b(Cether, Cr, Cyr) Reaction I — +(Cethers Cyr,» C'ypr) Reaction II 


| hence k,t, = kgty, t.e., the ratio of the velocities is equal to the 
inverse ratios of the times taken for the reactions to proceed to any 
given extent. Since the necessary conditions were satisfied in these 
experiments, the velocity ratios were calculated from the times 
taken for 30%, 35%, etc., change, and were found to be constant 
within about 2%, as shown by the following typical example : 


p-Chlorophenetole and p-Chloroanisole. 


Change, In ¢e 30 35 40 45 50 55 60 65 
k, |kg=tg/ts - 230-6 228-1 229-7 2284 227-3 227-6 227-0 230-2 


In Table II are given the mean values obtained in this way for the 
velocities of (i) the ethyl and isopropyl ethers of p-bromo- and 
p-chloro-phenol (that of the corresponding methyl ether being taken 
as 100), and also of (ii) the three p-bromo-ethers (that of the corre- 
sponding p-chloro-ether being taken as 100). 


TABLE II. 
(i) Relative directive effects of the groups ‘OR in compounds of 


the type ROK x. Values of L00KOR /kOMe. 


b/a = 10. bla = 5. 
R= Me. Et. Prd. Me. Et. Pri, 


X = p-Cl 100 229 716 100 230 716 
p-Br 100 «231 709 100 233 704 


(ii) Relative directive effects of the groups Cl and Br in compounds 
of the type ROC YX. Values of 100K°%,/k0%,. 


R= Me. Et. Pré. 


b/a = 10 107 109'—Ss«106 
bla= 5 108 109 = 105 
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An attempt to measure the relative rates of bromination in water 
of a number of organic substances has been made by Francis and his 
collaborators (Francis, Hill, and Johnston, J. Amer. Chem. Soe., 1925, 
47, 2211; Francis, ibid., 1926, 48, 1631) by allowing two substances 
to compete for various quantities of bromine insufficient for complete 
bromination of both. Amongst the compounds examined were 
anisole and phenetole, but as the figures obtained by him have been 
subjected to “adjustments . . . averaging 15%,” they must be 
regarded as qualitative only, and no useful comparison with the 
values now obtained can be made. 

It has been shown (Bradfield and Jones, locc. cit.) that the relative 
rates of chlorination in 99% acetic acid of two ethers are independent 
of the proportion of ether to hydrochloric acid within the limits 
examined. Similarly, from Table II, it may be seen that the 
velocity ratio for a pair of ethers is the same for both concentrations 
of hydrobromic acid employed. Further, for chlorination at a fixed 
temperature, the ratios of the type k°%/k°% are independent of 
the chemical nature of X, and those of the type k0§%, /kO%, independent 
of the nature of R, an experimental fact which has been interpreted 
as indicating that the energies of activation for the reaction between 
ethers and chlorine may be expressed as the swm of the characteristic 
individual contributions of the atoms or groups attached to the 
benzene ring, since, according to the activation theory of reaction 
velocity, the equation connecting the velocity coefficient with the 
energy of activation is exponential in form (Bradfield and Jones, 
loce. cit.).* ‘Table II demonstrates a similar constancy of the ratios 
of the velocity coefficients for bromination in “ 50% acetic acid,” 
and suggests a similar interpretation. Solubility considerations 
prevent a more extensive verification of these relations in this 
medium. 

Preliminary experiments in other aqueous—acetic acid media show 
that the velocity of bromination of ethers, which is intrinsically 
smaller than the velocity of chlorination under corresponding 
conditions, increases rapidly with increasing water content of the 
medium. 

EXPERIMENTAL. 

Preparation of Materials —The solvent consisted of a mixture of 
equal volumes of purified acetic acid, m. p. 16-0—16-2°, and water. 

* Correction. Since for a bimolecular reaction involving two different 
molecules the rate of reaction is reckoned as the number of molecules of either 
kind disappearing in unit time, in the expressions k, = 2PSZe-*0'®?, etc., 
the term Z represents the total number of collisions between the ether and 
halogen molecules and not double this number as stated in J., 1928, 1008. 


This correction makes no difference to the conclusions drawn, since, in using 
equations of this type, we have invariably cancelled the Z terms. 
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The bromine was shaken with dilute sodium hydroxide solution and 
then with concentrated sulphuric acid, and finally distilled from a 
little barium carbonate. The constant-boiling solution of hydro- 
bromic acid employed was distilled over red phosphorus and pre- 
served in the dark. 

The ethers were prepared from the phenols and alkyl iodides in the 
usual manner and repeatedly crystallised, if solid, or distilled under 
2mm. pressure, if liquid. p-Chlorophenyl isopropyl ether distils with 
a bath temperature of 73—75°/1-5 mm., and has 2?" 1-5127 (Found : 
(1, 20-9. C,H,,OCI requires Cl, 20-8%). 

Method for Velocity Determinations.—Orton and King’s method of 
chlorination (J., 1911, 99, 1185), based on the reversible reaction 
between hydrochloric acid and a chloroamide, >NCl + HCl == 
>NH + Cl,, was devised for kineti¢ measurements. Its eminent 
suitability aroused the hope, which has not, however, beer entirely 
fulfilled, that either of the similar reactions (1) between a bromo- 
amide and hydrobromic acid, >NBr + HBr == >NH + Bry, or 
(2) between a chloroamide and hydrobromic acid, >NCl + HBr = 
>NH + BrCl (yielding the active brominating agent bromine 
chloride) would prove equally serviceable for measurements of the 
velocity of bromination of appropriate aromatic compounds. There 
is a fair prospect of the successful application of reaction (2), but this 
communication deals only with efforts which have been made to 
measure the velocity of bromination when the substituting agent is 
the bromine molecule. A number of chloroamides are readily 
prepared as stable, well-crystallised substances, giving a solution 
in which an accurately known amount of chlorine can be generated 
at the required moment by the addition of hydrochloric acid. No 
bromoamide hitherto examined in these laboratories, however, has 
proved sufficiently stable to render its analogous employment as a 
source of bromine (reaction 1 above) superior to the use of a solution 
prepared by the addition of elementary bromine. The procedure 
adopted was as follows. A solution of bromine in “50% acetic 
acid,” adjusted to contain as neatly as possible 0-0075 g.-mol. per 
litre, was standardised by titration with thiosulphate. 10 C.c. of 
this solution were pipetted into a solution of the weighed quantity 
of the ether in ‘‘ 50% acetic acid,”’ to which the requisite amount of 
hydrobromic acid had been added, contained in a 200 c.c. graduated - 
flask, all the solutions being at 20°. The solution was made up to 
the mark with “50% acetic acid,” mixed by shaking, and placed 
in a thermostat at 20°. The time of mixing did not exceed 30 
seconds, which is negligible with these slow reactions. From time 
to time 10 ¢.c. portions were withdrawn, run into potassium iodide 
solution, and titrated with N/50-thiosulphate. Later, it was found 
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advantageous to incorporate a portion of the hydrobromic acid in 
the standard bromine solution, the resulting diminution of the partial 
pressure of the bromine (perbromide formation) facilitating its 
preservation at standard strength. 

Calculation of Velocity Coefficients—To assist calculation, the 
results of several determinations were plotted and values of | 
corresponding to 25%, 30%, etc., change were read from the smooth 
curve drawn through the points. Usually about 20 points were 
obtained for each curve, and individual points rarely deviated from 
the curve by more than the equivalent of 0-02 c.c. of N/50-thio. 
sulphate. The velocity coefficients were calculated by equation (2) 


above. 
Experimental Data. 


ce = 0-015 throughout, and 8 represents the extent % to which 
reaction has proceeded. 


p-Chloroanisole. p-Bromoanisole. p-Chlorophenetole. 
a = 0-007404. a = 0-007404. a = 0-007298. 
6 = 0-0375. 6 = 0-0375. = 0-0375. 

k. t. é. k. t. . k. 

0-6942 915  30- 0-7511 42-7 1-609 

0-6905 114-5 35 0°7445 53-5 1-587 

0-6851 140-0 40 0-7365 65-3 1-574 

0-6754 169-0 45 0-7315 79-7 1-548 

0-6739 203-0 50 80-7255 95-2 1-543 

0-6702 242-0 55 =: 07220 114-2 1-525 

0-6639 289-0 60 0-7133 136-0 1-514 

0-6623 345-0 65 0-7057 159-0 1-528 

Mean 0-677 Mean 0-729 1-55 


is = 0-007404. a = 0-007446. fa = 0-007298. 
b = 0-075. b = 0-075. Lb = 0-075. 


0-6733 157 30 =: 07278 74:5 1-565 
207-5 0-6696 194 35 07234 92-5 1-510 
255-0 0-6696 237 40 0-7192 112-5 1-540 
306-0 0-6662 285 45 0-7170 136-2 1-496 
364-0 0-6646 340 50 =0:7165 162-5 1-516 
432-0 0-6628 403 55 0-7100 192-0 1-490 
514-0 0-6566 479 60 0-7045 228-8 1-487 
610-0 0-6512 566 65 °0-7027 265-0 1-504 


Mean 0-665 Mean 0:715 Mean 1°51 


p-Chlorophenyl p-Bromophenyl 

p-Bromophenetole. isopropyl ether. isopropyl ether. 

a = 0-007404. a = 0-007404. a = 0-007233. 

b = 0-0375. b = 0-0375. b = 0-0375. 

38-8 1-772 13-7 5-017 . 
48-9 1-744 17-0 5-016 
60-0 1-718 20-8 4-957 
72-5 1-706 25-3 4-887 
87-5 1-683 30-5 4-829 
104-7 1-669 36-5 4-792 
124-5 1-656 43:5 4-739 
148-5 1-639 52-3 4-654 
Mean 1-70 Mean 4°86 
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panne mance 5 0.8 
p-Bromophenetole. cenenl ether. isopropyl ether. 


{? = 0-007404. a = 0-007404. fa = 0-007233. 
6 = 0-075. b = 0-075. lb = 0-075. 
67-5 1-698 23-2 4-942 21- 
83°5 1-664 28-7 4842 27- 
101-3 1-686 35-7 4-782 33 
122-5 1-664 42-8 4-763 40: 
146-0 1-657 51-5 4-697 4 
174-6 1-640 60-8 4-710 5 5°146 
207-0 1-630 72-5 4-764 68: 4-910 
246-0 1-615 84-7 4-690 8 4-890 
Mean 1-66 Mean 4:77 Mean 5-06 


8 5261 
3 5-131 
3 5-116 
3 5-047 
5 4-990 
5 
4 
3 


_ The authors wish to express their thanks to the Government Grant 
Committee of the Royal Society and to Messrs. Imperial Chemical 
Industries, Ltd., for grants which have partly defrayed the cost of 
this investigation. 

UNIVERSITY COLLEGE or N. WALEs, 
BanGor. [ Received, October 28th, 1929.] 





CCCLXXXI.—The Estimation of Nicotine. 
By FrepreRicK Danie, CHaTTaway and GzorGE Davip PARKES. 


Many methods have been proposed from time to time for the 
estimation of nicotine in tobacco and tobacco extracts, of which only 
two, viz., those of Kissling (Z. anal. Chem., 1882, 21, 64, 383; 1895, 
34, 413; 1896, 35, 309, 731) and of Bertrand and Javillier (Bull. 
Soc. chim., 1909, 5, 241; Ann. Chim. Anal., 1911, 16, 251), appear 
to have been used at all extensively. 

In Kissling’s method the nicotine, liberated from the dried and 
powdered tobacco by alcoholic sodium hydroxide, is extracted by 
ether and the amount present is estimated, after removal of the ether 
and steam-distillation, by titration with sulphuric acid. 

In Chapin’s modification (U.S. Dept. Agric., Bull. 133 of 1911) of 
Bertrand and Javillier’s method, the nicotine is extracted as in 
Kissling’s process and then precipitated as the silicotungstate by 
addition of a 12% solution of silicotungstic acid to a solution of the 
nicotine acidified with dilute hydrochloric acid. 

The estimation of nicotine has acquired an increasing importance 
of late years owing to the extensive use of preparations containing 
nicotine as insecticides, and also owing to the importance of a 
knowledge of the nicotine content of smoking tobaccos. 

As a consequence, an inquiry into methods for the estimation 
of nicotine was instituted by the United States Department of 
Agriculture in 1910 (U.S. Dept. Agric., Chem. Div., Bull. No. 101 of 
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1910), as a result of which the procedure described by Kissling was 
recommended for adoption. 

A very eareful critical examination of all methods proposed up 
to that time was carried out by Rasmussen (Z. anal. Chem., 1916, 
55, 81), who recommended as the best method precipitation by 
silicotungstic acid as in Bertrand and Javyillier’s method, but with a 
modified procedure for extraction.* Of other methods investigated, 
he cqncluded that only those of Kissling and of Koenig (Chem. Zig., 
1911, 35, 521, 1047) were trustworthy. Koenig’s method, a polari- 
metric one, is only applicable to the estimation of nieotine in liquid 
extracts. 

Kissling’s method suffers from two main objections. First, any 
ammonia present in the tobacco, and any pyridine bases (frequently 
added to extraets as an adulterant) are estimated as nicotine; and 
secondly, the method sometimes fails to furnish concordant results 
in the hands of different chemists, Its chief advantage is that it 
can be carried out quickly. 

Bertrand and Javillier’s method gives uniformly accurate results, 
but is tedious to carry out, since the precipitated silicotungstate 
requires 10 or 12 hours to settle in a filterable condition. 

The authors have recently shown (this vol., p. 1314) that nicotine 
readily yields a beautifully crystalline, stable and sparingly soluble 
tetrachloroiodide. By means of it nicotine can be easily and 
accurately estimated, since in presence of a large excess of hydrogen 
chloride it separates practically quantitatively, even from dilute 
solutions, as a heavy, bright yellow precipitate which can be 
collected on a Gooch crucible and dried without loss. Alternatively, 
the precipitate collected on the Googh crucible may be added to an 
excess of a warm concentrated solution of potassium iodide acidified 
with acetic acid, and the iodine liberated estimated by sodium 
thiosulphate. Eight atoms of iodine are liberated by each molecule 
of nicotine tetrachloroiodide decomposed. 

By means of the tetrachloroiodide nicotine can just be detected 
when present to the extent of only 1 part in 100,000 parts of water. 
It can be estimated accurately in solutions containing 1 part of 
nicotine in 5,000 parts of water, and with a very fair degree of 
accuracy in solutions containing 1 part in 10,000. 

In this method the presence of ammonia is of no consequence, 

* Bertrand and Javillier extracted the nicotine by heating the tobacco four 
times with ten times its weight of 5% hydroghloric acid at 100°. In Ras- 
mussen’s method of extraction the tobacco is mixed with a solution of sodium 
hydroxide in aqueous alcohol, ether and light petroleum, the flask being closed 
and shaken at intervals for about 5 hours. After filtration the extract is 
shaken with 1% hydrochloric acid, and the acid layer separated and treated 
with silig¢otungstic acid. 
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as ammonium tetrachloroiodide is soluble in water; and pyridine, 
if present, ean be removed by a preliminary steam distillation of 
the tobacce extract after addition of acetic acid, the nicotine being 
completely retained by the acid (compare Rasmussen, loc. cit.). 


EXPERIMENTAL. 


For the estimation of nicotine in tobacco the following procedure 
gives accurate results. 

The dried and powdered tobacco (20 g.) is ground with 10 c.c. of 
55% aleohol containing 0-6 g. of sodium hydroxide, and extracted 
with ether in a Soxhlet apparatus until exhausted. The solvent is 
distilled off and the residue is mixed with 50 c.c. of 0-4% aqueous 
sodium hydroxide and steam-distilled, until about 400 c.c. have 
come over, or until the distillate no longer gives a precipitate with a 
solution of iodine trichloride in hydrochloric acid. The distillate 
is saturated with hydrogen chlorideand cooled. Toit is then added a 
solution made by saturating with chlorine a suspension of 2 g. of 
powdered iodine in 20 c.c. of hydrochloric acid. Nicotine tetra- 
chloroiodide separates as a yellow microerystalline powder which 
settles rapidly. A slow stream of chlorine jis then passed through 
the mixture for a few minutes to saturate the solution with chlorine. 
This ensures the complete conversion of the nicotine into tetra- 
chloroiodide. The precipitated nicotine tetrachloroiodide is col- 
lected on a tared Gooch crucible, washed witha little concentrated 
hydrochloric acid, and dried, until the weight .is constant, jin a 
vacuum desiccator over phosphoric oxide in presence of a few lumps 
of lime to absorb the hydrogen chloride adhering to the damp 
precipitate. Nicotine tetrachloroiodide contains 23-077% of nieotine. 

The accuracy of the method may be judged from the follewing 
results. 

0:0720 G.,of nicotine, dissolved in 100.¢.c..of concentrated .hydro- 
chloric acid (1 part in 1400 parts approx.) and treated with tetra- 
chloroiodic acid made from 05 g. of iodine, yielded 0;3120 g. of 
nicotine tetrachloroiodide, corresponding to 0-0720 g. of nicotine. 

0:2365 G. of nicotine, dissolved in:2} litres.of concentrated hydro- 
chloric acid (1 part in 10,000 parts approx.) and treated with tetra- 
chloroiodic acid made from {1 .g. of iodine, yielded 1:2185-g. of 
nicotine tetrachloroiodide, corresponding ‘to 0-2357 .g. of nicotine. 

To compare the accuracy of this:method with that using silico- 
tungstic acid, the percentage of nicotine.in a sample of tobacco was 
determined by .both, the following results being obtained: by 
silicotungstic acid, 228%; by tetrachloroiodic acid, 2-23%. 

Estimation of Nicotine in Presence of Ammonia and Pyridine.— 
A solution .was made containing .0:6180 g. of nicotine, 05 g. .of 
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pyridine, and 1 c.c. of concentrated ammonia solution (d 0-880). 
This was mixed with 50 c.c. of 15% acetic acid and steam was blown 
through the mixture until a drop of the distillate after saturation 
with hydrogen chloride gave no precipitate with tetrachloroiodic 
acid solution, showing that all the pyridine had distilled over. By 
this time about 200 c.c. of distillate had been obtained. The 
contents of the distillation flask retaining the nicotine and ammonia 
were then saturated with hydrogen chloride and the nicotine was 
precipitated as previously described; 2-6810 g. of nicotine tetra- 
chloroiodide were thus obtained, corresponding to 0-6190 g. of 
nicotine. 
Tae QUEEN’s CoLLEGE, OxForRD. [ Received, October 24th, 1929. | 





CCCLXXXII.—The Formation of 1-Substituted 
Benziminazoles. 


By MontaGuE ALEXANDRA PHILLIPS. 


In previous communications (J., 1928, 172, 2393, 3134) it was 
shown that 2-substituted benziminazoles are generally formed by 
the hydrolytic action of dilute mineral acids on mono- and di- 
substituted acyl-o-diamines and also from o-diamines by the action 
of the appropriate organic acid in the presence of the same hydro- 
lytic agent. These reactions have now been successfully applied 
to the formation of 1-substituted and of 1 : 2-disubstituted benz- 
iminazoles, the N-substituent being methyl and phenyl. In the 
latter case, 4-nitro-2-aminodiphenylamine in the presence of dilute 
hydrochloric acid gave in good yield, with formic and acetic acid 
respectively, 5-nitro-1-phenyl- and 5-nitro-1-phenyl-2-methyl-benz- 
iminazole. The former had previously been obtained by the pro- 
longed action of sulphuric acid on 4-nitro-2-formamidodipheny]- 
amine (von Walther and Kessler, J. pr. Chem., 1906, 74, 188) and 
also by the action of ethyl oxalate on 4-nitro-2-aminodiphenylamine 
(Reissert and Goll, Ber., 1905, 38, 90); in the latter case, compare 
von Walther and Kessler, J. pr. Chem., 1904, 69, 40. Reduction 
of 5-nitro-1-phenyl-2-methylbenziminazole gave the corresponding 
amino-compound, also obtained from 2 : 4-diaminodiphenylamine, 
acetic anhydride, and dilute hydrochloric acid and by the hydrolysis 
of 2:4-diacetamidodiphenylamine. These results were repeated 
in the case of 2-aminodiphenylamine-4-arsinic acid, which with 
formic and hydrochloric acids gave 1-phenylbenziminazole-5-arsinic 
acid. By the use of acetic anhydride and lactic acid, respectively, 
instead of formic acid, 1-phenyl-2-methylbenziminazole-5-arsinic 
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acid and 1-phenyl-2-a-hydroxyethylbenziminazole-5-arsinic acid were 
obtained. In addition, 1-phenylbenziminazole itself was obtained 
by the action of formic and hydrochloric acids on 2-aminodiphenyl- 
amine; 2-acetamidodiphenylamine and hydrochloric acid, or 
2-aminodiphenylamine with acetic anhydride and hydrochloric 
acid, gave 1-phenyl-2-methylbenziminazole. 

In the N-methylbenziminazole series, 1-methylbenziminazole has 
been Obtained (Fischer, Ber., 1892, 25, 2841; 1901, 34, 938) by 
methylation of benziminazole with methyl iodide at 140° or with 
potassium methyl sulphate (Skraup, Annalen, 1919, 419, 1). 
1: 2-Dimethylbenziminazole has been obtained similarly (Fischer, 
loc. cit.). 

These two compounds have now been obtained by the action of 
formic acid and acetic anhydride, respectively, on o-aminomethyl- 
aniline in the presence of hydrochloric acid. 1 : 2-Dimethylbenz- 
iminazole has also been obtained by the acid hydrolysis of o-amino- 
acetomethylanilide and of diacetyl-o-aminomethylaniline. 

The action of methyl sulphate on 1-methylbenziminazole gives 
the methosulphate, which, like the methiodide (compare Fischer, 
Ber., 1901, 34, 938), gives with caustic alkali 2-hydroxy-1 : 3- 
dimethyl-1 : 2-dihydrobenziminazole. This compound appears to 
be more stable towards alkali than is indicated by Fischer; treat- 
ment for many hours with concentrated sodium hydroxide solution 
was required to convert it. into o-phenylenedimethyldiamine. This 
compound gives with formic acid and hydrochloric acid, 2-hydroxy- 
1: 3-dimethyl-1 ; 2-dihydrobenziminazole; acetic anhydride in the 
presence of dilute hydrochloric acid causes the formation of 2-hydr- 
oxy-1 : 2: 3-trimethyl-1 : 2-dihydrobenziminazole. 

N-Substituted o-phenylenediamines do not appear to condense 
with dibasic organic acids in the presence of boiling mineral acids 
of various strengths; from oxalic acid and o-aminomethylaniline, 
2-aminodiphenylamine, or 2-aminodiphenylamine-5-arsinie acid, 
unchanged material only was isolated (compare Phillips, J., 1928, 
172, 3134). 

2-Methylbenziminazole-5(6)-arsinic acid (this vol., p. 3134) has 
now been obtained by acid hydrolysis of 3-amino-4-acetamido- 
phenylarsinie acid and of 4-amino-3-acetamidophenylarsinic acid. 

The former was obtained by reduction of 3-nitro-4-acetamido- 
phenylarsinie acid. 4-Nitro-3-aminophenylarsinic acid was obtained 
by the action of aqueous ammonia on 3-chloro-4-nitrophenylarsinic 
aid. Acetylation, followed by reduction, then gave 4-amino-3- 
acetamidophenylarsinic acid. The acetylation of the above nitro- 
amino-arsinic acids was not possible in alkaline solutions; acetyl- 
ation by means of acetic anhydride in the presence of sulphuric 

50 
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acid was resorted to, as also in the case of a stronger acid, 3 : 5-di- 
nitro-4-aminophenylarsinic acid. 


EXPERIMENTAL. 


4-Amino-2-acetamidodiphenylamine.—The corresponding nitro. 
derivative (von Walther and Kessler, loc. cit., p. 40) (5 g.), mixed 
with iron powder (10 g.), was added to a boiling solution of acetic 
acid (2 c.c.) in water (100 c.c.). After the reduction, the mixture 
was neutralised with ammonia and the isolated solids were exhaus- 
tively extracted with boiling water. The combined extract and 
filtrate was evaporated to dryness under reduced pressure; the 
residue, crystallised from 50% spirit, gave 2-3 g. of 4-amino-2-acet- 
amidodiphenylamine in colourless rectangular plates, m. p. 165°, 
readily soluble in dilute mineral acids (Found : N, 17-7. C,,H,,ON, 
requires N, 17-4%). On treatment with acetic anhydride, 2 : 4-di- 
acetamidodiphenylamine was formed. 

5-Nitro-1-phenylbenziminazole.—(a)4-Nitro-2-aminodiphenylamine 
(5 g.), 4N-hydrochloric acid (50 c.c.), and formic acid (2 c.c.) were 
boiled under reflux for 30 minutes ;. the base separated on addition 
of excess of alkali (yield, 70%) (Found: N, 17-4. Calc.: N, 
17-6%). 

(b) 4-Nitro-2-formamidodiphenylamine (Reissert and Goll, /oc. 
cit.) was refluxed with ten times its weight of 2N-hydrochloric acid 
for 40 minutes. A yield of 60% of the base, isolated as in (a), was 
obtained (Found : N, 17-5%). 

5-Nitro-1-phenyl-2-methylbenziminazole was obtained similarly 
by method (a), acetic anhydride (2 c.c.) being used instead of 
formic acid. It was identical with the product obtained by the 
method of von Walther and Kessler (loc. cit., p. 40) (Found: N, 
16-4. Cale.: N, 16-6%). 

5-Amino-1-phenylbenziminazole.—2 : 4. Diaminodiphenylamine (5 
g-) was refluxed with formic acid (2 ¢.c.) and 4N-hydrochloric acid 
(50 ¢.c.) for 30 minutes; the mixture then gave, on addition of 
alkali, the above base in 66% yield. It formed colourless needles, 
m. p. 131°, from water and was identical with the product obtained 
by reduction of 5-nitro-1-phenylbenziminazole by stannous chloride 
and hydrochloric acid (compare Reissert and Goll, loc. cit.) (Found: 
N, 19-9. Calc.: N, 20-1%). 

5-Amino-1-phenyl-2-methylbenziminazole.—(a) 2. : 4-Diaminodi- 
phenylamine (10 g.) was refluxed for 20 minutes with acetic anhydride 
and 3N-hydrochloric acid (100 c.c.); on basification the product 
gave 6-5 g. (59%) of the above cyclic compound. 

(b) 2: 4-Diacetamidodiphenylamine (2 g.) or 4-amino-2-acet- 
amidodiphenylamine (2 g.) was refluxed for 30 minutes with 10 c.¢. 
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of 4N-hydrochloric acid; the mixture was then basified. In each 
case the yield was 1-1 g. (52%). The above base forms colourless 
needles, m. p. 145—146°, from water and is identical with the 
reduction product of 5-nitro-1-phenyl-2-methylbenziminazole by 
iron and hydrochloric acid (compare von Walther and Kessler, 
locc. cit.) (Found in specimens prepared by the above four methods : 
N, 18-6, 18-4, 18-4, 18-9. Calc.: N, 188%). The acetyl derivative 
forms white plates, m. p. 230°, from aqueous alcohol (compare von 
Walther and Kessler, loc. cit., p. 188). 
1-Phenylbenziminazole (compare Wolff, Annalen, 1912, 394, 63; 
1913, 399, 300).—2-Aminodiphenylamine (0-5 g.), 5 c.c. of 4N-hydro- 
chloric acid, and 1 c.c. of formic acid were boiled under reflux for 
30 minutes ; on basification, 1-phenylbenziminazole, m. p. 98° (from 
alcohol), was obtained (Found : N, 14-2. Cale.: N, 144%). 
1-Phenyl-2-methylbenziminazole.—2-Aminodiphenylamine (0:5 g.) 
5c.c. of 4N-hydrochloric acid, and 1 ¢.c. of acetic anhydride, treated 
by the general method, gave 0-2 g. of the above cyclic compound, 
m. p. 70° after crystallisation from aqueous alcohol (Found: N, 
13:1. Cale.: N, 13-4%). The same compound was obtained by 
gently refluxing 2-acetamidodiphenylamine with five times its 
weight of 4N-mineral acid for 30 minutes (Found: N, 13-2%) 
(compare Skraup, loc. cit., pp. 20, 73). 
2-Nitrodiphenylamine-4-arsinic acid, 2-aminodiphenylamine-4- 
arsinic acid, and 2-acetamidodiphenylamine-4-arsinic acid were 
obtained by a modification of Barber’s method (this vol., p. 471). 
1-Phenylbenziminazole-5-arsinic acid could not be obtained from 
5-amino-1-phenylbenziminazole by the Bart reaction, owing, pre- 
sumably, to nitrosation of the nucleus during diazotisation. It was 
obtained in 70% yield, however, by boiling together 2-amino- 
diphenylamine-4-arsinic acid (5 g.), 4N-hydrochloric acid (50 c.c.), 
and formic acid (4 c.c.) and neutralising the filtered solution. It 
formed buft-coloured needles, readily soluble in dilute alkalis, alkali 
carbonates, and mineral acids (Found: As, 23-4; N, 8-9. 
C,;H,,0,N,As requires As, 23-6; N, 8-8%). 
1-Phenyl-2-methylbenziminazole-5-arsinic acid was obtained simi- 
larly to its lower homologue from 2-aminodiphenylamine-4-arsinic 
acid, acetic anhydride, and 4N-hydrochloric acid. It was identical 
with the product obtained from 2-acetamidodiphenylamine-4-arsinic 
acid by Barber (loc. cit.) (Found: As, 22-4. Cale. : As, 22-6%). 
1-Phenyl-2-a-hydroxyethylbenziminazole-5-arsinic acid, obtained 
from 2-aminodiphenylamine-4-arsinic acid, lactic acid, and 4N-hydro- 
chloric acid by the general method, formed colourless plates, readily 
soluble in alkalis, alkali carbonates, and mineral acids (Found : 
As, 20:65. C,,;H,,0,N,As requires As, 20-7%). 
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o-Nitromethylaniline was obtained from -toluenésulphon-o. 
nitroanilide by Usherwood and Whiteley’s method (J., 1923, 1084) 
with the following modification: 48 G. of p-toluenéesulphon-o. 
nitroanilide were suspended in 40 c.c. of 4N-sodium hydroxide 
solution, and 12 ¢.c. of methyl sulphate added. When the mixture 
was boiled gently, a moderate reaction set in; alkalinity to phenol- 
phthalein was maintained throughout by addition as required of 
10N-sodium hydroxide solution. A further 12 ¢.¢. of methyl 
sulphate were added after the disappearance of the first instalment 
and the treatment was repeated. The alkaline mixture was cooled, 
and the -solid collected and crystallised from alcohol. The yield 
of -toluenesulphon-o-nitromethylanilide; m. p. 128—130°, was 
44g. (88%). The hydrolysis by sulphuric and acetic acids to 
o-nitromethylaniline followed the details of Usherwood and Whiteley 
(dot. cit.). 

Since experimental details for the reduction of this compound 
to o-aminomethylaniline are not to be found in the literature, the 
following are given: o-Nitromethylaniline (10 g.) was suspended in 
hydrochloric acid (30 c.c., d 1-16), and tin (15 g.) added at 50° in 
portions of 3—4 g. After being kept for 15 minutes at 90°, the 
mixture was made alkaline to phenolphthalein with 25% sodium 
hydroxide solution and filtered from tin compounds. The mixed 
filtrate and washings were extracted with ether and the dried extract 
was evaporated. To the residual oil, hydrochloric acid (4 c.c., 
d 1-16) was added; on cooling, o-aminomethylaniline dihydro- 
chloride separated (yield, 3 g.; m. p. 191°. Compare Fischer and 
Wreszinski, Ber., 1892, 25, 2711 ; Usherwood and Whiteley, doc. cit.). 

o- Nitroacetomethylanilide.—o-Nitromethylaniline (20 g.) was sus- 
pended in acetic anhydride (40 c.c.), and 0-1 ¢.c. of sulphuric acid 
added. On warming, solution, accompanied by disappearance of 
the red colour, ensued. The oil which separated when the solution 
was poured into water (200 c.c.) crystallised very slowly. After 
rectystallisation from benzene (1 c.c. for every 2 g. of solid), it formed 
pale yellow cubes, m. p. 70°, exceedingly soluble in the common 
organic solvents, sparingly soluble in light petroleam (b. p. 40— 
60°), and insoluble in water (Found: N, 140. C,H,»)0,N, requires 
N, 144%). 

0-Aminoacetomethylanilide, which formed colourless needles, 1. p. 
67—68°, from 30% aqueous alcohol, was obtained by reduction of 
the above nitro-compound by iron and dilute acetic acid as described 
under 4-amino-2-acetamidodiphenylamine (Found: N, 16%. 
C,H,.ON, requires N, 17-1%). 

vacetyl-o-aminomethylaniline was obtained either by the action 
of acetic anhydride on 0-aminoacetomethylanilide (Found: N, 
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136%) or on o-aminomethylaniline (Found: N, 13-9%), or by 
the action of acetic anhydride and sodium acetate on an aqueous 
solution of o-aminomethylaniline hydrochloride (Found ; N, 13-8%). 
It formed white plates, m. p. 172°, from water, in which it is some- 
what soluble (C,,H,,0,N, requires N, 13-6%). 

1-Methylbenziminazole.—o-Aminomethylaniline (1 g.), 4N-hydro- 
chlorioe acid (3 g.), and formic acid (1 ¢.c.) were heated under reflux 
for 30 minutes. After addition of excess of aqueous ammonia, 
extraction with chloroform, and removal of the dried solvent, a 
gum remained which formed colourless plates, m, p. 30°, from 
alcohol, It was identical with the compound obtained by methyl- 
ation of benziminazole with potassium methyl sulphate (Skraup, 
loc. ctt.; compare also Fischer and Wreszinski, loc. cit.; Fischer, 
Ber., 1901, 34, 938) (Found: N, 21-4. Cale.: N, 21-2%). On 
addition of 1 g. of methyl sulphate to 1-5 g, of the above compound 
a vigorous reaction occurred. The solid obtained formed colourless 
needles, m. p, 128°, from aleohol and was shown to be 1-methylhenz. 
iminazole methosulphate (Found : §, 12-9. CgH,N.,Me,SO, requires 
8, 124%). - 

5-Dimethylamino-1 : 2-dimethylbenziminazole Methosulphaté.—5- 
Amino-2-methylbenziminazole base was obtained by reduction of 
the corresponding nitro-compound by iron and boiling dilate acetic 
acid; the filtrate from the iron oxides was evaporated to dryness 
and the gummy residue treated while still warm with methyl 
sulphate (12 ¢.c. for the amino-compound formed from 10 g. of the 
nitro-derivative). After the reaction had moderated, the oil was 
dissolved in water (10 c.c.) and treated with charcoal; addition of 
alcohol (3 vols,) to the filtered solution precipitated, in poor yield, 
5-dimethylamino-1 ; 2-dimethylbenziminazole methosulphate in white 
plates, m. p. 255° (decomp.) (Found: 8, 10-7. ©,,H,3N3,Me,S0O, 
requires S, 101%). 

1 : 2-Dimethylbenziminazole—(a) Diacetyl-o-aminomethylaniline 
(2 g.) and 4N-hydrochloric acid (10 c.c.) were refluxed for 30 minutes. 
On addition of excess of alkali, the above compound separated as 
an oil which rapidly crystallised (yield, 65%). 

(6) o-Aminoacetomethylanilide, similarly treated; gave a yield 
of 67%, 

(c) o-Aminoacetomethylanilide dihydrochloride (2 g.), acetic 
anhydride (1-5 c.c.), and 4N-hydrochloric acid (8 ¢.c.) were refluxed 
for 30 minutes; the cyclic base was isolated as before and consisted 
of a trihydrate, m. p. 65°, which lost its water at 50°, yielding the 
anhydrous compound, which crystallised in stout prisms, m. p. 112°, 
from benzene or absolute alcohol (compare Fischer, Ber., 1892, 25, 
2838; Pinnow, Ber., 1899, 32, 1669; Pinnow and Saimann, sbid., 





PHILLIPS : 


pp. 2185, 2191) (Found in trihydrate: H,O, 27-1. C,H,.N2,3H,0 
requires H,O, 27-°0%. Found in anhydrous compound: N, 19-1. 
Cale.: N, 19-2%). 

1-Methyl-2-«-hydroxyethylbenziminazole, obtained from o-amino- 
methylaniline dihydrochloride, lactic acid, and 4N-hydrochloric 
acid by the general method, formed colourless hexagonal plates, 
m, p. 80°, from water. It is readily soluble in cold ethyl alcohol 
(Found: N, 16-0. C,)H,,ON, requires N, 15-9%). 

o-Phenylenedimethyldiamine was obtained by prolonged hydro. 
lysis of 1l-methylbenziminazole methosulphate, 2-hydroxy-1 : 3- 
dimethyl-1 : 2-dihydrobenziminazole (see below), or 2-hydroxy- 
1 : 2: 3-trimethyl-1 : 2-dihydrobenziminazole (see below) with alco- 
holic or concentrated aqueous potassium hydroxide solution. 

2-Hydroxy-1 : 3-dimethyl-1 : 2-dihydrobenziminazole (compare 
Fischer, Ber., 1901, 34, 938) was obtained in colourless needles, 
m. p. 74° (hydrochloride, m. p. 245°), by the action of formic acid 
(1 ¢.c.) and 4N-hydrochloric acid (5 c.c.) on o-phenylenedimethyl- 
diamine (} g.) by the general method (yield, 45%) (Found : N, 17-0. 
Cale.: N, 17-1%), and 2-hydroxy-1-: 2 : 3-trimethyl-1 : 2-dihydro- 
benziminazole (Found: N, 15-4. Calc.: N, 15:7%) was obtained 
similarly by using acetic anhydride instead of formic acid (colour- 
less rhombs, m. p. 162°, from 50% alcohol; compare Fischer, loc. 
cit.). 

3-Nitro-4-acetamidophenylarsinic Acid.—When acetic anhydride 
(12 c.c.) was added to 3-nitro-4-aminophenylarsinic acid (4 g.), 
heat was developed and a crystalline solid formed. This was 
collected, washed with acetic anhydride, and crystallised from 
alcohol 3-nitro-4-acetamidophenylarsinic acid (3-0 g.; 64%) being 
obtained in fine, pale yellow needles, not molten at 300° (Found : 
As, 24-9. C,H,O,N.,As requires As, 24:7%). The acid is readily 
soluble in alkalis and alkali carbonates; excess of these reagents 
readily hydrolyses it. The calcium and magnesium salts form 
microcrystalline nodules. Treatment of the parent acid or its 
acetyl derivative with boiling sulphuric acid (d 1-45) for 1 hour 
gives a 35% yield of o-nitroaniline. 

3-Nitro-4-formamidophenylarsinic acid could not be obtained by 
the action of formic acid on 3-nitro-4-aminophenylarsinic acid ; the 
nitration of 4-formamidophenylarsinic acid with mixed _nitric- 
sulphuric acids at 0° gave a 70% yield of 3-nitro-4-aminopheny]- 
arsinic acid, oriented by conversion into o-nitroaniline as above. 

On reduction of 3-nitro-4-acetamidophenylarsinie acid by ferrous 
sulphate and sodium hydroxide (compare Jacobs, Heidelberger, 
and Rolf, J. Amer. Chem. Soc., 1918, 40, 1581) at 35°, a 30% yield 
of 3-amino-4-acetamidophenylarsinic acid, which crystallised in 
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stout hexagonal tablets, m. p. 275°, from water, was obtained 
(Found: As, 27-5. C,H,,0O,N,As requires As, 27-4%). This acid 
differs from the isomeric 2-amino-4-acetamidophenylarsinic acid 
(compare Fourneau, Navarro-Martin, and Tréfouel, Ann. Inst. 
Pasteur, 1923, 37, 590; Haythornthwaite, this vol., p. 1013) in 
giving a triazole on treatment with nitrous acid; the 2-amino-acid 
is diazotised by such treatment and the product couples normally. 
The calcium salt forms colourless plates, the magnesium salt is 
nicro-crystalline. Attempts to monoacetylate 3 : 4-diaminophenyl- 
arsinic acid by Lewis and Bent’s method (J. Amer. Chem. Soc., 
1926, 48, 949) and by various modifications of it failed to produce 
the above acid. 

1-Acetyl-1 : 2 : 3-benztriazole-5-arsinic acid, obtained from the 
above acetyl derivative and nitrous acid, forms colourless diamonds 
or needles, not molten at 300°, from 80% acetic acid (Found: As, 
26-0. C,H,O,N,As requires As, 26-3%). It is readily decomposed 
by boiling water or alkali carbonates, giving 1 : 2 : 3-benztriazole- 
5(6)-arsinic acid. The magnesium salt is amorphous. 

4-Nitro-3-aminophenylarsinic Acid—4-Chloro-3-nitrophenylarsinic 
acid (5 g.) (Balaban, J., 1928, 820) was heated in a sealed tube at 
160° for 8 hours with aqueous ammonia (d 0-880; 50 c.c.). On 
acidification, filtration and purification by precipitation from its 
alkaline solution, 2 g. of the above acid were obtained. It formed 
rich yellow, boat-shaped crystals, not molten at 300°, which dis- 
solved readily in alkalis but only in a large excess of hydrochloric 
acid (d 1-16) (Found: As, 28-3. C,H,O;N,As requires As, 28-6%). 
The acid is diazotisable and the product couples normally. Con- 
centrated caustic soda solution produces, on being heated with the 
acid, 4-nitro-3-hydroxyphenylarsinic acid, and reduction with 
ferrous hydroxide or sodium hyposulphite (compare Bertheim, Ber., 
1911, 44, 3095) gives 3 : 4-diaminophenylarsinic acid. The magnes- 
ium salt forms microcrystalline nodules from neutral solution; the 
ammonium salt is sparingly soluble in cold water. 

4-Nitro-3-acetamidophenylarsinic acid, obtained from the above 
acid by treatment with acetic anhydride and a trace of sulphuric 
acid at 80°, forms pale yellow needles from alcohol. It is readily 
hydrolysed by alkali (Found: As, 24-7. C,H,O,N,As requires As, 
247%). 

4-Amino-3-acetamidophenylarsinic acid, obtained by reduction of 
the above acid with ferrous sulphate and alkali, forms colourless 
needles very similar to those of its isomeride described above 
(Found: As, 27-35. C,H,,0,N,As requires As, 274%). On 
acetylation in sodium carbonate solution, both isomerides give 
3: 4-diacetamidophenylarsinic acid (compare Phillips, J., 1928, 
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3136). On treatment with nitrous acid, the former gives 1-acety]. 
1 : 2 : 3-benztriazole-6-arsinic acid (Found ; As, 26-25, C,H,O,N,As 
requires As, 26-3%); like its isomeride, this readily loses its acety| 
group on treatment with boiling water. 

On boiling 3-amino-4-acetamido- or 4-amino-3-acetamido-phenyl. 
arsinic acid with 5 parts of 4N-hydrochloric acid for 40 minutes 
and neutralising the mixture, a 60% yield of 2-methylbenziminazole. 
5(6)-arsinic acid was obtained. The cyclic acid, since it forms a 
monohydrate isomeric with the amino-acid from which it is formed, 
is most readily distinguished from the latter by the fact that it 
does not react with nitrous acid (compare Phillips, loc. cit.). 

3 : 5-Dinitro-4-acetamidophenylarsinic acid was obtained by the 
action of boiling acetic anhydride on 3 : 5-dinitro-4-aminophenyl- 
arsinic acid in the presence of a trace of sulphuric acid. It formed 
pale yellow prisms not molten at 300° and was readily soluble in 
alkalis, which hydrolyse it with extreme ease (Found: As, 21:8, 
C,H,O,N,As requires As, 21:5%). The magnesium salt is amorph- 
ous. Attempts to reduce this acid with sodium hyposulphite or 
ferrous hydroxide to the corresponding diamino-acid were unsuccess- 
ful. On boiling the dinitro-acid or its acetyl derivative under 
reflux for 30 minutes with sulphuric acid (d 1-45), 2 :6-dinitro. 
aniline, m. p. 135—136°, was formed; it was isolated by steam 
distillation (yield, 30%). 

Picrates of various benziminazoles have been prepared in the 
course of this work; since these are not recorded in the literature, 
their properties are given below :— 

; Picrate, Crystalline Picric acid, %. 

Benziminazole. m. p. Solvent. orm. Found.* Calc. 
Unsubstituted 220° Water Yellow prisms 65-6 66-0 
2-Methyl- 207—-208 Alcohol. Yellowrhombs 63-1 63-5 
2-Ethyl- 137 Alcohol Yellow hex- 60-8 61-1 

agonal plates 
1-Methyl- 248 Aleohol Yellow needles 63-7 63-5 
1 : 2-Dimethyl- 238 50% -Yellow prisms 61-3 61-1 
cohol 
Water 


1-Methyl-2-a-hydr- 210 Yellow rhombs 56-1 56-5 
oxyethyl- 
* As nitron picrate. 


The author is indebted to Dr. A. J. Ewins for his interest in and 
criticism of this work and to Mr. R. H. Klein, F.1.C., for many of 
the analytical data recorded in this and in previous papers of this 
series. 


Research Lasoratorres, Messrs. May & Baker, Lap., 
Wanpbswortnh, 8,.W. 18. [Received, October 17th, 1929.] 
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CCCLXXXTII.—Studies in the Penthian Series. 
Part II. Penthian-4-one. 


By GrorcE MacponaLp BEnnetr and WiLi4M BERTRAM 
WADDINGTON. 


PENTHIAN-4-ONE (J., 1927, 194) has been further investigated. 

The phenyl-, p-bromophenyl-, and p-nitrophenyl-hydrazones of the 
ketone have been prepared. The first two were readily converted 
by means of the Fischer indole transformation into penthienoindole 
(I) and 8-bromopenthienoindole respectively. 


~ 
‘AB (IL) 
CH,” ca, C,H 


Oxidation of the ketone by hydrogen peroxide yields a crystalline 
sulphone, penthianone dioxide, but a sulphoxide was not isolated 
nor could a sulphilimine be obtained. 

Substances of the general formula (II) are of special importance 
because of the stereoisomerism to be expected among their deriv- 


atives: several compounds of this type have been prepared. For 
instance, penthianone is converted through its crystalline cyano- 
hydrin into penthian-4-ol-4-carboarylic acid (A = OH, B = CO,H); 
and. by means of the appropriate organo-magnesium compounds 
into 4-phenylpenthian-4-ol (A = OH, B = Ph) and the corresponding 
4-benzylpenthian-4-ol, each of which yields a sulphone and a phenyl- 
urethane. Other derivatives of these substances are of special 
stereochemical interest and form the subject of the following paper. 


EXPERIMENTAL. 


Preparation of Penthianone—Ethyl thiodipropionate was made 
from $-chloropropionic acid (overall yield, 76%) and converted 
into the ketone (average yield, 22%). 

Penthianone is monoclinic with a : 6 : c= 1-9196 : 1 : 1-8781 
and 8 = 96° 10’. Measurements of eight selected crystals (from 
ether) gave the following mean angular co-ordinates :— 

a(100). ‘e(001). R(101). p(Tli). — «121). 
*83° 50’ *131° 13’ 131° 
90° 0’ 90° O° *35° 18’ 
The typical habit is shown in Fig. 1 (which has been drawn, with 
the 6 axis vertical), a and ¢ being large. No marked cleavage was 


detected. 
502 
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A straight extinction is found on the face a. In convergent 
polarised light the crystals are biaxial and an optic axis emerges 
almost perpendicular to a, the optic axial plane being coincident 
with 6(010). 

Action of Hydrogen Peroxide on Penthianone.—By oxidation in 
glacial acetic acid solution with hydrogen peroxide (1 equiv.) a 
substance (presumably the sulphoxide) of m. p. 113° (from toluene) 
was obtained on one occasion, but the preparation could not be 
repeated. 

Addition of excess (2} mols.) of hydrogen peroxide to the ketone 
in a little acetic acid and evaporation of the latter, a crystal of 
sodium acetate being added to remove mineral 
acid, yielded the sulphone, OS<OH oH >C0, 
which crystallised from toluene in colourless 
needles, m. p. 170° (Found: C, 40-5; H, 5-4. 
C;H,0,S requires C, 40-6; H, 5-4%). 

Phenylhydrazones and their Conversion into 
Penthienoindoles—The ketone reacted rapidly 
with aryl hydrazines in ethyl-alcoholic solution. 
The phenylhydrazone, best obtained pure by 
using a deficit of the reagent, separated from 
ethyl alcohol in pale buff, granular crystals, 
m. p. 119° (Found: N, 13-8. C,,H,,N,S requires 
N, 13-6%). It was converted by boiling for 
2 hours in glacial acetic acid solution into 
penthienoindole (I), which crystallised from light 
petroleum (b. p. 120°) in pale yellow, granular 
crystals, m. p. 157° (Found: N, 7-5. C,,H,,NS requires N, 7-4%). 
This substance was not affected by 2 hours’ boiling with acetic 
anhydride. 

Penthianone-p-nitrophenylhydrazone crystallised from ethyl] alcohol 
in orange needles, m. p. 156° (Found: N, 16-7. C,,H,,0,N,8 
requires N, 16-7%). It was recovered unchanged after 2 hours’ 
boiling in glacial acetic acid. 

The p-bromophenylhydrazone formed brown needles, m, p. 144’, 
from ethyl alcohol (Found: N, 10-1; Br, 28-25. C,,H,,N,Br8 
requires N, 10-1; Br, 28-1%). Heated in boiling glacial acetic acid 
for 4 hour, it yielded 8-bromopenthienoindole, which crystallised from 
light petroleum (b. p. 120°) in pale yellow needles, m. p. 162° (de- 
pressed to 112—130° by addition of the hydrazone) (Found: Br, 
29-85. C,,H,,NBrS requires Br, 29-85%). 

Conversion of Penthianone into Penthianolcarboxylic Acid.—The 
ketone (5 g.) was dissolved in water, with the addition of sodium 














Penthianone. 
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bisulphite (from 5-68 g. of sodium sulphite dissolved in water and 
saturated with sulphur dioxide), and cooled in ice and a solution of 
potassium cyanide (2-8 g.) was added. If the solutions were con- 
centrated, part of the cyanohydrin was precipitated. After 14 hours 
the product was removed in ether and the extract was washed with 
a little bisulphite solution and then with brine. The ethereal 
solution, dried over sodium sulphate, was evaporated; the residue 
crystallised on standing. Penthianone cyanohydrin, thus obtained, 
crystallised from light petroleum in long needles, m. p. 63° (Found : 
N, 9:7. CgH,ONS requires N, 9-8%). It was sparingly soluble in 
water or ligroin but readily soluble in most other solvents. 

The cyanohydrin was heated on the steam-bath with concentrated 
hydrochloric acid for 6 hours and the solution was diluted and ex- 
tracted with ether. The product from the dried extract soon 
solidified and was then recrystallised from benzene. Penthianol- 
carboxylic acid, S< Ct >C(OH)-CO,H, was thus obtained in silvery 
plates, m. p. 133°, fairly readily soluble in water and sparingly 
soluble in cold benzene or light petroleum. The acid was prepared 
in larger quantities by hydrolysing the crude cyanohydrin (yield, 
80% from the ketone) (Found: 8, 19-6; equiv., 161-5. C,H,)0,8 
requires S, 19-75% ; equiv., 162). 

The acid was oxidised by boiling it for 4 hour with hydrogen per- 
oxide (24 mols.) in glacial acetic acid; the acetic acid was then re- 
moved in steam, and the solution evaporated. The solid residue 


was the sulphone, O,S<¢?H*>C(OH)-CO,H, m. p. 208°, which 
2*"4 


crystallised from ethyl acetate in fine needles (Found: S, 16-4. 
CsH,90,S requires S, 16-5%). 

Action of Magnesium Phenyl Bromide on the Ketone.—The ketone 
(15 g. in 240 c.c. of ether) was added gradually to an ice-cooled and 
mechanically stirred solution of magnesium phenyl bromide (from 
3-9 g. of magnesium and 24 g. of bromobenzene in 180 c.c. of ether). 
To the mixture, after standing over-night, ice and a slight excess of 
hydrochloric acid were added. The ethereal layer with further 
ethereal extracts was dried over potassium carbonate and evap- 
orated. The product solidified on standing and was recrystallised 
from light petroleum. 4-Phenylpenthian-4-ol (II; A = OH, 
B = Ph), thus obtained, formed colourless granular crystals, m. p. 
78° (yield, 15 g. or 58%) (Found: C, 68-0; H, 7:25. C,,H,,08 
requires C, 68-0; H, 7-3). It was converted by heating at 100° 
for 2 hours with phenylcarbimide into the phenylurethane (II; 
A= 0-CO-NHPh, B= Ph), which crystallised from xylene in 
colourless needles, m. p. 186-5—188° (Found: N, 48. C,,H,,0O,NS 
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requires N, 4:5%). Heated in glacial acetic acid with hydrogen 
peroxide (24 mols.), phenylpenthianol was converted into the 
sulphone, which separated from ethyl acetate in colourless prismatic 
needles, m. p. 197° (Found: C, 58-1; H, 6-2. C,,H,,0,8 requires 
C, 58:4; H, 6-2%). 

Action of Magnesium Benzyl Chloride on the Ketone.—Penthianone 
(15 g. in 240 ¢.c. of ether) was added gradually to an ice-cooled and 
well-stirred solution of magnesium benzy] chloride (from 19-2 g. of 
benzyl chloride, 3-9 g. of magnesium, and 180 c.c. of ether). The 
solid product and the ethereal] solution were separately decomposed 
with ice and acid. The material recovered from the ethereal layer 
was contaminated with dibenzyl and did not readily yield the pure 
benzylpenthianol. That from the solid addition compound often 
remained as an oil until it was cooled in the ice-chest and inoculated 
with a crystal of the pure product. 4-Benzylpenthian-4-ol (II; 
A=OH, B=CH,Ph), thus obtained (yield, 26%), crystallised 
from light petroleum in colourless needles, m. p. 51° (Found: (, 
68-8; H, 7-5. C,,H,,OS requires C, 69-2; H, 7-7%). It yielded a 
phenylurethane, which crystallised from xylene in colourless needles, 
m. p, 194—195-5° (Found : N, 4-5. C,,H,,0,NS requires N, 43%), 
and by oxidation with bydrogen peroxide in excess a sulphone, which 
was obtained from ethyl acetate in elongated plates, m. p. 152-5° 
(Found: C, 59-9; H, 6-6. C,,H,,0,8 requires C, 60-0; H, 6-7%). 


THE UNIVERSITY, SHEFFIELD. [Received, November 2nd, 1929.) 





CCCLXXXIV.—Studies in the Penthian Series. Part 
III. Stereoisomeric Derivatives of Some Penthianols. 


By Gzorce Macponatp BENNETT and Wr11AM BERTRAM 
WaDDINGTON. 
Txx sulphoxide, the sulphilimine, and the alkylsulphonium salts 
derived from cyclic sulphides of the type S<CH CSB should 
gta 

according to stereochemical theory each occur in the cis- and 
trans-isomerides analogous to the dioxides, disulphilimines, sul- 
phoxide-sulphilimines and sulphoxide-sulphonium salts of 1:4 
dithian (Bell and Bennett, J., 1927, 1798; 1928, 86) and to the 
quaternary ammonium salts of 4-substituted piperidines (Mills, 
Parkin, and Ward, J., 1927, 2613). 

Three penthianols of the required structure have been synthesised 
(see preceding paper) and the examination of their derivatives for 
the occurrence of stereoisomerism is now described. 
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Each of the three sulphides studied yielded on oxidation a mixture 
from which two stereoisomeric sulphoxides were isolated by frac- 
tional crystallisation. These isomerides are tabulated below : 


a-. 


Phenylpenthianol oxides ... M. p. 187-5° M. p. 200° 
orthorhombic monoclinic 


Benzylpenthianol oxides ... M. p. 186° M. p. 150-5—152-5° 
orthorhombic monoclinic 


Penthianolearboxylic acid 

OXIDES casedacceonsrscsopeosces M. p. 222° (decomp.)  M. p. 184° (decomp.) 

The melting point of a mixture of the «- and §-forms is in each 
case lower than that of either. Complete crystallographic examin- 
ation has been made of two of these pairs of isomerides. 

The ease of separation of the stereoisomerides varied consider- 
ably, great difficulty being met with in the phenylpenthianol 
oxides, ‘where the mixture contained approximately equal amounts 
of substances of almost equal solubilities. This separation was 
finally accomplished by hand-picking crystals which were well 
developed as a result of slow crystallisation: the two diatinas 
substances were then separately purified. 

The methylsulphonium salts and the sulphilimine of plienyls 
penthianol were also prepared. The methylsulphonium picrate was 
readily separated into an «-isomeride, m. p. 158°, and a more soluble 
8-isomeride, m. p. 148°, which yielded respectively the «- and 
8-chloroplatinates. 

On the other hand, phenylpenthianol-p-toluenesulphonylimine was 
a beautifully crystalline substance of m. p. 217° and no second 
isomeride was isolated. From the mother-liquor of its.preparation, 
however, besides p-toluenesulphonamide, a little phenylpenthianol 
8-oxide was obtained. This may have arisen by direct oxidation 
of the original sulphide, but it may also be an indication. of hydro- 
lysis of the sulphilimines. It must be concluded that if a second 
sulphilimine is formed it is either lost by. hydrolysis or is present 
in too small a quantity to be detected. 

With the exception of the uncertainty concerning the sulphil- 
imine, the results of this study are in full accord with the require- 


ments of stereochemical theory. 


EXPERIMENTAL. 

Oxidation of Phenylpenthianol to a Pair of Sulphoxides.—Hydrogen 
peroxide (1 mol.) was slowly added to a stirred solution of the 
phenylpenthianol in glacial acetic acid kept cool by cold water. 
After 12 hours, a crystal of sodium acetate was added, the bulk 
of the solvent removed in steam, the solution evaporated to dry- 
hess on the steam-bath, and the residue dried in a desiccator. 
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Crystallisation of the mixed sulphoxides from ethyl acetate yielded 
a small quantity of 4-phenylpenthian-4-ol «-oxide, which after 
further recrystallisation from ethyl acetate formed long thin plates, 
m. p. 187—187-5° (Found: C, 62-6; H, 6-7; M, in camphor, 237, 
C,,H,,0,8 requires C, 62-8; H, 6-7%; M, 210). 

The remainder of the oxidation product was fractionally crystal. 
lised from ethyl acetate, but separation was effected only after 
slow crystallisation; the plates and fine needles then formed could 
sometimes be separated by hand-picking. A quantity of the 
needles, which had a m. p. higher than that found for the «-oxide, 
was collected and recrystallised from ethyl acetate. 

4-Phenylpenthian-4-ol $-oxide was thus obtained in flat needles, 
m. p. 199—200° (Found: C, 62-8; H, 70%; M, 227). A mixture 
of the «- and 8-oxides melted at 152—154°, and one of the §-oxide 
with the sulphone (m. p. 197°) at 165—178°. The separation of 
the §-oxide also led to the isolation of more of the «-isomeride. 

Crystallographic Properties of the a«- and 8-Phenylpenthianol 
Oxides.—The «-oxide crystallises in the orthorhombic system with 
a:b:¢ =0-9110:1:0-5650. The following forms and mean 
angular values were observed with five crystals (from ethyl 
acetate) : 

b(010). m(110). (210). (410). (023). (011).  #(053). 
0° 0’ *47° 40’ 65° 29’ 77° 20° 0° 0 O° 0 0° 0’ 
90° 0’ 90° 0’ 90° 0’ 21° 28’ *29° 28’ 43° 9’ 

The habit was usually tabular with 5 large, as in Fig. 1, but 
some crystals were of prismatic habit elongated along the c-axis 
with b small. The forms h, ¢ and either s or q were often absent. 

Straight extinctions were observed on 6 and on the prism faces, 
which confirms the symmetry. The position of the optic axes was 
not found. 

The 8-oxide is monoclinic with a:b: c = 0-3877 : 1 : 0-4674 and 
axial angle 8 = 113° 11’. The following forms and mean angular 
co-ordinates were determined with six crystals (from ethyl acetate) : 

b(010). &(230). m(110). (210). (011). (012). R(101). (312). 
@ ... 0° 0’ 60° 20’ *70° 23’ 29° 25’ 43° 27’ *61° 24’ 270° 255° 24’ 
p «. 90° 0’ 90° 0’ 90° 0’ 90° 0’ 31° 47’ *26° 0’ 38° 36’ 39° 38’ 

The usual habit is shown in Fig. 1; the forms f, J, g, and w were 
rarely observed. An oblique extinction found on 6 confirms the 
monoclinic symmetry. 

Solubilities of the Phenylpenthianol Oxides and Proportions pro- 
duced.—The determination of the solubilities of the isomerides in 
ethyl acetate supplied an explanation of the difficulty of separation 
by crystallisation. The solvent was saturated by stirring for 4 hours 
in a thermostat at 20-0°. The solubilities of the «- and the 8-oxide 
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are 0-422 g. and 0-475 g., respectively, per 100 g. of ethyl acetate 
The two oxides appear to be present in the oxidation product in 
approximately equal proportion. 

Oxidation of Benzylpenthianol to a Pair of Sulphoxides—The oxid- 
ation of benzylpenthianol (6-5 g.) by the method described above 
yielded a crude mixture of oxides (7 g.). Crystallisation from ethyl 
acetate gave 4-benzylpenthian-4-ol «-oxide, which separated from 
ethyl acetate in granular crystals (1-3 g.), m. p. 186° (Found : C, 
64:2; H, 7-2; M, in camphor, 229, C,,H,,0,8 requires C, 64:2; 
H, 7:2%; M, 224). 

Fie. 1. 
Phenylpenthianol oxides. 
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B-Oxide. 


By fractional crystallisation of the remainder of the oxidation 
product, 4-benzylpenthian-4-ol B-oxide (0-75 g.) was isolated, which 
formed fine needles, m. p. 150-5—152-5°, from ethyl acetate (Found : 
C, 63-9; H, 7:2%; M, 222). Admixture of the «-oxide depressed 
the m. p. to 133—136° : a mixture with the corresponding sulphone 
melted at 135—136°. ' 

Crystallographic Properties of «- and B-Benzylpenthianol Oxides.— 
The «a-oxide is orthorhombic with a:6b:c = 0-6072: 1: 0-4194. 
The following forms and mean angular values were observed with 
five crystals from ethyl acetate : 

a(100).  m(110). (010). (001). += r(101). ~—- (102). 
0° 


*31° 16’ 90° All values 0° 0 
90° 0’ 90° 0’ 0° 0’ *34° 38’ 18° §2’ 


The habit is shown in Fig. 2. 

Straight extinctions were found on the faces a, b, and c. In 
convergent polarised light the central portion of a biaxial figure 
is seen through either a or 6, the separation of the optic axes being 
so large that they lie just outside the field of view. One axis may 
be seen when the observation is made through the face m, the 
plane of the optic axes being parallel to c(001). 
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The $-oxide is monoclinic with @:b:¢ = 1:0738 : 1 : 0-5505 and 
axial angle 8 = 92° 16’. The forms and mean angles observed 
with four crystals from ethyl acetate were : 

6(010). g(230). m(110). (210). a(100). 
32° 24’ *42° 59’ «61° 57" 80° 0’ 
90° 90° 90° 90° 
(211). (lll). (311), 
62° 54’ 221° 48” 241°. 14’ 
32° 5° «= 36° 10° Ss hg* ss 4” 

The habit is tabular with b large and more or less elongation 
along the c axis (Fig. 2). The forms g, m, a, and p were sometimes 
absent and R(101) was found in one instance. 

The extinction on 6 is at 44° with the edge bm. 


Fia. 2. 
Benzylpenthianol oxides. 


























a-Oxide. 


Solubilities of the Benzylpenthianol Oxides and Proportions pro- 
duced.—The solubilities in ethyl acetate at 20-0° are «-oxide 0-297 g. 
and §-oxide 0-872 g. per 100 g. of solvent. The a- and B-oxides 
appear to have been formed approximately in the ratio of 2: 3. 

Oxidation of Penthianolcarboxylic Acid to a Pair of Sulphoxides.— 
The acid (7 g.), dissolved in glacial acetic acid, was oxidised by 
slow addition of hydrogen peroxide (1 mol.). The mixture was 
kept over-night, a crystal of sodium acetate added, and the solvent 
removed in the usual manner. The oxides were readily soluble in 
water or alcohol and sparingly soluble in benzene, acetone, or ethy! 
acetate, After several unsuccessful attempts the separation was 
effected by crystallisation from methyl] ethy] ketone. 

Penthian-4-ol-4-carboxylic acid «-oxvide crystallised from water in 
monoclinic prisms, m. p. 222° (decomp.; bath preheated to 210°) 
(Found: 8, 17-9. CgH,,0,8 requires 8, 18-0%). The m. p. was 
depressed to 188—193° by admixture of the corresponding sulphone. 
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Penthian-4-ol-4-carborylic acid §-oxide crystallised from water in 
rectangular plates with a straight extinction, m. p. 182—184° 
(decomp.) (Found: S,.17-:8%). A mixture with the «-isomeride 
melted at 165—171° (decomp.). 

The solubilities of the «- and 6-isomerides in methyl ethyl ketonis 
at 21-5° are 0-25 g. and 0-30 g., respectively, per.100 g. of solvent. 

Stereoisomeric Sulphonium Salts of Phenylpenthianol—Phenyl- 
penthianol (5 g.) was boiled for 2 hours with an excess of methyl 
iodide (25 g.) in ethyl alcohol (10 ¢.c.). The pale yellow, crystalline 
precipitate (yield, 98%) was recrystallised from 90% alcohol, and 
4-phenyl-1-methylpenthian-4-olsulphonium «-iodide obtained as col- 
ourless needles, m. p. 182-5° (decomp.) (Found : I, 37-7. C,,H,,OIS 
requires I, 37-89%). The m. p. of this salt fell on further crystallis- 
ation. Examination of the mother-liquor from the original crop 
gave indications of the presence of a more soluble substance, but 
owing to its instability this could not be isolated in a state of 
purity. 

The crude iodides (4 g.) were converted into picrates by the 
action of aqueous sodium picrate. The yellow oil which was pre- 
cipitated solidified on scratching and was separated with little 
difficulty into two substances. 

4-Phenyl-1-methylpenthian-4-olsulphonium «-picrate (2:75 g.) was 
isolated from the mixed picrates by repeated crystallisation from 
warm water. When crystallised from alcohol, it formed flat yellow 
needles, m. p. 158° (Found: N, 9:9. C,gH,0,N,S requires N; 
96%). This picrate constituted more than half of the original 
mixture. It is readily soluble in hot water or alcohol, but spar- 
ingly soluble in the cold solvents. The conversion of the «-iodide, 
described above, into the pure «-picrate by means of sodium picrate 
shows these salts to have the same configuration. 

The picrate was acidified with dilute hydrochloric acid, the picric 
acid removed in ether, and chloroplatinic acid added. The «-chloro- 
platinate was deposited in radiating clusters of prismatic needles, 
decomposing at 190—200° (Found: Pt, 23:4. C,,H,s0O,C1,S,Pt 
requires Pt, 23-6%). 

The material in the mother-liquors from the isolation of the 
«-picrate, fractionally crystallised from ethyl alcohol, yielded the 
isomeric 4-phenyl-1-methylpenthian-4-olsulphonium 6-picrate (0-5 g.), 
which crystallised from alcohol in fine. needles, often-forming sheaf- 
like bundles, m. p. 146—148° (Found : N, 10-0%).. This substance 
is markedly more soluble in water and alcohol than its isomeride, 
The m. p. of a mixture with the a-picrate was 143—152°. 

The 8-picrate was converted as before into the 8-chloroplatinate, 
which formed rectangular micro-plates decomposing at 165—194° 
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(Found: Pt, 23-9%). This substance is so soluble in water that 
it was necessary to keep the volume of the solutions used as small 
as possible in order to cause it to crystallise. 

Isolation of the Sulphilimine of Phenylpenthianol.—A solution of 
* chloramine T ” (12 g.) in water (65 c.c.) was filtered and added 
to phenylpenthianol (5 g. in 40 c.c. of alcohol). The mixture was 
heated on the steam-bath for } hour and cooled, and the precipitate 
collected. The crude substance had m. p. 206° and crystallisation 
from ethyl alcohol gave 4-phenylpenthian-4-ol-1-p-toluenesulphonyl- 
imine in white lustrous plates, m. p. 217° (Found: N, 4-1. 
C,,H,,0,NS, requires N, 3-8%). Further small quantities of this 
substance were isolated from the mother-liquors of its purification. 

The main reaction liquor was examined for the possible presence 
of an isomeric sulphilimine. After the separation and identification 
of two crops of p-toluenesulphonamide, the collected mother-liquors 
were evaporated to dryness. Extraction of the residue with dibutyl] 
ether yielded a little crystalline material, m. p. 182—187°, which 
contained no nitrogen and by slow crystallisation from ethyl acetate 
yielded crystals, m. p. 192—195°, of. almost pure phenylpenthianol 
8-oxide (m. p. 199—200°): admixture of the latter raised the 
m. p. to 195—199°. 

The phenylpenthianolsulphilimine, heated for 10 minutes with 
concentrated hydrochloric acid on the steam-bath and then diluted 
with water, yielded a little p-toluenesulphonamide. The other 
product of hydrolysis was not identified. 


We wish to express our thanks to the West Riding County Council 
for a scholarship which has enabled one of us (W. B. W.) to take 
part in the work recorded in this and the preceding paper, and to 
the Chemical Society for a grant which has defrayed a part of the 
cost of materials. 
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CCCLXXXV.—Investigations on the Dependence of 
Rotatory Power on Chemical Constitution. Part 
XXXIV.* Borotartaric Acid. 

By Srantey Grove Buresss and HarotpD HUNTER. 
THE peculiarities of the rotatory power and rotatory dispersion of 


tartaric acid and its derivatives have attracted attention ever since 
they were first observed by Biot, but it cannot be said that a satis- 
* The previous parts of these investigations to which reference is made in 


this paper are: Part XXIX, J., 1925, 127, 2552; Part XXX, J., 1926, 2079; 
Part XXXI, J., 1927, 188; Part XXXITI, J., 1928, 3000. 





ROTATORY POWER ON CHEMICAL CONSTITUTION. PART XXXIV. 2839 


factory explanation of them has yet been evolved. Particularly 
is this the case with the phenomena observed when boric and 
tartaric acids are mixed in aqueous solution. 

The addition of boric acid to aqueous solutions of d-tartaric acid 
produces three obvious effects: (a) the solubility of each acid is 
greater in the presence of the other than when alone (Herz, Z. anorg. 
Chem., 1903, 34, 205; 1911, 70, 70), (6) the hydrogen-ion concen- 
trations of solutions of the mixed acids, whether measured colori- 
metrically, conductimetrically, or potentiometrically, are higher 
than those due to either acid alone (Béeseken and Van Rossen, 
Rec. trav. chim., 1911, 30, 392; Béeseken, ibid., 1921, 40, 553), and 
(c) a pronounced change of rotatory power occurs, accompanied by 
a very marked alteration in the character of the rotatory dispersion 
(Biot, Ann. Chim. Phys., 1844, 11, 82; Lowry and Austin, Phil. 
Trans., 1922, A, 222, 249). 

These alterations in physical and chemical properties have 
usually been ascribed to the formation of molecular complexes, but 
there is apparently no record of the existence of any such complex 
in the solid state. It is true that Baudran (Ann. Chim. Phys., 1900, 
19, 559) has described a solid compound, crystallising in large 
prisms, of the formula B(C,H,0,),,3H,O, but, since this was obtained 
merely by the evaporation of an aqueous solution containing 
tartaric and boric acids in the molecular proportion 3:1, the 
evidence of its real existence is not at all conclusive. In the absence 
of a solid phase, the formulation of such a complex is very largely a 
matter of speculation, and Lowry and Austin (loc. cit.), and also 

‘ -p_-O’CH’CO,H 
others, have tentatively adopted the structure HO-B O-CH-CO,H’ 
adding that “ it is possible that the simple character of its rotatory 
dispersion may be due to the bridge between the two asymmetric 
carbon atoms which is shown in this formula.” Darmois (J. Chim. 
physique, 1926, 23, 649) has examined solutions of boric and tartaric 
acids both polarimetrically and electrometrically and considers that 
his results are best explained by assuming the formation of a com- 
pound of one molecule of boric acid with two molecules of tartaric 
acid. He was unable, however, to isolate this as a solid, and was 
equally unsuccessful in his attempts to obtain solid forms of the 
potassium or ammonium salt. 

The electronic theory of valency has been applied by Béeseken 
and others (Béeseken, Proc. K. Akad. Wetensch. Amsterdam, 1923, 
26, 97; 1924, 27, 174; Rec. trav. chim., 1916, 45, 919; Hermans, 
ibid., 1926, 46, 151; Proc. K. Akad. Wetensch. Amsterdam, 1923, 26, 
32; Rosenheim and Vermehren, Ber., 1924, 57, 1337) to explain the 
formation of boric acid complexes with organic hydroxy-compounds. 
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These compounds are given the general formula ¢ OBO 


with the boron atom at the centre of a epiro-structure, but again no 
unequivocal evidence of the structure of a borotartarie complex has 
been obtained. A formula of this kind is not inconsistent with the 
experimental observations presented in this paper, except for the 
very slight indication given by the data represented in Fig. 3 that 
an equimolecular compound is formed. Nevertheless, although the 
direct evidence in its favour is slight, an alternative formula for 
borotartaric acid is here put forward as a possibility, not only 
because it explains the facts at least as well as any other, but also 
because the termination of this collaboration renders it improbable 
that the work will be continued and makes it desirable to place on 
record that already done. 

Any theory of the action of boric acid on tartaric acid must, it 
would seem, account for the following facts : (a) the specific nature 
of the action of boric acid on organic hydroxy-compounds, (b) the 
large increase of rotatory power produced when boric acid is added 
to aqueous solutions of d-tartari¢ acid, (c) the marked change in the 
character of the rotatory dispersion of aqueous solutions of d-tartaric 
acid which occurs when boric acid is added, (d) the concurrent 
increase in the acidity and electrical conductivity of such solutions, 
and (e) the difference between the behaviour of tartaric acid as a 
dibasic acid before and after the addition of boric acid; the dis. 
sociation constants of the acidic groups of tartaric acid are sensibly 
equal (k,:k, = 11:1) and this acid accordingly simulates the 
behaviour of a monobasic acid on titration (see Fig. 1, A); the 
addition of boric acid, however, changes the form of the titration 
curve (Fig. 1, B) and causes it to show evidence of dibasic character. 
It will be seen that the first portion of the titration curve for borotar- 
taric acid lies above, and the second portion below, the corresponding 
curve for tartaric acid. This must mean that the addition of boric 
acid to tartaric acid strengthens one of the acid groups of the latter 
acid and weakens the other. 

Points (b) and (c) above are explained by Lowry and Austin 
(loc. cit.) by assuming that the complex rotatory dispersion of 
d-tartaric acid in aqueous solution is due to the presence in such 
solutions of two labile forms of the acid of different dispersive power, 
and that the increased rotatory power and close approach to simple 
rotatory dispersion exhibited by similar solutions to which boric 
acid has been added are due to the nearly complete combination of 
one such form of tartaric acid with the boric acid and the almost 
complete suppression of the other. It must be admitted that the 
facts are capable of explanation on this hypothesis, but an altern- 
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ative view is here put forward which accounts for the facts equally 
well without the necessity of postulating labile forms of tartaric acid 

According to the electronic theory of valency, boron is the one 
element above all others to form stable compounds in which the 
atom has only a sextet of electrons, ‘These compounds, of which 
BF, may be taken as an example, readily form addition compounds 
in which the octet of the boron atom is completed by the transfer of 
electrons from an atom in another compound, as in H*BF,~. Since 
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Equivalents of alkali 
A, Titration of M-tartaric acid with 2M-NaOH. 
B. ,, M-tartaric acid + M-boric acid with 2M-NaOH. 
the transfer of electrons must result in the formation of a charged 
system, the addition of compounds of boron in this manner to other 
compounds must give rise to a polar bond if the resultant compound 
is ionised at the boron atom, or to a semipolar double bond if it is 
not. The main theoretical idea underlying this paper is that the union 
of boric acid to tartaric acid, and probably to other organic hydroxy- 
compounds, occurs by the formation of a semipolar double bond, thus : 
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Lon = \b-BCOn 
+ ae a ee 


This structure ot borotartaric acid immediately recalls that assigned 
to sulphoxides, he O, and related compounds by Phillips and 


his collaborators (Parts XXIX, XXX, XXXI, and XXXII 
loc. cit.), and we should expect the positively charged oxygen atom 
in the borotartaric acid molecule to play somewhat the same part 
as does the positively charged sulphur atom in the sulphoxide, 
sulphinic ester, or sulphilimine molecule. Unfortunately, it has so 
far proved impossible to isolate borotartaric acid in either the 
optically active or the optically inactive form, so that this view 
cannot be subjected to the crucial experimental test of direct 
resolution of the compound into any of its active forms. 

It may be argued, however, that, since the union of boric and 
d-tartaric acid takes place under the influence of the dissymmetric 
carbon system of the latter, it is fair to assume that the latent 
optical activity associated with the positively charged oxygen atom 
is thereby developed, and that therefore this union produces a new 
optically active system about the oxygen atom concerned in the 
semipolar double bond. If, further, we assume that the rotatory 
power of this new dissymmetric system is comparable in magnitude 
with the very large values observed in the structurally similar 
sulphur compounds of Phillips and his co-workers, we have at once 
an explanation of the changes in rotatory and dispersive power 
observed when boric acid is added to solutions of d-tartaric acid. 
The rotatory power of tartaric acid in the visible region of the 
spectrum is small, and may be represented as the difference of two 
much larger and nearly equal terms. This accounts for the well- 
known experimental fact that in this region of the spectrum the 
rotatory power of tartaric acid varies but little with wave-length. 
If, therefore, the addition of boric acid to a solution of d-tartaric acid 
results in the addition of at least one more large term to the dis- 
persion equation of the latter to account for the formation of an 
optically active oxygen atom, then two effects will be expected. 
There will be, first, a large increase in the magnitude of the rotatory 
power in the visible region of the spectrum, and secondly, a simul- 
ation of simple rotatory dispersion in this region, since the added 
form will overshadow the others. If the dispersion constant of the 
added term is smaller than the dispersion constants of the terms in 
the equation for tartaric acid, then the latter will gain in importance 
more rapidly than the added term as the region of the spectrum in 


or 
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which the absorption bands of tartaric acid are situated is 
approached. This will result in an increasingly apparent departure 
of the dispersion from simplicity, which is precisely the effect 
actually observed. 

The ring condensation formula for borotartaric acid (see p. 2839) 
offers no explanation of the increased hydrogen-ion concentration 
caused by the addition of boric acid to aqueous solutions of tartaric 
acid. Furthermore, from the symmetry of this formula, we should 
expect that the ionisation constant associated with each acidic group 
of the tartaric acid would be similarly affected by the addition of 
boric acid, so that titration curves of tartaric and borotartaric acids 
would be sensibly parallel. This is far from being the case. The 
hydrogen-ion concentration of a solution of tartaric acid to which 
boric acid has been added is higher than that due to tartaric acid 
alone, but as neutralisation proceeds, the curves cross (see Fig. 1), 
the second ionisation constant of borotartaric acid being much 
smaller than the corresponding figure for tartaric acid. This 
observation can be explained by the addition theory put forward 
in this paper. The action of induced alternate polarity from the 
semipolar double bond as indicated in the skeleton formula 


+— + 
BO-0<C'0'H (2) is to favour the ionisation of the hydrogen atom 


C-C-O-H (6) 

+-+- 
(a), but to oppose that of atom (b). This effect is observed which- 
ever oxygen atom in the tartaric acid molecule is involved in the 
semipolar double bond, and is a result of the high degree of structural 
symmetry possessed by this molecule. It should be borne in mind, 
too, that the charges involved in a semipolar double bond are 
perfectly determinate and are not more or less hypothetical tendencies 
capable of manipulation to suit the purposes of a particular argu- 
ment, as has unfortunately been the case with some of the applic- 
ations of the theory of induced alternate polarity. 


The Equilibria H,BO, + C,H,O, == Borotartaric Acid == 
Borotartrate Ion +- H+. 

When an infinitely strong (completely ionised*) monobasic 
acid in aqueous solution is diluted ten-fold, the pg of the solution 
rises by one unit. When, on the other hand, an infinitely weak 
(very feebly ionised) acid is subjected to ten-fold dilution, the pu 


* In this section, the terms “‘ ionised ’’ and “ ionisation ”’ will be applied only 
to the process represented by the second of the above equations, whilst the 
terms ‘ dissociated’’ and ‘‘ dissociation ’’ will be reserved for the process 
represented by the first equation. 
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rises by only 05 unit.* Normally, all acids show alterations of p, 
with dilution which lie between these limits. But a solution which 
is M with regard both to tartaric and to boric acid, or even one 
which is 0-5M with respect to the former and 0-75M to the latter, 
shows 4 more rapid increase of p, with dilution than would an 
infinitely strong acid, although the p, corresponding to the acid 
concentration indicates incomplete ionisation: hydrogen ions are 
removed from unit volume more rapidly than can be accounted for 
by the dilution factor alone. There can be only one explanation 
_ Of this fact : superposed upon the normal dilution effect is one due 
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*logC 
Variation of pu with concentration. 
A. Tartaric acid. 
B. Tartaric and boric acids in equimolecular proportion, 
to the removal of ‘hydrogen ions from solution by the dissociation 
of the strong borotartaric acid into the weaker boric and tartaric 
acids. 

This point is illustrated in Fig. 2 where, for convenience, p; — 
(Pa)w is plotted against —log C, p, being the p, of a solution con- 
taining C' mols. of tartaric acid per litre, and (p,)y that of a solution 
of unit acid concentration. It will be observed that the curves 


* Let the degree of ionisation, hydrogen-ion concentration, and py at 
dilutions V, and V, be a,, a, [H"]},, [H"],, (pa), and (pu),, respectively. Then, 
if K be the ionisation constant, a,*/(1 — a,)V, = a,°/(1 — a,)V, =, and, 
since a, and a, are negligible compared with unity, a,7V,—=a,*V,. If V,= 
10V;, a,fa, = 1//10.. But [H"),/[H"], = «,V,/a,V, = V10, so that 
log ie 1/[H"], — logyy 1/[H"], = logy, V10 or (pu), — (px), = 0-5. 
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become parallel towards the lower left-hand corner of the figure: 
they would, of course, meet at infinity in this direction but for the 
fact that the ionisation of the solvent becomes important in the 
neighbourhood of py 7. 

It is not possible to treat the equilibrium relations between 
boric, tartaric, and borotartaric acids and their ions. with any 
considerable degree of rigour, because borotartaric acid is a strong 
electrolyte and the solutions under consideration are concentrated, 
but the following treatment is sufficiently accurate to indicate the 
approximate relations. It is to be observed that the fact that the 
solutions are concentrated does not debar us from applying the law 
of mass action to the equilibrium boric acid + tartaric acid —= 
borotartaric acid, since this is not an ionic reaction. Furthermore, 
since we have little information as to the molecular ratio in which 
boric and tartaric acids combine, the simplest hypothesis of com- 
bination, molecule for molecule, is adopted. This hypothesis is 
supported by the measurements of rotatory power (Table III and 
Fig. 3). 

The p, of a solution molar in both tartaric and boric acids is 
0-47 (Table II). The acidity of this solution is so high that borotar- 
taric acid must be comparable in strength with sulphuric acid: if 
combination between boric and tartaric acids is complete, then 
borotartaric acid must be at least 34°% ionised at this concentration, 
whilst if it is appreciably dissociated into boric and tartaric acids, 
it must be a stronger acid still. We may therefore neglect the 
ionisation of tartaric and boric acids when dealing with solutions of 
this concentration, and assume that the hydrogen-ion concentration 
of solutions of borotartaric acid would be proportional, over small 
ranges of concentration, to the borotartaric acid concentration if no 
dissociation occurred. The error introduced by this assumption 
will be in the direction of reducing the calculated value of the 
equilibrium constant of the above reaction so that the result obtained 
will be a lower limit for the value of this constant, 

([HsBOs](CgHe0e] _ x 
[borotartaric acid] $ 

We may reverse the above argument, and infer that, since the py 
of the above solution is 0-47, at least 34°% of the tartaric acid must 
be combined with boric acid if borotartaric acid is completely 
jonised in solution, whilst if it is not, then more than this amount 
of combination must occur. The actual conditions will probably 
lie between the two extremes. It is now quite a simple matter to 
obtain, by a process of trial and error, the approximate value of K. 
The py—dilution curves are fitted best by assuming 30% dissociation 
in a solution molar in tartaric acid and boric acid, giving K = 0-129. 
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The proportion of free tartaric acid in a solution 05M in tartaric 
acid and 0-75M in boric acid is then 25% as a lower limit. It 
follows from this that a molar solution of borotartaric acid, if it 
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Lines of equal rotatory power for the system boric acid—d-tartaric acid-water. § and 
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The case for the postulation of the formation of an additive 
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of tartaric acid to one of boric, appears sufficiently cogent to warrant 
an experimental investigation of the question by another method. 
An application of the principles of the phase theory is one such 
method of approaching this problem, though it is to be remembered 
that this theory affords no information as to the structural, as 
distinct from the ultimate, composition of any phase, and that 
therefore the method will fail in the event of the non-appearance of 
a solid phase of borotartaric acid. Apart from this possibility of 
failure, Schreinemakers’s method of intersecting tie-lines should 
furnish an unequivocal solution to the problem of the ultimate 
composition of borotartaric acid. In short, should borotartaric 
acid appear as a solid phase in the system, the conjugation lines 
running from the solubility curve of borotartaric acid will intersect 
on the base of the triangle in Fig. 4 if no elimination of water occurs, 
and beyond the base (outside the triangle) if elimination of water 
does occur. This method should, if successful, also decide between 
1:1 and 1 : 2 combination of boric and tartaric acids. 

Actually, no evidence of the existence of solid borotartaric acid 
was obtained at any of the temperatures employed in this investig- 
ation. It must be borne in mind, however, that the invariant 
solutions obtained had very high concentrations of the mixed acids 








ve 
a 


(e.g., at 50°, the water content of the solution saturated with both 
‘cids was only 16°) and were very viscous indeed. In view of this 
ict, and also of the fact that the presence of nuclei of solid borotar- 
taric acid could not be assured, the possibility that the results 
obtained partly represent metastable equilibrium cannot be over- 
looked, and it would be rash to assert that solid borotartaric acid 
cannot exist under some, at least, of the experimental conditions 
described herein. 

Nevertheless, this part of the investigation has not been altogether 
unfruitful. The slopes of the curves in Fig. 4 afford fresh evidence 
that some sort of combination of the acids does occur in the liquid 
phase (compare Koppel, Z. physikal. Chem., 1905, 52, 385; Caven 
and Mitchell, J., 1924, 125, 1428). It may fairly be argued, too, 
from the fact that the slopes of the solubility curves increase as the 
temperature is lowered, that combination is more complete at low 
temperature, and that therefore it occurs with the evolution of heat. 


Rotatory Power. 

The rotatory powers of solutions in the liquid phase region of the 
equilibrium diagram at 25° are recorded in Table III and Fig. 3. 
It will be seen that the lines of equal rotation in this figure are the 
contour lines of a surface showing the variation of rotatory power 
with composition, and that they indicate a ridge on this surface 
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running directly over the line representing equimolecular mixtures 
of the two acids. It is unfortunate that the physical conditions do 
not allow this ridge to be followed very far, but the curves certainly 
indicate that, of mixtures containing the same proportion by weight 
of mixed acids, that containing the acids in equimolecular proportion 
has the maximum rotatory power, and it is considered fair to infer 
from this fact that the compound of the two acids contains them in 
equimolecular proportion. 
Fia. 4. 





80 6 40 
The system boric acid—d-tartaric acid-water. 


EXPERIMENTAL. 


Solubility Determinations —A.R. Boric and tartari¢ acids were 
purified by three or four crystallisations, the former from water and 
the latter from acetone, and suitable quantities were placed with 
distilled water in closed bottles. These bottles were clamped with 
their axes horizontal to a horizontal shaft and completely immersed 
in the water of a thermostat. The shaft was driven by a motor and 
thus served to agitate thoroughly both the solutions and the water 
in the thermostat. The temperatures were controlled to +-0-05° by 
means of a Lowry spiral thermoregulator, except for the measure- 
ments at 0°, for which melting ice was used. Preliminary observ- 
ations showed that equilibrium was attained within 48 hours, and 
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at the end of this time samples of the liquid phase were withdrawn 
through muslin into a warmed pipette, weighed, and analysed. 
Samples of the moist solid residues were taken, drained by rapid fil- 
tration on Gooch crucibles with mats of fritted glass, and jacketed 
with water from the thermostat, weighed, and analysed. The results 
are given in Table I and Fig. 4. 





Tass I. 
Solubility data for the condensed isothermal system boric acid- 
d-tartaric acid-water. 
(Compositions given in percentages by weight.) 
(a) At 0°. 
Residue. Selid phase. 


H,O. C,H,0,. H;BO;. 4H, 
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9-6 
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5-1 





| | 


| | 


| 
| 


28-0 
24:0 
20-7 
16-2* 
19-2 
25-2 
35-0 
49°5 
61-2 
64-9 
70-4 
75-0 
76-1 
86-1 
90-5 

* Invariant solution obtained from two different initial mixtures in each 
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Method of analysis. It was anticipated that the analysis of the 
samples would prove to be a matter of some difficulty, but this fear 
was not realised. Preliminary titrations of solutions of known 
composition, a hydrogen electrode being used, showed that there 
was a definite, though small, py interval between the end of the 
neutralisation curve of the tartaric acid and the beginning of that 
of the boric acid. The analysis of mixtures of these two acids 
therefore became a matter of suitable choice of indicators, and the 
following method was devised. 

The mixed acids were titrated with caustic soda, bromothymol. 
blue being used as indicator, until the yellow colour changed to 
green. This gave the amount of tartaric acid in the solution. 
Neutral glycerol was then added and, owing to the formation of 
a boroglycerol complex, the pg of the solution fell, and the indicator 
again became yellow. Phenolphthalein was now added and the 
solution titrated until the colour changed to lilac (compounded of 
the blue of the first indicator and the red of the second). The 
additional amount of alkali added gave the amount of boric acid 
present. The acids should not be more dilute than 0-LN, and the 
amount of glycerol added should be about one-third of the volume 
of the solution. The final lilac colour must, of course, persist after 
the addition of a further quantity of glycerol, and it is advisable 


although not essential, to have a comparison standard green solution 
for the first part of the titration, and to work throughout by the 
light of a “‘ daylight ” lamp. 

Potentiometric Determinations.—The py measurements were made 
in the usual way. Hydrogen from cylinders was washed with 


TaB_eE II. 
Variation with dilution of the py of solutions containing tartaric acid. 
(v = Dilution of tartaric acid in litres per mol.) 
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TaBeE III. 


Observed rotatory powers of solutions of boric and tartaric acids in 
water at 25°. (1 = 200 mm., 4 = 5461 A.) 


(All ratios and percentages are by weight, and all rotatory 
powers are positive.) 


C,H,0, : H,BO;. H,0, %. a. C,H,O, : H,BO;. H,0O, %. a. 
29-7 : 70°3 93-0 2-10° 85-7: 14-3 62-8 39-44° 
94-3 1-67 
95-7 1:19 ° 31-60 
50°3 : 48-7 89-8 5-55 : 
92-2 3°95 
94-3 2-64 ‘ 19-40 
. 16-85 
70°7 : 29-3 80-2 18-18 
82-4 15-63 
84-4 13-46 7 9-15 
86-0 11-66 . 6-71 
87-7 9-85 
89-6 8-09 
91-3 6°51 
92-6 5-29 
94-6 3°51 
83-1 : 16-9 69-1 33-00 
71-8 28-30 
75-1 24-12 
77-1 21-55 
78-9 18-58 
82-0 15-89 
84-2 12-63 
87-7 9-21 
88-5 7-57 
92-1 4-69 
95-8 
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28-86 
24-99 
19°34 


8-14 
6-23 
4-75 


10-79 


9-24 
7°46 
5-18 
3°15 
1-64 


94: 
58- 
63- 
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95- 
40- 
48- 
54: 
65- 
74: 
82: 
90- 
95: 
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C,H,0, : H,0. H,BO,, %. a. C,H,O, : H,0. H;BO,,%. a. 
45:1 : 54-9 1:96 25-10° 59-3 : 40-7 1-98 24-38° 

3°85 38-38 3: 38-11 
5-66 48-98 Ps 50-14 
7-41 56-88 . 60-55 
9-09 62-45 69-58 
1-95 26-30 65:5 : 34:5 “ 60-76 
3°48 40-70 . 67-82 
5-65 52°85 ‘ 73-18 
7-39 62-87 ° 78-21 
9-07 70-25 11-13 82-39 

12-11 86-77 


alkaline pyrogallol, alkaline permanganate, and two lots of distilled 
water, and then passed over duplicate electrodes of the Jordan 
Lloyd type. Any divergence between the readings with the two 
electrodes led to their immediate rejection and the substitution of 
two others. The standard half-cell was of the saturated calomel 
type and was connected to the hydrogen half-cell through saturated 
potassium chloride solution by means of an agar bridge. 
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Since these solutions are not buffered, the figures are not trustworthy 
beyond v = 1000. 

Polarimetric Determinations The rotatory powers of solutions 
of boric and tartaric acids were observed in a jacketed 200-mm. tube 
at 25° and are here quoted as read. The illuminant was a mercury 
arc, and the green line, 2 = 5461 A., was isolated with the aid of a 
spectroscopic eyepiece. In order to cover the area of unsaturated 
solutions on the equilibrium diagram as completely as possible, 
solutions were made up by taking a series of mixtures of two com. 
ponents and adding to each series successive quantities of the third 
component and determining the rotatory power after each addition. 


Summary. 

1, The hypothesis is advanced that the combination of boric acid 
and organic hydroxy-compounds occurs by the formation of a 
semipolar double bond between the boron atom and an oxygen atom 
in the organic molecule. In favourable circumstances this oxygen 
atom’ may be a centre of dissymmetry and so give rise to ‘optical 
activity. ; 

2. This hypothesis explains (i) the specifie action of boric acid, 
(ii) the increase in rotatory power, (iii) the change in the character 
of the rotatory dispersion, (iv) the increase in the hydrogen-ion 
concentration, and (v) the change in the shape of the titration curve 
observed when boric acid is added to aqueous solutions of d-tartaric 
acid. 

3. The equilibrium constant of the reaction between boric and 
tartaric acids in aqueous solution is shown to be approximately 
0-129 (concentrations in mols. per litre) at room temperature and to 
increase as temperature falls. Borotartaric acid is shown to be 
comparable in strength with sulphuric acid. 

4. The system boric acid-d-tartaric acid-water has been studied 
at 0°, 25°, and 50°; no solid phase of borotartaric acid has been 
isolated, but other evidence of combination has been found. 


Part of the expense of this investigation was defrayed by grants 
for which the authors are indebted to the Government Grant 
Committee of the Royal Society. They also wish to thank Mr. D. S. 
Perry, B.Sc., for assistance in some of the experimental work, and 
Dr. J. Kenyon for his kindly interest. 
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CCCLXXXVI.—The Rotatory Dispersion of Organic 
Compounds. Part XVIII. Potassium Borotartrate.* 


By Tuomas Martin Lowry. 


In the Bakerian Lecture for 1921 (Lowry and Austin, Phil. Trans., 
1922, A, 222, 287) it was shown that the rotatory dispersion of an 
equimolecular mixture of tartaric and boric acids (1 mol. per litre 
of each acid) no longer exhibited the gross anomalies that had been 
recorded in aqueous solutions of tartaric acid, but showed a normal 
rotatory dispersion which could be expressed by the simple formula 
([M] = 24-835/(a2 — 00271). A more exact series of observations, 
including readings for 18 lines in the visual and 5 lines in the photo- 
graphic region of the spectrum, showed, however; that the simple 
formula was only an approximation; but since the negative term 
in the complex formula was very small (only about 1/20 of the 
positive term) the opinion was expressed that it ‘“‘ would probably 
disappear altogether if a sufficient quantity of boric acid were used: 
to convert the tartaric acid wholly into borotartaric acid.’’, 
ustification for this view was found in the fact that the dispersion: 
of a solution of tartaric acid, of half the concentration previously : 
used, but containing 14 molecular proportions of boric acid, was 
so nearly simple that the only hint of complexity was that given by 
a few negative errors in the red and in the extreme violet region of 
the spectrum. The calculated values for this solution were there- 
fore deduced from a single term of Drude’s equation; but these 
umbers were used in order to demonstrate the presence of system- 
ntic deviations, and thus to prove the complexity and not the 
‘implicity of the rotatory dispersion. The excess of boric acid 
vhich serves to. convert the complex dispersion of tartaric acid 
nto a simple dispersion (see loc. cit., p. 288, § 5 of summary) must 
herefore be interpreted by means of the preceding text as ‘‘a quantity 
sufficient to convert the tartaric acid wholly into borotartaric acid.”’ 
* Borotartrates of different compositions have been used in pharmacy for 
early a century (Dulk, Annalen, 1832, 2, 39; Soubeiran, ibid., 1839, 31, 192; 
Soubeiran and Capitaine, ibid., 1840, 34, 204, et seg.), but there is no evidence 
0 show that any of them are definite chemical compounds. Baudran (Ann. 
him. Phys., 1900, 19, 559) clairned to have isolated B(C,H,O,),,3H,O and 
B(C,H,KO,),,4H,O, but his observations have been called in question by 
osenheim (Z. anorg. Chem., 1906, 48, 206) and by Darmois (J. Chim. physique, 
926, 28, 671). The existence of a ditartaroboric acid was postulated by 
Vubrunfaut (Compt. rend., 1856, 42, 112), by Grossmann and Wieneke (Z. 
physikal. Chem., 1906, 54, 385), and finally by Darmois, who mixed equi- 
molecular quantities of potassium tartrate and tartaric acid with 2/3 mol. of 
boric acid, but obtained in this way a solution which deposited potassium 
ao tartrate instead of the borotartrate now described. 
D 
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In view of the definite proof which we gave of the complex char. 
acter of the rotatory dispersion of our solutions, we regret that 4 
directly opposite opinion has been attributed to us by two writers, 
Descamps, who devised an apparatus by which he could measur 
the rotatory power of tartaric acid to 2537 A.U. (Compt. rend, 
1927, 184, 453) found that the rotatory dispersion of two equimole. 
cular mixtures of boric and tartaric acids was anomalous in the 
ultra-violet region, and that a maximum could still be observed: 
when 1} mols. of boric acid were used, although the reversal of sign 
was now beyond the limits of observation; but he makes the state. 
ment that “Lowry and Austin have concluded that the curves of 
rotatory dispersion of aqueous solutions of tartaric acid containing 
an equimolecular quantity or a slight excess of boric acid belong to 
the simple type.’” Descamps therefore regarded his measurements 
as correcting an error into which we had fallen as a result of using 
too narrow a range of wave-lengths, whereas the anomalies which 
.he observed had actually been predicted by us (just as in the case 
aof sodium tartrate, Lowry and Vernon, Proc. Roy. Soc., 1928, 4, 
#119, 706) when we expressed our measurements with the help of 
Drude equation with two terms of opposite sign, in which k,>k, 

(whilst 2,>A,. 

A misleading impression is also created by Hunter’s statement 
| (Ann. Reports, 1928, 25, 18) that “ the validity of the conclusions 
of Lowry and Austin—that the addition of sufficient boric acid ts 
aqueous solutions of tartaric acid ‘fixes’ one of its hypotheticd 
dynamic isomerides and thus, by eliminating one component of a 
alleged mixture of two substances of opposite rotation and unequal 
simple rotatory dispersion, produces simple rotatory dispersion in 
the solution—is rendered doubtful by the work of R. Descamps.” 
The true position is that Descamps, using solutions 5—15 time 
more dilute than ours, was able to demonstrate the anomalou 
character of the rotatory dispersion of mixtures to which we hails 
already assigned a rotatory dispersion of this type, and that Burges 
and Hunter (preceding paper) have obtained independent evidence 
of the presence in these mixtures of the free tartaric acid to whi 
we had already directed attention. One set of observations ther 
fore explains the other, and both lend support to our conclusi0 
that the complex rotatory dispersion of these solutions is due 
uncombined tartaric acid, and would therefore become simple onlj 

when this had been converted wholly into borotartaric acid. 

This problem has, however, been carried much nearer to a solutit 
by the work described in Descamps’s thesis (published early in 192 
but not referred to in the Annual Report for that year), in whichi 
was shown that, when the molecular proportion of tartaric acid at 
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constant concentration of boric acid was decreased, the maximum 
was displaced further and further into the ultra-violet as follows : 


H,(C,H,O,)/H,BO, 45 18 0-7 0-27 0-14 0-045 0-015 
Maximum, A.U.... 3300 2925 2830 2760 2700 


Finally, at a molecular ratio H,(C,H,O,)/H,BO, = 0-006, the maxi- 
mum was displaced beyond the limit of transmission of light at 
2537 A.U., and the only indication of possible complexity was a 
doubtful point of inflexion beyond 2753 A.U. A condition of normal 
-B(and perhaps simple) rotatory dispersion was thus realised, right up 
to the limit at which Drude’s formula ceases to be applicable. One 
must suppose, however, that more precise measurements of optical 
rotatory power might still reveal the effects of traces of tartaric 
acid, since these could only be eliminated completely from a rever- 
sible system when the boric acid was in infinite excess. 

Similar experiments with ammonium tartrate showed a maxi- 
mum at 3020 A.U., which was displaced beyond the limit. of trans- 
mission at 2537 A.U. even when the molecular ratio was as high as 
NH,),C,H,O,/H,BO, = 3-4, leaving only an inflexion at 2800 A.U. 
to mark the complexity of the rotatory dispersion. When the 
molecular ratio was reduced to 1-4, 0-7, and 0-13, the curves were 
normal throughout. The addition of borax to a solution of normal 
sodium tartrate, however, was almost without effect, showing that 
the two acid radicals do not interact to any marked extent in 
alkaline solutions. 

More remarkable effects were produced by the addition of boric 
acid to potassium hydrogen tartrate, for a dispersion curve with a 
maximum at 3650 A.U. became normal on the addition of only 
0-5 mol. of boric acid to each mol. of tartaric acid. Moreover, this 
curve was not displaced to any important extent when the pro- 
portion of boric acid was increased to 1 or to 2 mols. These results 
show that the product to which the solutions owe their high optical 
activity is stabilised by the addition of a small proportion of alkali, 
but destroyed almost completely when alkali is added in sufficient 
quantity to convert the tartaric acid into a normal tartrate and the 
boric acid into borax. It is also clear that, when the condition of 
maximum stability is reached, each molecule of boric acid is capable 
of transforming two molecules of tartaric acid from a low rotatory 
orm with anomalous rotatory dispersion into a high rotatory form 
with normal rotatory dispersion. 

In view of the preceding results, an attempt was made to isolate 
@ complex salt from a mixture of potassium hydrogen tartrate 
(38 g.; 0-2 mol.) and boric acid (6 g.; 0-1 mol.) in water (100 c.c.) ; 
but, since Béeseken’s borosalicylates contain only one atom of 
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In view of the definite proof which we gave of the complex char. 
acter of the rotatory dispersion of our solutions, we regret that a 
directly opposite opinion has been attributed to us by two writers. 
Descamps, who devised an apparatus by which he could measur 
the rotatory power of tartaric acid to 2537 A.U. (Compt. rend, 
1927, 184, 453) found that the rotatory dispersion of two equimole. 
cular mixtures of boric and tartaric acids was anomalous in the 
ultra-violet region, and that a maximum could still be observed fq: 
when 1} mols. of boric acid were used, although the reversal of sign 
was now beyond the limits of observation; but he makes the state. 
ment that “ Lowry and Austin have concluded that the curves of 
rotatory dispersion of aqueous solutions of tartaric acid containing 
an equimolecular quantity or a slight excess of boric acid belong to 
the simple type.’’ Descamps therefore regarded his measurements 
as correcting an error into which we had fallen as a result of using 
too narrow a range of wave-lengths, whereas the anomalies which 
.he observed had actually been predicted by us (just as in the case 
aof sodium tartrate, Lowry and Vernon, Proc. Roy. Soc., 1928, 4, 
a119, 706) when we expressed our measurements with the help ofa 
Drude equation with two terms of opposite sign, in which k,>k, 

(whilst 2,>,. 

A misleading impression is also created by Hunter’s statement 
| (Ann. Reports, 1928, 25, 18) that ‘‘ the validity of the conclusion 
of Lowry and Austin—that the addition of sufficient boric acid to 
aqueous solutions of tartaric acid ‘fixes’ one of its hypotheticd 
dynamic isomerides and thus, by eliminating one component of a 
alleged mixture of two substances of opposite rotation and unequd 
simple rotatory dispersion, produces simple rotatory dispersion in 
the solution—is rendered doubtful by the work of R. Descamps.” 
The true position is that Descamps, using solutions 5—15 time 
more dilute than ours, was able to demonstrate the anomalow 
character of the rotatory dispersion of mixtures to which we hai 
already assigned a rotatory dispersion of this type, and that Burges 
and Hunter (preceding paper) have obtained independent evidenc¢ 
of the presence in these mixtures of the free tartaric acid to whi 
we had already directed attention. One set of observations ther 
fore explains the other, and both lend support to our conclusi 
that the complex rotatory dispersion of these solutions is due 
uncombined tartaric acid, and would therefore become simple onl! 

when this had been converted wholly into borotartaric acid. 

This problem has, however, been carried much nearer to a solutit 
by the work described in Descamps’s thesis (published early in 19% 
but not referred to in the Annual Report for that year), in whichi 
was shown that, when the molecular proportion of tartaric acid at 
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constant concentration of boric acid was decreased, the maximum 
was displaced further and further into the ultra-violet as follows : 


H,(C,H,0,)/H,BO, 45 1-8 07 0-27 014 0-045 0-015 
Maximum, A.U.... 3300 2925 2830 2760 2700 


Finally, at a molecular ratio H,(C,H,O,)/H,BO, = 0-006, the maxi- 
mum was displaced beyond the limit of transmission of light at 
2537 A.U., and the only indication of possible complexity was a 
doubtful point of inflexion beyond 2753 A.U. A condition of normal 
‘(and perhaps simple) rotatory dispersion was thus realised, right up 
to the limit at which Drude’s formula ceases to be applicable. One 
must suppose, however, that more precise measurements of optical 
rotatory power might still reveal the effects of traces of tartaric 
acid, since these could only be eliminated completely from a rever- 
sible system when the boric acid was in infinite excess. 

Similar experiments with ammonium tartrate showed a maxi- 
mum at 3020 A.U., which was displaced beyond the limit of trans- 
mission at 2537 A.U. even when the molecular ratio was as high as 
NH,),C,H,0,/H,BO, = 3-4, leaving only an inflexion at 2800 A.U. 
to mark the complexity of the rotatory dispersion. When the 
molecular ratio was reduced to 1-4, 0-7, and 0-13, the curves were 
normal throughout. The addition of borax to a solution of normal 
sodium tartrate, however, was almost without effect, showing that 
the two acid radicals do not interact to any marked extent in 
alkaline solutions. 

More remarkable effects were produced by the addition of boric 
acid to potassium hydrogen tartrate, for a dispersion curve with a 
maximum at 3650 A.U. became normal on the addition of only 
0-5 mol. of boric acid to each mol. of tartaric acid. Moreover, this 
curve was not displaced to any important extent when the pro- 
portion of boric acid was increased to 1 or to 2 mols. These results 
show that the product to which the solutions owe their high optical 
activity is stabilised by the addition of a small proportion of alkali, 
but destroyed almost completely when alkali is added in sufficient 
quantity to convert the tartaric acid into a normal tartrate and the 
boric acid into borax. It is also clear that, when the condition of 





iif/maximum stability is reached, each molecule of boric acid is capable 


of transforming two molecules of tartaric acid from a low rotatory 
orm with anomalous rotatory dispersion into a high rotatory form 
with normal rotatory dispersion. 

In view of the preceding results, an attempt was made to isolate 
a complex salt from a mixture of potassium hydrogen tartrate 
(38 g.; 0-2 mol.) and borie acid (6 g.; 0-1 mol.) in water (100 c.c.) ; 
but, since Béeseken’s borosalicylates contain only one atom of 
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alkali metal to 2 mols. of salicylic and 1 mol. of boric acid, the 
precaution was taken of preparing also an equimolecular mixture 
of potassium hydrogen tartrate (19 g.; 0-1 mol.), tartaric acid 
(15 g.; 0-1 mol.), and boric acid (6 g.; 0-1 mol.) in water (100 c.c.). 
In the tormer case, a large proportion of the cream of tartar remained 
undissolved, but in the latter case the 40 g. of solid dissolved readily. 
Further quantities of the mixture were therefore added until a total 
of 160 g. (including 76 g. of cream of tartar) had been dissolved in 
100 c.c. of boiling water. From this liquid, 85 g. of a crystalline 
salt separated, which had the properties and the approximate 
composition of a potassium borotartrate [Found: K, 12-1; C, 26-2; 
H, 2-27; equiv., by titration in presence of glycerol, 88-5. 
KB(C,H,0,), requires K, 11:3; C, 27-7; H, 2:31%; equiv., 86-5). 
A specimen which had been recrystallised from water and then dried 
to constant weight gave for the equivalent the value 122 with 
N/10-sodium hydroxide only, but 88-4 in presence of mannitol. 
The molecular rotatory power of the salt in a 5°, aqueous solution 
[M5799 = 150°(139°), [M] 54g, = 172-0°(159°), [| M]qg5g = 287°(275°) 
was higher than the highest values-observed previously in aqueous 
solutions of cream of tartar to which boric acid had been added, as 
recorded by Descamps and shown in parentheses above; but this is 
natural, in view of the fact that his solutions contained an excess of 
alkali, which has been shown to diminish the stability of the complex 
salt. Still higher values were obtained when the recrystallised salt 
was examined in a nearly saturated solution (p = 33-54), viz., 
[M] 593 = 174°, [M5299 = 182°, [M]oag, = 206°, [Miggg = 348°. 
The specific rotations for 14 wave-lengths in the visual region, as 
measured by Mr. C. B. Allsopp, are shown in Table I. 


TABLE I. 
Specific rotation of potassium borotartrate at 20°. 
p = 33-54; d%” = 1-1864; a/as4,, = 0-2666/(A2 — 00316). 
a/asee1 


Wave-length. a. obs. eale. 1000 (O-C). 
Li 6708-2 30-37° 0-638 0-637 +1 
Cd 6438-7 33°11 0-696 0-696 + 
Zn 6362-6 33-72 0-709 0-714 —5 
Li 6103-7 37-04 0-779 0-782 —3° 
Na 5893-0 40-08 0-843 0-843 
Hg 5780-0 41-84 0-880 0-881 
Hg 5460-7 47°53 1-000 1-000 
Cu 5218-4 52-62 1-107 1-107 
Cd 5086-0 55-76 1-173 1-174 
Zn 4810-7 63-57 1-337 1-334 
Cd 4800-0 64-06 1-348 1-342 
Zn 4680-3 67°53 1-421 1-422 
Cd 4678-3 67-73 1-425 1-424 


Hg 4358-6 80-06 1-684 1-683 
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Sodium hydroxide, equivs. 
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I am indebted to Messrs. W. 8. Hughes and T. H. Morton for 
the electrometric titrations set out in Fig. 1. The broken curve 
shows the results obtained by titrating 2M-tartaric acid with 
2N-sodium hydroxide, and the full curve is for a similar titration 
in presence of M-boric acid. These curves show that a solution 
containing 1 mol. per litre of borotartaric acid, HB(C,H,O,),, has 
pu = 0 approximately, so that the complex acid is comparable in 
strength with hydrochloric acid. This complex acid is decomposed, 
however, by excess of alkali, since the full curve for borotartaric 


Fie. 1. 
Potentiometric titration of borotartaric acid. 
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Full curve: 2M-C,H,O,+ M-H,BO,. Broken curve: 2M-C,H,O, alone. 


acid cuts the broken curve for tartaric acid just beyond the stage 
at which potassium hydrogen tartrate would be formed, and then 
shows a neutralisation point at py = 6 for tartaric acid and py = 11 
or boric acid. In the stages immediately preceding the neutralisa- 
ion of the tartaric acid, the broken curve rises above the full curve, 
showing that the acidity of the solution is reduced by the presence of 
boric acid, as if a little extra work were required to detach the last 
arboxyl] from the boron. 

The new borotartrate evidently contains a quadricovalent 
-omplex ion, like the borofluorides; KB(C,H,O,),. compare KBF,. 
its composition also corresponds precisely with that of the optically 
active borosalicylates. Professor Béeseken therefore suggests (private 
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communication) that the potassium salt probably has the structure § Sin 
(I), like the asymmetric complexes of boric acid with a-hydroxy- §f fro 


H(OH)-CO,H em 

O- + 7 re 

bee: o> BO 60 | pe 0 Bo NH, CoH, a 
CH(OH)-CO,H (1) hy 


isobutyric acid (Il; R = R’ = Me) and «-hydroxyisovaleric acid § ass 
(Il; R = Me, R’= Et). This structure we have not yet been able § onl 
to establish, since the complex salt is broken up at once by excess § thi: 
of alkali; but it is confirmed by the fact that ethyl tartrate, which § is t 
behaves in many respects like a higher homologue of tartaric acid, — org 
shows a sharp contrast in its behaviour towards potassium meta- J %¢¢. 
borate. We can, however, now explain quite clearly why mannitol § 381 
and boric acid lose only one molecule of water, and not two, in § (th 
forming mannitoboric acid (Fox and Gauge, J., 1911, 99, 1075), § tha 
since the complex is evidently not a tervalent derivative (III) of § int 


orthoboric acid, but a quadricovalent complex (IV) of the boro- (: 
fluoride type, which would not readily form the anhydride (III) § elal 
or (V). Opt 

dis} 


O HO~ 50 ; 
(IL) HO-BC6>0,H,20, | HO>B<O>CoHi20, |i CV) FF acti 
Yt ultz 
| OB<h >CeH20. | (V.) Wo 
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CCCLXXXVII.—The Rotatory Dispersion of Organic § case 

Compounds. Part XIX. The Validity of Drude’s | °c 


Equation. asia 





regi 

By Tomas Martin Lowry. my 

Tue author’s applications of Drude’s equation for optical rotatory “ee 
ma 


dispersion have recently been criticised in three publications which 
are cited in the Annual Reports for 1928 (pp. 14—19). On account § '™ 
of the attention that has thus been directed to them, a reply to these An 
criticisms is now submitted. pect 
(1) Livens, in a@ paper which was communicated by the author red 
(Proc. Roy. Soc., 1929, A, 122, 245), has introduced a formula in J ‘he: 
which each optically active band gives rise to two terms, thus: + 


a == ky /(A® — 29?) + y/(a® — 29?)*. on 
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Since nine arbitrary constants are used to fit the data for quartz 
from 25,000 to 1854 A.U., whilst five constants in Drude’s equation 
gave an equally good agreement from 25,000 to 2200 A.U., the new 
equation has no obvious superiority over the old; moreover, the 
number of arbitrary constants is so large that no reliance can be 
placed on the characteristic frequencies derived from the equation, 
which is too flexible to give trustworthy numbers. The constants 
assigned by Livens to the ultra-violet squared terms are, however, 
only 1/2000 and 1/6000 of the values assigned to the Drude terms; 
this correction, even if it could be established in the case of quartz, 
is therefore negligible in measurements of the rotatory dispersion of 
organic compounds. For instance, the specific rotatory power of 
sec.-octyl alcohol (J., 1924, 125, 1593) over the range 6708— 
3814 A.U. is expressed so exactly by one term of Drude’s equation 
(the maximum deviation in the visible spectrum being only 0-01°) 
that no further improvement could be looked for as a result of 
introducing a squared term with an additional arbitrary constant. 
(2) C. E. Wood and Nicholas (J., 1928, 1671 et seq.) have recently 
elaborated R. W. Wood’s theory of “ spurious ” anomaly (‘‘ Physical 
Optics,” 1923, p. 492), according to which anomalous rotatory 
dispersion in transparent media may be caused by the combined 
action of optically active absorption bands in the infra-red and 
ultra-violet regions. As an example of this phenomenon, R. W. 
Wood cited the early observations of Biot (Ann. Chim. Phys., 1850, 
28, 351) on solid amorphous tartaric acid; but his interpretation 
of this anomaly is ruled out by the later experiments of Bruhat 
(Trans. Faraday Soc., 1914, 10, 84), who has shown that the fused 
acid exhibits the same “ real’’ anomaly as its aqueous solutions.* 
C. E. Wood and Nicholas, on the other hand, put forward as a test 
case the behaviour of a solution of ethyl tartrate in carbon tetra- 
chloride (Lowry and Dickson, J., 1915, 107, 1173), where “‘ the 
curves do not become asymptotic to the zero axis in the negative 
region.” They suggest that “it is hard to reconcile this phenomenon 
. with the founding of a general explanation of optical rotation 
on a Drude equation with the infra-red term omitted,” and they 
make the definite assertion that “‘ by the influence of the infra-red 
term, the curve is drawn over the axis into the positive region.”’ 
An examination of this dispersion curve, however, reveals no 
peculiarities beyond the fact that the reversal of sign occurs in the 
red region of the spectrum at 6550 A.U., so that the maximum and 
the inflexion are displaced into the infra-red at 9020 and 10940 A.U. 
* The dispersion of the crystalline acid appears to be simple (Longchambon, 


Compt. rend., 1924, 178, 951; Lowry and Austin, ibid., p. 1902; Nature, 1924, 
114, 430). 
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(cale.), respectively. The rotatory dispersion of the solution can, 
in fact, be expressed accurately, like that of the other members of 
the series, by means of two ultra-violet terms of opposite sign, but 
in this case of nearly the same magnitude, as may be seen from 
Table I; and the manner in which the curve crosses the axis is not 
dependent in any way on the presence or absence of a hypothetical 
infra-red term. 
TaBLeE I. 
Rotatory dispersion of ethyl tartrate in carbon tetrachloride. 
a = 21-65/(A? — 0-03) — 20-13/(A2 — 0-058). 


6708 5893 5780 5461 4358 

+0-20 —1-34 —1-73 —311 9 17-17 

. +0-20 — 1:35 —1-72 —308 —17-19 

Diff. (obs. — calc.) + 0 +0-01 —0-01 —0-03 + 0-02 


The agreement shown in this table is so precise that the addition 
of an infra-red term could only increase the divergence between the 
observed and the calculated values. This result is in harmony with 
that given by the homogeneous ester (Lowry and Cutter, J., 1922, 
121, 532), where accurate measurements of the specific rotatory 
power of 6 dm. of the pure recrystallised compound agreed, through- 
out the visible spectrum, with a maximum error of only 0-01°, with 
values calculated with the help of two ultra-violet terms of opposite 
sign, leaving no systematic error for correction with the help of an 
infra-red term. Another test case is found in the alcohols, which 
give rise to strong selective absorption in the infra-red, but not in the 
accessible ultra-violet region. Nevertheless, the optically active 
carbinols conform closely to the law of simple rotatory dispersion, 
the rotations being expressed accurately by a single ultra-violet 
term, with 4, = 1500 A.U. approx., but without the slightest indic- 
ation of any disturbance arising from optical activity of the infra-red 
bands. 

C. E. Wood and Nicholas agree with this conclusion to the point 
of admitting that “ quantitative measurements show that the infra- 
red term is practically negligible in the visible region ’’; but they 
support their views by citing the fact that an infra-red term was 
included in an obsolete equation for the rotatory dispersion of 
quartz,* which was put forward with ample reservations in 1912 
(Phil. Trans., A, 212, 261) as a means of correlating the limited 


* This equation, which contains one infra-red term, and two ultra-violet 
terms of opposite sign, anticipates by 16 years the principal feature of the 
theoretical discussion of Wood and Nicholas. The subsequent omission of 
infra-red terms in equations for the rotatory dispersion of organic compounds 
is therefore not due to an oversight or to an incomplete consideration of the 
problem, but has been dictated solely by the experimental results. 
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range of observations which had been completed up to that date. 
In the more exact equation, which was set out with full experimental 
evidence in 1927 (Phil. Trans., A, 226, 391), but which Wood and 
Nicholas have not cited, this infra-red term has been replaced by a 
small constant term representing less than 1% of the total rotation 
in the green. The theoretical significance of this constant is still 
open to discussion, and it is not certain what will become of it when 
the equation is extended to cover the whole range of transmission 
of light by quartz; but even if the data for quartz can no longer be 
used to vindicate Drude’s conclusion that “‘ the kinds of ions whose 
natural periods lie in the ultra-red are inactive ’’ (“‘ Physical Optics,” 
1907, p. 413), there is at present no experimental evidence whatever 
on which a contrary opinion can be founded in the case of transparent 
organic compounds. It is therefore clear that Wood and Nicholas, 
in seeking to deduce the configuration of optically active organic 
compounds from the sign of an infra-red term, are attempting a task 
which is impossible in the present state of our knowledge, since the 
existence of such a term must surely be proved before its sign can be 
determined. The criterion which they use is in fact the sign of the 
high-frequency ultra-violet term, in compounds which exhibit anomal- 
ous rotatory dispersion of the ordinary non-spurious type. Since 
this high-frequency term is a measure of the “fixed ’’ asymmetry 
of the molecule, there can be no objection to using it as a guide to 
the configuration of the compound; moreover, if this criterion is 
used, it does not matter whether the rotatory dispersion is simple 
or complex, normal or anomalous; but they do not provide any 
justification, either theoretical or experimental, for the auxiliary 
proposition (Ann. Reports, 1928, 25, 16) that “in all cases of 
anomalous dispersion the sign of the high-frequency term in the 
Drude equation is . . . opposite to that of the infra-red term.” 
This correlation of the real ultra-violet term with a purely hypo- 
thetical infra-red term is indeed a mere speculation, and must remain 
so until the reality of the latter term has been demonstrated. 

(3) Descamps’s observations on the rotatory dispersion of borotar- 
taric acid (Thesis, Brussels, 1928, p. 44; compare Compt. rend., 1927, 
184, 453, 876) have formed the basis of experiments (preceding 
paper) in which the isolation of the borotartrate, KBT,, is described, 
and need not be discussed again. It is, however, desirable to state 
that simple rotatory dispersion cannot be used of itself as evidence 
of chemical homogeneity, since mutarotating sugars such as glucose 
may give rise to simple rotatory dispersion if the dispersion constants 
of the dynamic isomerides are equal; nor can it be used as evidence 
that there is only one asymmetric centre in the molecule, since the 


rotatory dispersion of cane sugar, with nine asymmetric carbon atoms 
5D2 
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in the molecule, is simple within the limits of experiment. Con. 
versely, complex rotatory dispersion cannot be used of itself as 
evidence of chemical heterogeneity, since it would then be necessary, 
not merely to postulate (with Lucas, Ann. Physique, 1928, 9, 381) 
the existence of isomeric forms of camphor, but even to regard 
crystalline quartz as a mixture. On the other hand, in the case of 
camphylearbinol (J., 1919, 145, 309), the rotatory dispersion of 
which was simple (within the limits of Rupe’s experiment, Helv. 
Chim. Acta, 1918, 1, 452) when the carbinol was purified to maximum 
rotatory power, but complex in the case of less active specimens, 
it was suggested “‘ that the simple dispersion law may be of value as 
a test of purity, and that deviations from it may in some cases 
justify a further examination of the chemical composition of the 
material used for the measurements.”’ In the same way, therefore, 
in view of the observations recorded by Descamps, the discovery 
(if it were to be made) of complex rotatory dispersion in the ultra- 
violet region in solutions of potassium borotartrate would be 
regarded as a priori evidence of dissociation of the complex ion 
rather than of complex dispersion in the ion itself. 

(4) Greater interest attaches to the deductions made by Kuhn 
(Z. physikal. Chem., 1929, B, 4, 14), in which the theories of Born 
(Physikal. Z., 1915, 16, 251; Ann. Physik, 1918, 55, 177), Oseen 
(tbid., 1915, 48, 1), and Landé (ibid., 1918, 56, 225; compare Gans, 
Z. Physik, 1923, 17, 353; 1924, 27, 164; Ann. Physik, 1926, 79, 
548; and Rosenfeld, Z. Physik, 1928, 52, 161) have been developed 
in a simple form which attributes optical rotatory power to an 
asymmetric coupling of pairs of charged particles, such that when 
one moves along the axis of x the other has a component along the 
axis of y. This theory leads to equations of the Drude type, without 
the squared term introduced by Livens, and practically eliminates 
the infra-red terms on account of the small amplitude of the low- 
frequency nuclear oscillations. This last conclusion is supported 
by the experimental work of Ingersoll (Physical Rev., 1917, 9, 257), 
who found no evidence of optically active infra-red bands in an 
aqueous solution of cane sugar or of tartaric acid, or in an alcoholic 
solution of camphor, the rotatory powers of which diminished 
progressively with increasing wave-length right up to the limit of 
transmission in the infra-red, or in the cases of limonene and 
pinene, where the rotations were examined on both sides of the 
hydrocarbon-overtone at 1-8 but without giving any indication 
that the dispersion curves were distorted by passing through this 
important infra-red band. Since the curves also passed, without @ 
perceptible ripple, through the weaker absorption bands at 1-2 and 
1-4 p, it is clear that the phenomenon which Cotton discovered it 
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the electronic bands is not reproduced in the three bands due to 
nuclear oscillations of these hydrocarbons and that, in the only cases 
in which observations have yet been made, the inactivity of the 
infra-red absorption bands has thus been established beyond dispute. 

Kuhn’s equations also lead to the important deductions (i) that 
the sum of the rotation constants in Drude’s equation must be zero, 
and (ii) that the influence of a pair of coupled oscillators depends on 
the difference of frequency between them, which may be modified 
to a larger or smaller extent by the coupling. The first deduction 
is in accord with the fact that the signs of the partial rotations due 
to a fixed and to an induced asymmetry are usually opposite in sign 
(compare J., 1925, 127, 1264). Exceptions,* such as «’-bromo- 
camphor, may be attributed to the existence of more than two 
partial rotations in a given molecule. The second deduction 
accounts for the fact that the rotatory power of saturated compounds 
is usually small, and that large rotations are found almost exclusively 
in unsaturated compounds. It therefore appears that modern 
physical theory not only endorses the validity of Drude’s equation, 
but is in general agreement with the deductions which have been 
made from an empirical study of the experimental data. 


UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. [Received, May 16th, 1929.] 





CCCLX XXVIII.—The Formation of N-Nitrosoamines 
from Tertiary Amines. Part I. The Conversion 
of Derivatives of Dimethylaniline by Nitrous Acid 
into the Corresponding Nitrosoamines and Mono- 
methylanilines. 

By Witt1am GrorGE MAcMILLAN and THomas Harotp READE. 


ABNORMAL reactions between nitrous acid and tertiary aromatic 
amines, leading to the formation of (a) nuclear nitro-compounds by 
loss of hydrogen or halogen and (b) N-nitrosoamines by loss of an 
alkyl group, have been recorded by several workers (Wurster and 
Scheibe, Ber., 1879, 12, 1816; Heidlberg, Ber., 1887, 20, 149; 
Koch, ibid., p. 2460; Pinnow, Ber., 1898, 31, 2982; Van Romburgh 
and Jansen, Proc. K. Akad. Wetensch. Amsterdam, 1911, 13, 820; 
Aitken and Reade, J., 1926, 1896). 

With nitrodimethylanilines, both types of reaction occur, (b) 

* Attention is directed to a misprint (this vol., p. 1775), of which a correction 
has already been issued, whereby nicotine was cited as an example of this rule, 
whereas the small high-frequency term is actually of the same sign as the large 
low-frequency term. 
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predominating at room temperature, but often being accompanied 
by (a) if the temperature is allowed to rise. 


TABLE I. 


The Action of Nitrous Acid in Excess on Tertiary Amines 
without External Cooling. 


Under “‘ Products,”’ col. A gives the weight and yield % of the N-nitroso. 
amine of the corresponding monomethylaniline, col. B the weight and 
positions of the substituents of the polynitrodimethylaniline, and col. ( 
the weight of unchanged tertiary amine.) 


Initial materials. Products. 


NaNO, sia 
Deriv. of Wt. HCl Water (c.c. of 
NPhMe, used. (g-). (c.c.). (e.c.). 50%). A. B. C. 
3-Nitro* 10 30 70 25 «4; 4; 3:4-Di- Nil 
nitro 
0-5; 3: 6-Di- 
nitro 
4-Nitrot y 5; 46 Nil 3 
3 : 6-Dinitrot iy  : Pract. 
nil 
4-Bromo-2-nitro§ 2 8-5; 80. ,, Nil 
4-Bromo-3-nitro}| ss 6; 57 0-6; 4- 1:5 
Bromo- 
3 : 6-di- 
nitro 
* Groll (Ber., 1886, 19, 198). t Weber (Ber., 1877, 10, 761). 
t Romburgh (Rec. trav. chim., 1887, 6, 253). 
§ Koch (Ber., 1887, 20, 2460). || Forster and Coulson (J., 1922, 121, 1995). 





Since nitrosoamine formation takes place to a considerable extent 
in each of the experiments recorded, and is the principal reaction in 
several, its occurrence can no longer be regarded as a distinctive 
property of secondary amines only. In the nuclear nitro-compounds 
produced, the nitro-group enters preferentially position 4 or 6. 

A second series of experiments was carried out at constant temper- 
ature, the initial molecular concentrations of amine and of nitrous 
acid being the same in all cases. 


TaBLeE II. 

Amount of Nitrosoamine produced in 12 Hours, at 17° from 20 c.. 
of 50% Aqueous Sodium Nitrite and 0-0475 G.-mol. of Amine 
in 200 c.c. of Hydrochloric Acid and 100 c.c. of Water. 

Percentage of pure products isolated. 





Nitroso- Polynitro- Un- 

Amine used. amine. derivatives. changed. Total. 
3-Nitrodimethylaniline Nil 48 81 
4-Nitrodimethylaniline S 81 
3 : 6-Dinitrodimethylaniline ... “a 87 
4-Bromo-2-nitrodimethylaniline 37 ji 74 
4-Bromo-3-nitrodimethylaniline 32 ca. 5° of 4-bromo- 74 

3 : 6-dinitrodi- 
methylaniline 
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It is seen that nuclear substitution hardly occurs at all at 17°, 
whereas nitrosoamine production is only slightly less than that 
shown in Table I. The tendency to nitrosoamine formation seems 
to be greatest when both ortho-positions to the dimethylamino- 
group are occupied by nitro-groups; further constitutional in- 
ferences, however, are meanwhile deferred. 

The constitutions of the nitrosoamines were established by (a) 
hydrolysis to the corresponding secondary amine, and (b) formation 
from the secondary amine by means of dilute nitrous acid. 


EXPERIMENTAL. 


Action of Nitrous Acid on Tertiary Amines.—The general pro- 
cedure was to dissolve the nitrodimethylaniline in hydrochloric 
acid, dilute the solution with water (avoiding precipitation), add 
slowly 50%, aqueous sodium nitrite at laboratory temperature, and 
leave the mixture over-night. The solution first became deep 
yellow and then the nitrosoamine and feebly basic compounds 
began to separate, the precipitation often being accompanied by 
evolution of oxides of nitrogen. After the nitrosoamine had been 
collected, the bases in the acid mother-liquor were precipitated by 
dilution with water and addition of alkali. Mixtures of bases were 
separated by dissolution in acid and fractional precipitation with 
water or dilute alkali solution. 

On 3-nitrodimethylaniline (m. p. 61°).. The quantities of reactants 
were those given in Table I. A flocculent yellow precipitate sep- 
arated over-night which gave, by crystallisation from alcohol, 
yellow needles, m. p. 176°, of «-3 : 4-dinitrodimethylaniline, iden- 
tical with a specimen prepared according to Swann (J., 1920, 117, 
3) (Found: C, 45-4; H, 4-5; N, 20-1. Cale. for C,H,O,N,: OC, 45-5; 
H, 4:3; N, 199%). From the alcoholic mother-liquor, by con- 
centration, followed by “dilution with water, crystals were obtained 
which separated from ligroin in yellow needles, m. p. 77°, of 3-nitro- 
phenylmethylnitrosoamine. These gave the Liebermann reaction, 
and were identical with a specimen prepared according to Ullmann 
(Annalen, 1903, 327, 112) (Found : C, 46-2; .H, 4-2; N, 23-2. Cale. 
for C,H,0,N,: C, 46-4; H, 3:9; N, 23-2%). Concentration of 
the ligroin mother-liquor yielded a mixture of nitrosoamine and 
scarlet needles. This was dissolved quickly in cold hydrochloric 
acid, water added to precipitate the nitrosoamine, and the filtered 
solution made alkaline. The red precipitate thus obtained crystal- 
lised from alcohol in scarlet needles, m. p. 112°, identical with a 
specimen of 3: 6-dinitrodimethylaniline prepared according to 
Swann (loc. cit.) (Found: C, 45-5; H, 4:3; N, 19-9. Cale. for 
C,H,O,N, : C, 45°3; H, 4-4; N, 20-4%). 
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On 4-nitrodimethylaniline (m. p. 163°). The precipitate obtained 
over-night gave pale yellow needles, m. p. 104°, from alcohol. 
These gave the Liebermann nitrosoamine reaction and were iden- 
tical with a specimen of 4-nitrophenylmethylnitrosoamine made 
according to Ullmann (loc. cit.) (Found: C, 46-3; H, 4:3; N, 23-1. 
Calc. for C;H,0,N,: C, 46-4; H, 3-9; N, 23-2%). The yield of 
the nitrosoamine was raised to 75% of the theoretical by a fourfold 
increase in the amount of nitrite. 

On 3 : 6-dinitrodimethylaniline (m. p. 112°; prepared according 
to Swann, loc. cit.). The precipitate produced over-night crystal- 
lised from alcohol in orange needles or plates, m. p. 128°, of 3 : 6-di- 
nitrophenylmethylnitrosoamine (Found: C, 37-4; H, 2-7; N, 24:8. 
C,H,O;N, requires C, 37-2; H, 2-8; N, 248%). This gave the 
Liebermann nitrosoamine reaction and was insoluble in dilute acids, 
sparingly soluble in carbon tetrachloride, ligroin, and ether, and 
soluble in chloroform, acetone, benzene, methyl and ethyl alcohol, 
and glacial acetic acid. 

On 4-bromo-3-nitrodimethylaniline (m. p. 95°; prepared by the 
methods of Forster and Coulson, loc. cit., and Clemo and Muir, 
J., 1928, 2421). The precipitate obtained yielded, by crystal- 
lisation from methyl alcohol, 4-bromo-3-nitrophenylmethylnitroso- 
amine in yellow needles, m. p. 78°, soluble in cold chloroform, 
acetone, benzene, and glacial acetic acid and in warm alcohol, 
carbon tetrachloride, and ligroin (Found : C, 32:4; H, 2-5; N, 16-2. 
C,H,O,N,Br requires C, 32:3; H, 2-5; N, 162%). The acid 
filtrate, when made alkaline, yielded a mixture from which were 
isolated 4-bromo-3 : 6-dinitrodimethylaniline, scarlet plates from 
alcohol, m. p. 109° (Found: C, 32-9; H, 3-4; N, 14-2. Calc. for 
C,H,0,N3Br: C, 33-0; H, 3-1; N, 14-4%), and unchanged bromo- 
nitrodimethylaniline. 

On 4-bromo-2-nitrodimethylaniline (m. p* 66°; obtained by the 
method of Clemo and Muir, J., 1928, 2420). This gave 4-bromo- 
2-nitrophenylmethylnitrosoamine, which crystallised from methyl 
alcohol in large rhombs, m. p. 73°, soluble in cold acetone, chloroform, 
benzene, glacial acetic acid and in hot alcohol, carbon tetrachloride, 
and ligroin (Found: C, 32-3; H, 2-4; N, 16-3. C,H,0,N;Br 
requires C, 32-3; H, 2:3; N, 16-2%). 

Conversion of Nitrosoamines into the Corresponding Monomethy/- 
anilines.—The elimination of the nitroso-group was effected by 
hydrolysis, in the presence of urea and sulphuric acid, as previously 
described for 3- and 4-nitrophenylmethylnitrosoamines (this vol., 
p- 585). The following four monomethylanilines are soluble in cold 
chloroform, acetone, and glacial acetic acid and in warm dilute 
mineral acids, alcohol, carbon tetrachloride, and ligroin. 
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3 : 6-dinitrophenylmethylnitrosoamine, crystallised from alcohol in 
red needles, m. p. 163° (Found: C, 43:0; H, 3:7; N, 21:3. 
C,H,0,N, requires C, 42-6; H, 3-5; N, 21-:3%). 

4-Bromo-3-nitromonomethylaniline (7-5 g.) was obtained, together 
with a small amount of a less basic yellow by-product of m. p. 196° 
(decomp.), from 10 g. of 4-bromo-3-nitrophenylmethylnitrosoamine ; 
it crystallised from ligroin in long, claret-coloured needles, m. p. 81° 
(Found : C, 36-6; H, 3-3; N, 12-2. C,H,O,N,Br requires C, 36-4; 
H, 3-0; N, 12-1%). 

4-Bromo-2-nitromonomethylaniline (8-4 g.) was obtained from 
10 g. of 4-bromo-2-nitrophenylmethylnitrosoamine; it crystallised 
from alcohol in orange needles or plates, m. p. 103° (Found: C, 
36-6; H, 3-2; N, 12:0%). 

4-Bromo-2 : 6-dinitromonomethylaniline (8-5 g.) was obtained 
from 10 g. of 4-bromo-2 : 6-dinitrophenylmethylnitrosoamine ; it 
separated from alcohol or ligroin in small yellow crystals, m. p. 106°. 


The authors wish to thank the Robbie and Carnegie Trustees for 
scholarships which have enabled one of them (W. G. M.) to participate 
in the research. 
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CCCLX X XIX.—Studies of Valency. Part XIV. An 
Optically Active Telluronium Salt: Phenyl-p-tolyl- 
methyltelluronium Iodide. 


By THomas Martin Lowry and Frank LaTHE GILBERT. 


THE planar formula assigned by Vernon to the dimethyltelluronium 
di-iodides was first criticised by us on the ground that “ the striking 
difference in colour of the «- and §-dihalides must include some 
factor which is not expressed completely by merely putting two 
halogen atoms and two alkyl radicals at adjacent or at opposite 
corners of a square ’’ (J., 1928, 308). A more serious cause for 
criticism arose when we found that the cyclic compounds of Morgan 
and Burgess have the properties of the «-compounds of the dimethyl 
series, to which Vernon had assigned a trans-structure. When, 
therefore, Drew’s discoveries shattered the foundation on which 
the planar formule had been based, our own experiments had 
already led us to the conclusion that quadrivalent tellurium, like 
quadrivalent sulphur and selenium, must be represented by a 


3 : 6-Dinitromonomethylaniline (3-8 g.), obtained from 5 g. of 
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tetrahedral model and not by a square (Chem. and Ind., 1928, 47, 
1246). This conclusion has now been established by positive 
evidence afforded by the preparation of a quadrivalent derivative 
of tellurium in an optically active form. 

The present research was a direct continuation of work started 
by Lederer under the significant title “ Versuch zur Darstellung 
optisch-aktiver Tellurverbindungen ”’ (Ber., 1916, 49, 1615), but 
not pursued further, either by Lederer or by any other worker, 
perhaps because Vernon’s discovery of the «- and £-telluronium 
salts was accepted almost universally as conclusive evidence of a 
planar configuration. When, however, we had found good reasons 
for doubting this configuration, two lines of experiment were 
started, one of which was expected to give optically active products 
if the planar formula were valid, whilst the other depended for a 
positive result upon the validity of the tetrahedral configuration. 
For the former experiment it was proposed to condense tellurium with 
the compounds CH,*CH(CH,Br), and C,H,0-CO-CH(CH,°CH,Br),, 
but the work was stopped before the final stage was reached. For 
the latter experiment, it was only necessary to obtain evidence of 
optical activity in one or more of the compounds of which Lederer 
had established the composition and properties 13 years previously. 
With the exception of the sulphonates, therefore, al] the organic 
tellurium compounds used in the present research had already been 
prepared and analysed by Lederer. 

The first compound selected was phenyl-p-tolylmethyltelluronium 
iodide,* of which better yields were obtained than in the case of 
the o-tolyl salt (Ber., 1920, 53, 1680); this was converted, with the 
help of the corresponding silver salts, first into a bromocamphor-r- 
sulphonate, and then into a camphor-8-sulphonate, from which 
optically active iodides of opposite sign were prepared as described 
below. For this purpose it was not necessary to isolate the 
sulphonates in an analytically pure form, since they were only 
used as intermediaries in the resolution of the iodides. Their 
composition (as well as that of the iodide and silver salt) was 
checked, however, by collecting and weighing the precipitated 
silver iodide, and was afterwards established by analysis of crystal- 
lised samples of the bromocamphorsulphonate. Since a knowledge 
of the composition of the sulphonates was required in the first 
instance only in order to convert the observed rotations into 
molecular rotations, with a view to deducing a value for the “ mole- 


* Experiments have also been made to resolve the telluroxide, 
(C;H,)(C,H,)TeO, which Lederer described in the same paper, but these have 


not yet (Dec. 12th, 1929) reached a stage at which a definite resolution of the 
oxide can be claimed.—T. M. L. 





STUDIES OF VALENCY. PART XIV. 2869 


cular rotation ”’ of the kation, a direct determination of the ratio 
of acid to base, by precipitation of the base with an excess of sodium 
hydroxide and titration of the excess with dilute hydrochloric acid 
(compare Harrison, Kenyon, and Phillips, J.; 1926, 2088; Gayth- 
waite, Kenyon, and Phillips, J., 1928, 2284), was preferred to an 
analysis by combustion. 

The trouble incurred in obtaining crystalline specimens of the 
bromocamphorsulphonate was fully justified when it was found to 
undergo a mutarotation, from which the behaviour of the optically 
active iodide could be foreseen in considerable detail. _ In particular, 
whilst the molecular rotation of the optically unstable solutions 
of the bromocamphorsulphonate varied from [M]§,, ++ 262° to 
+ 316°, this initial rotation was always Jess than that of the bromo- 
camphorsulphonic acid, for which [M]iS, + 347°, but rose to this 
value, usually in the course of a few minutes after preparation of 
the solution. It was therefore clear (i) that the freshly prepared 
solutions contained a levorotatory kation, (ii) that the molecular 
rotation of this kation was probably not less than about 85°, (iii) 
that the kation lost its optical activity very quickly in solution, 
presumably as a result of rapid racemisation. It was thus certain 
that the resolution of the iodide could only be detected by getting 
it into solution, and observing its rotatory power, as quickly as 
possible after it had been precipitated from tke bromocamphor- 
sulphonate, and that evidence of optical activity must be looked 
for in a rapid mutarotation of the freshly prepared solution. For 
this reason, any attempt to recrystallise the precipitated iodide 
would have been futile, except under conditions of Bakerian purity, 
which were obviously beyond our scope; and for the same reason, 
instead of analysing the imperfectly purified precipitate, we estab- 
lished the identity of the optically active salt by the more satis- 
factory process of recovering Lederer’s inactive iodide from the 
solution, and using it again for repeated experiments on similar 
lines. This recovery of the iodide, which was accompanied by no 
very serious loss of materiai, also proved that the increase of rotatory 
power of the sulphonate, and the decrease of rotatory power which 
we observed in the iodide, were mainly due to racemisation. Our 
theoretical deductions would, however, have been precisely similar 
if the active iodide had in fact decomposed (as Lederer’s inactive 
iodide did under some conditions) into phenyl tolyl telluride and 
methyl iodide, since this reversible decomposition provides the most 
probable mechanism for the racemisation of the salt. 

As soon as it became clear, from the first observations of muta- 
rotation, that the optically active telluronium ion was unstable, 
with a half-life period of some minutes only, the later experiments 
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were modelled on the precedents already established for this type 
of phenomenon by Pope and Peachey (P., 1900, 16, 42, 116), and 
more recently by Mills and Gotts (J., 1926, 3121), whose methods 
of working we have followed closely. In particular, instead of 
separating two isomeric sulphonates, dAdB and dAIB, of widely 
different rotatory power, it was only necessary to attempt to pre- 
pare one sulphonate, viz., the less soluble of these two salts, in a 
state of normal purity but as free as possible from the dynamically 
isomeric salt. Of the two bromocamphor-zx-sulphonates, the dAlB 
compound was the less soluble, but in the case of the camphor-g.- 
sulphonate the stabie solid phase was the dAdB compound, since 
it gave solutions of higher molecular rotation than the parent acid. 
The latter salt was more stable in solution than the former, so 
that it was possible to measure its rotatory power for several wave- 
lengths (Fig. 4); but, since it was never isolated in a crystalline 
form, no great stress can be laid on any measurements of its physical 
properties. 

The iodide precipitated from the dextrorotatory bromocamphor- 
sulphonate was (as expected) levorotatory, and its molecular 
rotatory power was of similar magnitude to that deduced from 
the range of mutarotation of the sulphonate; but, since we had 
already found the sulphonates to be more stable than the iodides, 
we were not surprised to find (i) that the mutarotation of the 
optically active iodides was even more rapid than that of the 
sulphonates, (ii) that the range of observed mutarotation was 
therefore smaller, covering a maximum range of 70° as compared 
with 85° in the bromocamphorsulphonate. The observations on 
the iodide were also rendered more difficult by the fact that it was 
stained, apparently with a periodide, since the colour could not be 
removed by washing with chloroform; this made it necessary to 
work either with more dilute solutions, or with shorter columns. 
Although, however, the observed rotations (— 0-25° —-> 0°) were 
smaller than in the case of the bromocamphorsulphonate (++ 2:2° —> 
2-9°) and the factor required to convert them into molecular rotations 
was very large (viz., 150—300), the validity of the observations can 
be judged from the smoothness (or otherwise) of the mutarotation 
curves. In particular, whilst we cannot lay any stress on the 
absolute values of the molecular rotations, our data afford the 
clearest possible evidence that the mutarotation curves are nol 
unimolecular, as can be seen by comparison of the curves for the 
bromocamphorsulphonate with the dotted theoretical curve of 
Fig. 1, since the middle section is nearly straight, and in one case 
at least could have been drawn with a reversal of curvature, of 4 
kind which is normal for certain types of consecutive reactions, 
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and has been observed experimentally in camphorcarbox yamide and 
in camphorcarboxypiperidide (Lowry and Glover, J., 1913, 103, 
913). This characteristic feature is also seen in the mutarotation 
curves of the iodide (Fig. 2), which do not conform even approxim- 
ately to a unimolecular law. 

Whilst the form of the mutarotation curves proves that the 
racemisation of the kation is not a simple isomeric change, /B —= dB, 
we cannot claim any knowledge either of the mechanism of racemis- 
ation or of the conditions under which it operates. We cannot 


Fie. 1. 
Mutarotation of |-phenyl-p-tolylmethyltelluronium d-bromocamphor-7-sulphonate. 
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explain, therefore, why the mutarotation was always more rapid in 
acetone than in ethyl acetate, and even less why, although the 
mutarotation of the camphor-§-sulphonate was slower than that of 
the bromocamphor-nz-sulphonate, the dextrorotatory iodide pre- 
cipitated from it was generally inactive and only on two occasions 
exhibited a rapid mutarotation (from + 34° to + 4° in 8 mins. and 
from + 27° to + 1° in 10 mins.; see Fig. 3), which was even more 
fleeting than that of the enantiomorphous levo-salt when pre- 
cipitated from the bromocamphor-r-sulphonate. Similar pheno- 
mena are, however, of frequent occurrence in other cases of dynamic 
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isomerism, and the conditions for investigating them in the tellurium 
series are far too unfavourable to lead us to undertake the task. 
Although the facile mutarotation of the iodide prevented us from 
effecting a quantitative resolution, it had a definite advantage in 
enabling us to distinguish sharply between the optical rotation of 
the telluronium kation, which was only transient in character, and 
that of the sulphonate anion, which is completely stable under the 


Fie, 2. 
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Fie. 3. 


Fig. 2.—Mutarotation of |-phenyl-p-tolylmethyltelluronium iodide (from 
d-bromocamphor-z-sulphonate). 
Pig. 3.—Mutarotation of d-phenyl-p-tolylmethyltelluronium iodide (from 
d-camphor-B-sulphonate). 


conditions of our experiments. Thus, the data shown in Fig. 2, 
where the final rotations were always positive, enable us to state 
at once that the observed (negative) molecular rotations of the 
iodide must be increased by 2° in order to allow for the opposite 
rotation of traces of the bromocamphorsulphonate which were not 
removed by washing, and can be shown to have amounted to about 
1% of the weight of the precipitate. In the same way, we can 
state that in the case of the dextrorotatory iodide the observed 
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molecular rotations of the kation must. be decreased by 4° out of 
34° and 1° out of 27°, in order to allow for contamination with 
unchanged camphorsulphonate, so that the molecular rotation due 
to the kation was + 30° and + 26°, respectively, when the first 
readings were taken. Although, therefore, we cannot assign 
a numerical value to the molecular rotation of the kation 
[TePhMe-C,H,]*, which is probably >85°, the optical activity of 
this radical, and therewith its tetrahedral configuration, appears 
to be established by evidence which in the case of other elements 
has been accepted as conclusive proof of molecular dissymmetry. 


EXPERIMENTAL. 


Preparation of 1-Phenyl-p-tolylmethyltelluronium d-Bromocamphor- 
x-sulphonate.-—Theoretical quantities of silver d-bromocamphor-z- 
sulphonate and phenyl-p-tolylmethyltelluronium iodide, m. p. 73— 
74°, were mixed in dry acetone, vigorously stirred, kept for 1 hour, 
and the silver iodide was removed by filtration. The colourless 
filtrate was evaporated to a syrup on the water-bath and placed 
in a@ vacuum desiccator; the bromocamphorsulphonate frothed 
extensively and was transformed into a solid foam. This was dis- 
solved in the minimum quantity of a 50% mixture of acetone and 
ethyl acetate, and on the addition of dry ether, star-shaped clusters 
of colourless crystals were obtained, m. p. 180—181°. These 
crystals lost their shape, however, and became sticky, after evapor- 
ation of the ether and exposure to air (Found, by titration: 
C,9H,;O,BrS, 51-1. C,,H,0,BrSTe requires C,,H,,0,BrS, 50-2%). 

Mutarotation of the d-Bromocamphor-n-sulphonate.—The bromo- 
camphorsulphonate was dissolved in acetone and examined in a 
2-dm, polarimeter tube at 18°. Four minutes after the solvent was 
added, the solution showed an initial rotation [M/]}§,, + 294°, rising 
to a steady value [© }}§,, + 344° in 75 minutes (Fig. 1, curve A). 
The salt was then fractionally crystallised six or seven times, and 
filtered when necessary through a fine-grained filter of sintered 
Jena glass. The fractions were analysed by titration, but no 
change of composition could be detected. A solution in ethyl 
acetate of the most soluble portion (Fig. 1, curve F) gave [M]i§,, 
+. 275° 8 minutes after the salt was wetted; the rotation then rose 
to a steady value [MJ}s;, + 342—344° in 5 hours. The molecular 
rotation of the least soluble portion (Fig. 1, curve I) changed from 
+ 316° to + 346° in 13 minutes. Other samples behaved similarly 
(see Fig. 1, curves J, K, L), but in no case was any evidence obtained 
of the formation of a d-telluronium bromocamphorsulphonate of 
higher rotatory power than the parent acid. 

Precipitation of \-Phenyl-p-tolylmethyltelluronium Iodide.—The 
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bromocamphorsulphonate, which is almost insoluble in water, was 
dissolved in a minimum quantity of acetone; a cold dilute aqueous 
solution of potassium iodide was added quickly, and, after stirring, 
a yellow precipitate was formed, which was allowed to settle, 
filtered, and dried quickly below 60°. The iodide is pale yellow 
and almost insoluble in water, whereas the bromide and chloride 
were too soluble to be precipitated in this way. Solutions of the 
Liodide in acetone and ethyl acetate gave the mutarotation curves 
B, C, D, H (Fig. 2). 
Fia. 4. 


Dispersion curves of d-phenyl-p-tolylmethyltelluronium d-camphor- 
B-sulphonate and of the free acid in ethyl acetate at 20°. 
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The precipitated iodide melted 6° below the temperature (73— 
74°) recorded by Lederer. This difference might at first sight be 
regarded as evidence that the active iodides have a lower m. p. 
than the racemate; but we regard this conclusion as improbable, 
in view of the optical instability of the salt, which would almost 
certainly racemise during the operation of taking the melting point 
unless special precautions were taken on lines that have already 
been indicated (Lowry, MacConkey, and Burgess, J., 1928, 1333). 
We therefore prefer to attribute the lowering of m. p. to the presence 
of impurities in the hastily washed precipitate, and in particular 
of about 1°% of the d-bromocamphorsulphonate, the presence of 
which can be demonstrated from the mutarotation curves. 
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Preparation of d-Phenyl-p-tolylmethyltelluronium d-Camphor- 
3-sulphonate.—Equivalent quantities of phenyltolylmethyltelluron- 
jum iodide and of the silver salt of Reychler’s acid were mixed in 
acetone solution, and freed from silver iodide by filtration. In 
spite of many attempts, the camphorsulphonate could not be obtained 
in a crystalline form; when dried for a few days in a vacuum 
desiccator it formed a gum, and only occasionally frothed up to a 
solid foam like the bromocamphorsulphonate (Found, by titration : 
CoH gOS, 44:0. CygHg90,8Te requires C,,>H,,0,8, 42-8%). 

Solutions of the camphorsulphonate in acetone gave [M]%, = 
+ 119°, 150°, 123°, 138°. Mutarotation was so slow that a solution, 
with initial rotation [M/]}%,, = 138°, only changed to [M}iS, = 126° 
in 1 week. Again, a solution having [M}!§;, = 123° was heated 
in a sealed tube on a water-bath at 100° and showed no change of 
rotation in 4 hours, but a fall to 81° after 16 hours; the solid which 
separated on evaporation to dryness, however, gave [M]}%;, = 120° 
again. The dispersion curves set out in Fig. 4 indicate the presence 
of a kation having a dextrorotation [M]%;, = ca. 72°, but, as the 
camphorsulphonate had not been crystallised, this can only be 
regarded as a minimum value. 

Precipitation of d-Phenyl-p-tolylmethyltelluronium Iodide.—The 
d-iodide was precipitated by adding cold aqueous potassium iodide 
to a solution of the d-camphorsulphonate in acetone. The product 
was a pale yellow precipitate, m. p. 70—72°, but was usually 
inactive. The mutarotation of two active samples is shown in 
Fig. 3 (inset in Fig. 2). 
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p. Rotation Data for Figs. 1—4. 
ole, (w G. of substance in v c.c. of solution.) 
d-Bromocamphorsulphonate, M = 618; 1 = 2; t = 18°. 
bh 
dy w. v. Solvent. O5461° [M]/a. [M]s461- F 
a (i) K 0-518 20 EtAc 2-19, ——>2-91,° 119 262 —>347° | 
3). (ii) A 0-325 20 COMe, 1-55 —>1-81 190 294——>344 
ce (iii) F 0-611 20 EtAc 2-72; —> 3-40,* 101 275—>344* 

(iv) I 0-417 20 COMe, 2-13, —> 2-34, 148 316—>346 

lar (v) L 0-522 20 COMe, 2-63, ——> 2-93, 118 311 —>346 

of (vi) J 0-482 20 . COMe, 2-22, —> 2-72, 128 284—>346 






* Mutarotation not quite complete; final value [M]54¢, = 346° (300 mins.). 
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Rotation Data for Figs. \—4 (contd.). 
(w G. of substance in v e.c. of solution.) 
1-Iodide, M = 487; | = 2; t = 18°. 

w. ; Solvent. Osg61° [M]/a. [1] 5461- 
0-105 EtAc —0-21, > +000, 312 -—67—>+4+42 
0-129 COMe, —0-10,—>+0-00, 254 —27—>42 
0-367 COMe, —0-24,—~>+0-01, 149 —37—>+42 
0-182 COMe, —0-11,—>+0-00, 240 —27-—-+>+2 


d-Iodide, M = 437; 1 = 1; t = 18°. 


0-211 10 EtAc +0:16, —> +0-00, 207 +34—+>-+44 
0-146 10 EtAc +0-09,—> +000, 299 +27—>+1 


d-Camphorsulphonate, M = 541; 1 = 2; t = 18°. 
0-562 20 COMe, 1-26 94-6 119 
1-138 20 COMe, 3-14 48 150 
1-785 20 COMe, 4-05 30-4 123 
1-514 20 COMe, 3-85 35-9 138 


Dispersion curves (Fig. 4). Solvent, EtAc; 1 = 2; t = 20°. 
d-Camphorsulphonic acid ; d-Telluronium salt ; 
w = 0-571; v = 20; w = 0-622; v = 20; 
[M]/a = 40-5. [M]/a = 87. 
J [M]}.- ‘ [a]. [M]}. 
6362 . . 68° . 19-0° 103° 
5893 , . 76 , 24-8 134 
5780 . , 76 : 25-3 137 
5700 : . 80 : 26-2 143 
5461 . . 90 . 30-0 162 
5219 . . 102-5 . 36-2 196 
5086 . . 118 2- 39-9 216 
4810 . . 136 , 46-8 253 
4800 : . 136 “f 46:8 253 
4358 . : 199 — -- 


University CHEMICAL LABORATORY, 
CAMBRIDGE. [ Received, August 3rd, 1929.] 





CCCXC.—The Influence of Solvents and of Other Factors 
on the Rotation of Optically Active Compounds. 
Part XXVIII. The Rotation Dispersion of 
Mannitol and Some of its Derivatives. Note on 
Rotation Dispersion Curves. 


By Tuomas Stewart PaTTERSON and ALEXANDER 
Rospertus Topp. 


W3EN the rotation of an optically active compound is plotted against 
the square of the wave-length of the light used, it sometimes happens, 
as was first pointed out by Biot, that a curve approximating to 4 
rectangular hyperbola is obtained. Drude (‘‘ Lehrbuch der Optik,” 
1900, 380) modified Biot’s expression by writing « = k/(a® — ,”), 
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where Ay is a wave-length of a supposed absorption band. If, when 
this expression is used, the approximation to a hyperbola is such 
that any deviation falls within the limiting experimental error of 
ordinary polarimetric apparatus, it has become not uncommon to 
describe the dispersion as “ simple,” other terms, ‘“‘ complex ” and 
“anomalous,” being used to indicate divergences from this type of 
curve. 

In most substances, what is usually called the coefficient of dis- 
persion is not by any means a constant, but may be caused to assume 
any value whatsoever by comparatively slight changes (e.g., of 
temperature, of solvent, or of concentration in a given solvent) in the 
physical conditions. But, as has been pointed out by one of us, 
constant values are usually obtained if the dispersion be calculated 
from a rational zero, this being the point of intersection of the lines 
for two given colours on a characteristic diagram for the substance in 
question, or of the two corresponding temperature-—rotation curves 
for one of the derivatives belonging to the series. If the lines on the 
characteristic diagram happen in any given instance to intersect at 
zero, then the dispersion coefficients calculated in the ordinary way 
should also remain constant throughout, or at least over wide changes 
in physical conditions. 

Few cases—if indeed any—of the latter behaviour have been 
observed, perhaps the most definite being the benzenesulphonates, 
naphthalene-«- and -$-sulphonates of menthol (J., 1927, 353) and of 
borneol (J., 1928, 2472) examined by Patterson and McAlpine, the 
dispersion coefficients of which are practically constant. 

Now, in these, and in most, cases, the zero of the diagram is an 
interpolated point and does not represent actual experimental data ; 
but it has been observed that mannitol, which contains four asym- 
metric carbon atoms all supposed to be acting in the same sense, is a 
compound possessed of so little optical activity that the real existence 
of rotatory power was only established with some difficulty. Vignon 
(Compt. rend., 1873, 77, 1191) enhanced the rotation by the addition 
of boric acid and sodium borate, Bichat (ibid., p. 1192), presumably 
under Pasteur’s direction, detected the rotation of an aqueous 
solution of mannitol directly, using a tube 4 m. long, and Bouchardat 
found that ordinary mannitol in aqueous solution (c = 15) has a 
rotation for sodium light of approximately — 1-1° in a tube 3 m. 
long (tbid., 1875, 80, 120). The addition of other inorganic sub- 
stances, such as salts of molybdic acid (Gernez, ibid., 1891, 112, 
1360; Tanret, ibid., 1921, 172, 1500) or an alkaline solution of 
chromium nitrate (Grossmann and Loeb, Z. physikal. Chem., 1910, 
72, 112), develops the activity markedly. 

It follows from these facts that, on a characteristic diagram 
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constructed for derivatives of mannitol, the data for mannitol itself 
will lie almost exactly upon the zero point, which, obviously, would 
lend special precision to this region. A priori, the dispersion 
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coefficients for mannitol derivatives, calculated in the ordinary 
manner, might be expected to show a very general constancy. 
Mannitol is, unfortunately, little soluble in most of the convenient 
solvents, but we were able to examine its optical activity in aqueous 
solution and in glycerol. The temperature—rotation curves obtained 
are shown in the small inset diagram of Fig. 1. It will be observed 
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that in 10% aqueous solution at the ordinary temperature, mannitol 
has a very slight, but observable, negative rotation, which would 
become zero, apparently for all colours of light, at a temperature 
of about — 3°. When the solution is heated, the negative rotation 
is intensified, reaching, however, only the value of — 0-2° in a 
100 mm. tube for light of 1 = 4359 A.U. at a temperature of 100°. 

We had expected that, since mannitol and glycerol are substances 
of similar character, they might be easily miscible with one another ; 
this, however, is not the case, for the solubility of mannitol is only 
about 5% at the ordinary temperature. With a solution of 
approximately this concentration we obtained the results shown on 
the diagram in Fig. 1. At the ordinary temperature in this solvent, 
the rotation is distinctly positive and, with rise of temperature, it 
diminishes for the three colours of light used, in such a way that the 
temperature—rotation curves would intersect exactly, as far as can 
be judged, on the zero axis. At a temperature of 88° the observed 
rotation became zero, and at 95° we were just able to detect a slight 
negative rotation for all three colours of light; the observations were 
not pushed further. It is quite clear, however, that these curves for 
mannitol in glycerol show a distirct temperature coefficient, and 
that their curvature is convex towards the point of origin of the 
diagram, as is also the case with the aqueous solution. The solvent 
influence of glycerol, as compared with water, is to displace the 
region of intersection through 91° of temperature—from — 3° 
to + 88°. 

The rotatory dispersion of the hexa-acetyl, the hexabenzoyl, and 
the hexanitro-derivatives, and also the tribenzylidene and tri-m-nitro- 
benzylidene derivatives of mannitol, were then examined, with the 
numerical results given on p. 2888. These substances all have 
rotations considerably different from that of mannitol itself—as was 
for the most part already known—so that the compensation of the 
rotational effects of the several asymmetric carbon atoms does not 
persist in the derivatives of mannitol. The data obtained are 
shown on the characteristic diagram, Fig. 1, drawn as described in 
J., 1916, 109, 1181. Hexa-acetyl mannitol, both in benzene and in 
ethylene dibromide, has a specific rotation of just above 20° for 
mercury green, hexanitromannitol in ethylene .dibromide has a 
rotation of 56-75°, and hexabenzoyl mannitol has, in ethylene 
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wy # dibromide, a rotation of 80-32°. The last-mentioned is therefore 

fairly high: these all lie on the positive side of the diagram. On 4 
nt § the other hand, tribenzylidene- and tri-m-nitrobenzylidene-man- , 
us § nitol in chloroform have negative specific rotations, for mercury 







green, of approximately — 17-52° and — 47-22°, and in pyridine a 
— 80-4° and — 100-1°, respectively. Substitutions in the mannitol a 
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molecule thus produce derivatives having positive and also negative 
rotations of considerable magnitude. 

The data obtained, since they lie both on the positive and the 
negative side, are very suitable for the construction of a characteristic 
diagram, and it will be seen in Fig. 1 that the experimental points lie 
very closely on straight lines. In one or two cases there is a slight 
divergence, particularly for hexabenzoyl mannitol in ethylene 
dibromide for the blue line, but since this is rather a difficult colour 
to read, the discrepancy is probably due chiefly to experimental 
error. Since all of these substances are but little soluble in the 
solvents which we tried, the influence of change of concentration and 
the effect of change of temperature were not examined. As regards 
change of solvent, it will be seen that the rotations of hexa-acetyl 
mannitol in benzene and in ethylene dibromide are nearly equal, but 
those of hexabenzoyl mannitol in chloroform and in ethylene 
dibromide show a difference of rather more than 20° for green. 

The lines of the characteristic diagram pass, as we had anticipated 
on account of the behaviour of mannitol, through the point of origin, 
and it follows that the dispersion ratios throughout this diagram are 
approximately constant. This is seen in Table I, the average 
dispersion ratios between violet and green being 1-704, and between 
green and yellow 0-885. 


TABLE I. 
Dispersion coefficients, [«],*/[a|¢. 


Substance. Solvent. v*/g. b/g. y/g.- 
Hexa-acetyl C,H, 1-703 — 0-886 
mannitol C,H,Br, 1-724 — 0-888 
Hexabenzoyl CHCl, 1-704 1-328 0-888 
mannitol C,H,Br, 1-716 1-256 0-884 
Hexanitro- C,H,Br, 1-676 . 1-297 0-891 
mannitol C,H;OH 1-690 1-282 0-887 
Tribenzylidene- CHCl, 1-703 1-352 . 0-884 
mannitol C,;H,N 1-710 =1-315 = 0-883 
Tri-m-nitrobenzyl- f CHCi, 1:705 1-308 0-882 
idenemannitol C;H,N 1-711 1-319 0-883 


* For wave-lengths used, see p. 2887. 


It is, of course, quite impossible to decide definitely the shape of a 
curve determined by only six experimental points, and we are not 
prepared to say that our data for six colours of light when plotted 
against 2? lie upon rectangular hyperbole,* but if any set of these 
points does lie on such a curve, then (experimental error apart) all 
the other sets must also lie upon similar curves and ought all there- 


* When I1/a was plotted against A*, a line approximately straight was 
obtained; but this is quite an insufficient criterion. 
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fore to be represented by an expression of the form «(22 — c)* = k> 
where c might possibly be zero. 

To determine the constants k and c, we find, from our experiments, 
that when the rotation of any compound related to mannitol like 
those we have examined (and in any circumstances of solvent and 
temperature), for mercury green light, is 80°, the rotation of this 
substance for light of 1 = 0-4359 will be 136-8°, and for light of 
2 = 0-5790 u, it will be 70-7°; whence we have 

136-8(0-43592 — c) = k, and 70-7(0-5790? — c) = k, 
from which c = 0-04 (to a close approximation), and k = 20-8. 

Similarly, from data corresponding to [«]p-54¢; = 40°, c has the same 
value as before, but k = 10-4. The value of & is therefore directly 
proportional to the value of the rotation for the reference colour ; 
or k = K[a]o-54¢3, Whence K = 20-8/80 = 0-26. Therefore, as 
covering the whole behaviour of the mannitol derivatives, we have 
the equation 

[a],(a2 — 0-04) = K X [a]p-54¢, = 0-26 X [a ]o-5491- 

As far as we are aware, this is the first time that the rotational 
behaviour of a whole series of compounds has been given by a single 
expression, containing two constants, and shown to depend, other- 
wise, merely on the rotational value for one selected colour. 

The importance of the characteristic diagram in revealing a deep- 
seated regularity of behaviour does not seem to be adequately 
appreciated. Such a diagram is an expression of the fact that, if, by 
altering the circumstances of an active compound (e.g., by change of 
solvent, of temperature, or of concentration), its rotation for one colour 
of light can be made the same as that of some related compound for 
the same colour of light, then, under these particular conditions, the 
rotation of both compounds for all other colours will also be the 
same; and, further, that ‘“ visibly anomalous” dispersion, if it 
occur at all, will occur in the same rotational region for all these 
compounds. 

No theory hitherto propounded accounts successfully for this 
behaviour. The suggestion that the anomalousness of so many 
dispersion curves is due to the existence of the active compound in 
two different forms has not been substantiated, in spite of the 
ingenuity displayed in inventing elusive isomerides, which—simply 
ex hypothesi—should bring about the desired result. The further 
great difficulty now arises that, even if it were possible to make dual 
personality account for the behaviour of a whole group of com- 
pounds the data for which lie on a characteristic diagram showing 


* To write this expression in the form a(A? — A,”) = k, would imply accept- 
ance of Drude’s views, which, at present, are not part of our scientific faith. 
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“‘ anomalous ”’ dispersion, the problem would still remain of explain. 
ing a set of compounds showing “ simple ”’ dispersion, such as the 
mannitol group, for which—ex eadem hypothesi—the supposed 
isomerides are absent. 

Our own view is that ‘“ anomalous” rotation dispersion is the 
normal behaviour ; that. on the very large majority of characteristic 
diagrams the lines for the different. colours of light would intersect 
over a range, and that only in quite exceptional cases, such as that of 
mannitol, will these lines pass through the zero point of the diagram, 
and thereby cause the individual dispersion curves (« plotted against 
22 — c) to be (perhaps) genuine hyperbole. In those cases (e.g., tartar 
emetic) where a substance belonging to a group having a character. 
istic diagram indicating “ anomalous ” dispersion, gives a dispersion 
curve which can be represented by a single-term equation of the form 
[a] = k/(a® — c), there is nothing to show that this is not merely 
because the high values of the rotation mask the anomalousness 
of the curve. 

Note [added November 14th, 1929].—In a paper published since the 
above was written, Lowry and Lloyd (this vol., p. 1789), referring to 
characteristic diagrams, say : “‘ These devices are merely a graphical 
expression of Biot’s mixture rule, according to which the rotatory 
power of a binary mixture for any wave-length can be calculated by 
simple proportion from the rotatory powers of the two components 
for the same wave-length.”’ Now, it is true that the inventors of the 
characteristic diagram, Armstrong and Walker (Proc. Roy. Soc., 
1913, A, 88, 392), did develop it.as a composition diagram, but this 
is a special way of looking at the matter, which involves the quite 
arbitrary assumption, upheld by Lowry, that the changes which 
characterise optical rotatory power are necessarily due to the 
presence of two or more components, and of which, in spite of 
abundant experimental material, no valid proof has hitherto been 
adduced. 

But even apart from the complete absence of experimental proof, 
there are very serious objections to Lowry and Lloyd’s way of 
regarding the matter. The characteristic diagram has, in fact, a 
fundamentally different significance from that attributed to it by 
them. On a characteristic diagram the rotation values for other 
colours of light are plotted relative to those for some one colour 
regarded as standard—a procedure free from any kind of theory 
whatever. When data are thus plotted, it is generally found that 
the values for the different colours of light lie along lines which are 
straight or approximately so. The conclusion to be drawn from this, 
and one again entirely free from any assumption, is that the dis- 
persion—the separation—of any two colours is proportional to the 
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distance (measured in rotational value) from that point (rotation) at 
which their values are identical—the rational zero. Moreover, not 
onlydoesthis hold for oneindividual substance, but it is found that the 
relative data for many, if not all, derivatives of that substance fit, in 
a most surprising manner, upon the same diagram. This, although 
not universal, appears to hold very widely, and is of the utmost 
importance. 

Consider this from the point of view of Arendtsen’s hypothesis, 
and imagine a compound A, which could exist in two forms, A, and A, ; 
and suppose further, that in, say, aqueous solution, only molecules 
of the former were present. The dispersion must then, by hypothesis, 
be represented by the expression « = k,/(42—c,). Again, suppose 
that in alcoholic solution, the dispersion, being wholly due to mole- 
cules Ag, is represented by «= — k,/(x2 —c,). Then let these 
rotation data be plotted on a characteristic diagram as shown in 
Fig. 4, and lie on the vertical lines A,A, and A,A,. Now if an active 
compound such as A shows, either in the homogeneous condition or 
in any given solvent, a dispersion represented by a one-term equation, 
it must be impossible for it to have, in any other circumstances, 
rotation values higher or lower respectively than these; and it is 
therefore clear, in the first place, that such a diagram must be limited 
towards the right and the left by the lines A,A, and A,Ag, since the 
dispersion cannot be more “ simple,” in Lowry’s sense, than in either 
of these cases. Also, no data lying on the lines of the diagram 
between A,A, and A,A, can be represented by a rectangular hyper- 
bola. If, then, in some other solvent, a higher rotation than A,A, 
or a lower rotation than A,A, should be reached as at A,A, and 
A,A, and the dispersion appears to be “simple,” it would follow 
that the one-term expressions for the data at A,A, or A,A,, as the 
case may be, are necessarily wrong; they cannot all be simple and 
lie on the lines of the same characteristic diagram. It must be 
clear, therefore, that any finality is impossible. It could never be 
known when a characteristic diagram was complete; it could never 
be known that some hitherto untried solvent might not produce a 
still higher rotation than any previously observed, and thus disprove 
the “ simpleness ” of the dispersions already recorded. 

When an attempt is made to account for the fact that the deriv- 
atives of the mother substance A also give rotation data lying along 
the lines of the same characteristic diagram, and that their rotations 
for two given colours of light become identical always at the same 
rotation value, the matter is, on the isomeride hypothesis, so com- 
plex and speculative as not, at present at least, to merit discussion. 

Finally, there is the consideration referred to on p. 2881. 
Characteristic diagrams show a general resemblance and change 
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gradually from the somewhat extreme form for the tartrates, where 
the lines intersect over a fairly wide range, to that in which the lines 
intersect at the zero point of the diagram. On account of the 
gradual nature of this change, there does not seem to be the slightest 
reason to assume a different mechanism in these cases, and if the 
behaviour of the tartrates is due to dynamic isomerism, so is that of 
mannitol. But since the lines on the mannitol diagram pass through 
the zero, anomalous rotation is impossible, and the dispersion must 
be simple throughout. Thus we are confronted with the dilemma 
that, since the characteristic diagram is “ merely an expression of 
Biot’s mixture rule,” the behaviour of mannitol must be due to an 
equilibrium of isomerides,* which—since the dispersion is simple— 
cannot be present. Hence, there seems to be sound justification for 
refusing to accept Arendtsen’s view of anomalous rotation dispersion, 
and, in consequence, also the extension of it, advocated by Lowry, j 
to Drude’s equations. 

Note on Rotation Dispersion Curves—Wood and Nicholas (J., 
1928, 1671, 1696, 1712, 1727, and, with Chrisman, 2180) have given 
interesting data which take into account the change, not only of 
temperature, but also of solvent, of concentration, and of wave- 
length, and they seem inclined to divide temperature—rotation curves 
into four different types. This is unfortunate, for although it is not 
easy to examine the rotation of a compound through any very wide 
range of temperature, there is no doubt that the rotation of most 
optically active substances changes when they are heated, and that, 
if it were possible to heat them beyond the limits which we can at 
present attain, this change would continue. The experiments of 
Frankland, Winther, Patterson, and others appear to render it very 
probable that the four types into which Wood and Nicholas divide 
their temperature—rotation curves are merely parts of the general 
curve discussed in J., 1916, 109, 1141 (Fig. 1, D), and now reproduced 
as Fig. 3 (inset in Fig. 2). : 

For such a substance as ethyl tartrate, the dispersion rotation 
curves corresponding to the point 6 of Fig. 3 lie upon a curve which 
resembles a hyperbola in the fourth quadrant, whereas those corre- 
sponding to points between g and A resemble hyperbole lying in the 
first quadrant, and in both cases these may be taken, and have been 
taken, to show “ simple ” dispersion. On the other hand, dispersion 
rotation curves corresponding to points near the region ef show 
marked characteristics of so-called ‘‘ anomalous’ dispersion. It 
seems to us, however, that the anomalousness is just as much 
inherent in dispersion rotation curves pertaining to other regions of 


* Apparently these would be optical antipodes, since the rotation and dis- 
persion are exactly equal and opposite. 
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the general temperature-rotation curves, although it is not so easily 
detected. © We have already made it clear that “‘ simple ” dispersion 
islikely tobe found for the whole mannitol series (p: 2880) ; similarly, 


Fra. 2. 
Dispersion rotation curves for various tartrates. 
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years ago, and wish to put on record a point not previously referred 
to. We have already mentioned the alteration in shape suffered by 
dispersion rotation curves when drawn to correspond to different 
regions of the general temperature—rotation curve, varying from a 
minimum through a region of intersection to a maximum. The 
question now relates to the change of shape of dispersion rotation 
curves in passing, on the general temperature—rotation curves, from 
one maximum to another maximum through a minimum, i.e., from 
the region f to o in Fig. 3. The latter curves for solutions in 
quinoline of ethyl tartrate, p = 13 (J., 1916, 109, 1145), isobuty! 
tartrate, p = 20 (loc. cit., p. 1147), and of isobutyl diacetyltartrate, 
p = 20 (loc. cit., p. 1155), clearly belong to the region ikl of Fig. 3: 


Fie. 4. 
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A; 
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whereas those for homogeneous isobutyl diacetyltartrate (loc. cit., 
p. 1155) and for that ester in s-tetrachloroethane, p = 20 (loc. cit., 
p. 1156), equally clearly belong to the region kim. 

In Fig. 2 are reproduced a number of dispersion rotation curves 
drawn from the data in the paper referred to. It will be seen that 
the two uppermost curves, A and B, representing isobutyl tartrate 
in quinoline (p = 20, t= 0°) and isobutyl diacetyltartrate in 
quinoline (p = 20, ¢ = 0°), and belonging to the region tk of Fig. 3, 
are not visibly anomalous. The curves C (ethyl tartrate in quin- 
oline, p = 13, t = 0°) and D (isobutyl tartrate in quinoline, p = 20, 
t = 147-5°) tend to become distinctly flatter towards the violet. 
Curve E for isobutyl diacetyltartrate in quinoline (p = 20, t= 
103-3°) is somewhat similar, but, unfortunately, could not be carried 
into the dark blue region. These belong to the region kl of Fig. 3; 
and curve F, for ethyl tartrate in quinoline (p = 20, t = 65-1°)— 
immediately before the minimum in the temperature-—rotation 
curves (loc. cit., p. 1145)—shows distinct anomalousness, somewhat 
similar to that found in homogeneous ethyl tartrate at t = 170°. 
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This behaviour is repeated in the curves G, H, K, and L, which are 
for homogeneous isobutyl diacetyltartrate at temperatures of 
— 18°, 0°, 4°, and 42-2°, respectively. These carry us to the 
minimum in the temperature-rotation curves, and the next dis- 
persion curve, M, for the same ester at t = 72-5°, since it cuts L, is 
obviously tending to show less anomalousness, whilst in curve N, 
for the same ester at 200°, corresponding to some point about m in 
Fig. 3, the visible anomalousness has largely or entirely disappeared. 
Curves O and P, for isobutyl diacetyltartrate in s-tetrachloroethane 
(p = 20) at t = 0° and 99-7°, respectively, show a similar behaviour. 

There is thus a tendency for visible anomalousness to develop in 
dispersion curves corresponding to the region kl of the general tem- 
perature—rotation curve, whilst, in dispersion rotation curves corre- 
sponding to regions beyond this minimum of the general temperature— 
rotation curve, the anomalousness becomes less apparent. 


EXPERIMENTAL. 
The wave-lengths (in A.U.) of the light used are denoted by the 
following letters : 


b Vv 


ry. r 


be y: g- ° 2 
6716 6234 5790 5461 4916 4359 


Mannitol in Water.—p = 10-25; | = 160 mm. 

50° 69° 
1-0232 1-0034 

—.0-06° —0-08° 
—0-36 —0-49 
—0-07 —0-99 
— 0-42 —0-55 
—0-13 —0-16 
—0-775 —0-97 


Mannitol in Glycerol.—p = 4-523; 1 = 160 mm. 
13-8° 41-0° 54-5° 66-5° 88-0° 95-0° 
+0-24° +0-16° +0-09° 0-00° —0-02° 
+0-45° +0-27° +0-18° +0-10° 0-00° —0-02° 
+0-76° +0-46° +0-31° +0-17° 0-00° —0-03° 


Hexa-acetyl mannitol was prepared in theoretical yield by 
Franchimont’s method (Ber., 1879, 12, 2059), acetic anhydride being 
used in presence of fused zinc chloride as acetylating agent. The 
crude product, of m. p. 119°, after two recrystallisations had m. p: 
126° (literature gives 119°) (Found, by Perkin’s method : CH,°CO, 
59:5. Cale. for C,,H,,0,.: CH,°*CO, 59-45%). Acetylation with 
acetyl chloride in presence of a few drops of pyridine also gave a 
theoretical yield, m. p. 126°. 





2888 . THE INFLUENCE OF SOLVENTS, ETC. PART XXVIII. 
Rotations. (1) In benzene : c = 2-1405;. ¢ ='22°. 
g. Vv. 
20+55° 35-04° 
(2) In ethylene dibromide : c = 1-389; ¢ = 22°. 
18-53° 20-87° 35-99° 


Hexabenzoyl mannitol was prepared by Panormov’s general 
method for polyhydric alcohols (J. Russ. Phys. Chem. Soc., 1891, 
23, 375): 10 G. of mannitol were added to a mixture of 60 g. of 
benzoyl! chloride with 480 c.c: of 20° caustic soda solution, stirred 
at 0° for 1} hours, and kept over-night ; the white resinous product 
which separated was washed with water and dissolved in benzene, 
excess of benzoyl chloride being removed from this solution by 
shaking with dilute potassium carbonate solution. When the 
benzene was removed, the syrup which remained slowly solidified 
to a white mass of hexabenzoyl mannitol, which was recrystallised 
from methylated spirit, forming very fine needles, m. p. 147— 
148°; yield 65%. 

Rotations. (1) In chloroform: co = 1-1850; ¢ = 22°. 


r y g b v 


2° . . . . 
42+62° 52-75° 59-4° 78-9° 101-2° 


= 0-9650; .¢ = 22°. 
51-82° 58-82° 71-0° 80:32° 100-9° 137-8° 
Hexanitromannitol was prepared as described by Sokoloff (J. 
Russ. Phys. Chem. Soc., 1879, 11, 136), the mannitol being stirred 
into fuming nitric acid cooled in ice. Ice-cold concentrated sul- 
phurie acid was then slowly added with stirring, and, after standing 
in ice for a few minutes, the semi-solid mass was poured into ice- 
water and filtered; the white precipitate of hexanitromannitol was 
washed with water and a little dilute caustic soda solution, and 
recrystallised from dilute alcohol until pure, forming white, silky 
needles, m. p. 112—113°. Yield’'75%. 
Rotations. (1) In ethylene dibromide: c = 0-3260; ¢ = 22:-2°. 
Ty Fs y- g. b. Vv. 
36-8° 41-4° 50-6° 56-75° 73-6° 95-2° 
(2) In alcohol : c = 1-3770; >t = 22°. 
32-7° 38-5° 45-8° 51-6° 66-1° 87:2° 


Tribenzylidenemannitol (Fischer, Ber., 1895, 28, 1979) was pre 
pared by shaking together a mixture of 10 g. of mannitol, 20 g. d 
benzaldehyde, and 30 c.c. of concentrated hydrochlorie acid (30%). 
The benzylidene compound began to separate at once and in a fev 
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minutes the mass went solid. After standing for 4 hour, the 
mixture was filtered and the crude tribenzylidenemannitol was 
recrystallised several times from absolute alcohol, in which it is very 
sparingly soluble, being obtained as a felted mass of fine white 
needles, m. p. '218-—-219°. Wield 70%. 
Rotations... (1) In chloroform : c = 1-0562; ¢ = 25-0°. 
rp. y- g- b. Vv. 
—12-8° =—156° +17-5° —23-7° ~—29-8° 


- c= 1-008 ; ; = 23. 
—59-4° —70-9° —80-4° —105-65° —137-4° 


Tri-m-nitrobenzylidenemannitol (De Bruyn and Van Ekenstein, 
Rec. trav. chim., 1900, 19, 178) was made in the same way as the 
preceding compound, but the reaction was complete only when the 
mixture of mannitol (5 g.), m-nitrobenzaldehyde (14 g.), and con- 
centrated hydrochloric acid (20 c.c.) had stood, with occasional 
shaking, for about a week. The product was recrystallised from 
acetone, in which it is slightly soluble, and resembled the preceding 
compound in appearance. M. p. 248—249°. Yield 60%. 

Rotations. (1) Inchloroform : ¢ = 0-413; ¢ = 25°; 1 = 200mm. 

Fy. Fa. y- g- b. v. 
—30-3° —385-1° —42-6° -—47-2° —61:7° —82-4° 

(2) In pyridine: c = 1-019; ¢ = 22°; 7 = 200 mm. 

—73-1° 883° —100-1° —132-0° —171:3° 


One of the authors (A. R. T.) desires to express his gratitude to 
the Carnegie Trustees for the Universities of Scotland for a Research 
Scholarship which enabled him to take part in this research. 
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CCCXCI.—The Stereoisomeric 2:3: 5: 6-T'etramethyl- 
piperazines. Part I. 


By FREpERIC Barry KIppPIne. 


2:3:5: 6-TETRAMETHYLPIPERAZINE, NE oe 


should be capable of existence in five optically inactive stereoisomeric 
forms, which may be indicated thus :— 
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As only two (or possibly three) of these isomerides have been 
described, attempts have been made to prepare other members of 
the series. 

After reducing 2: 3:5: 6-tetramethylpyrazine with sodium and 
alcohol, Wolff (Ber., 1893, 26, 724) isolated «-tetramethylpiperazine 
(dinitroso-derivative, m. p. 154°), 8-tetramethylpiperazine (dinitroso- 
derivative, m. p. 99°), and a trace of a third isomeride (dinitroso- 
derivative, m. p. 82—86°). Stoehr (J. pr. Chem., 1897, 55, 49), 
repeating Wolff’s work, obtained the «- and 8-compounds but found 
no trace of a third isomeride : his results have now been confirmed 
by the present author. 

As the reduction of this pyrazine seemed to be the only con- 
venient method of preparing the corresponding piperazines, other 
reducing agents have been tried. Four of the five possible isomerides 
have thus been prepared. 

Direct hydrogenation of tetramethylpyrazine hydrate with 
platinum oxide—platinum as the catalyst was unsuccessful, no 
hydrogen being absorbed by solutions in alcohol and in ethyl 
acetate, only small amounts when acetic acid was used as solvent, 
and little more when hydrogen chloride was present. Anhydrous 
tetramethylpyrazine hydrochloride, however, was rapidly and quanti- 
tatively reduced in absolute alcohol (compare Hamilton and Adams, 
J. Amer. Chem. Soc., 1928, 50, 2260, who found that, whereas 
pyridine was a poison to platinum catalysts, pyridonium salts were 
easily reduced). The reduction product consisted of a mixture of 
the 8-isomeride already described and a new y-isomeride (dinitroso- 
derivative, m. p. 174°). With palladium-black as catalyst, the 
reduction was much slower and did not proceed to completion and 
the products were again the $- and y-isomerides. The passage of a 
mixture of tetramethylpyrazine vapour and hydrogen over nickel 
at 170—180° produced no reduction. 

Reduction with aluminium amalgam in neutral solution gave a 
mixture of «-, B- and y-tetramethylpiperazines. Sodium amalgam 
in aqueous acetic acid or hydrochloric acid gave mixtures of the 
a- and §-bases only. 

Tin and hydrochloric acid reduced tetramethylpyrazine to 4 
mixture of the a-, 8- and y-bases and a very small quantity of a 
fourth 8-isomeride (dinitroso-derivative, m. p. 189°). 

In order to separate the isomerides in the reduction products, the 
hydrochlorides (or in some cases the hydriodides) were fractionally 
crystallised from water, alcohol, or mixtures of these solvents, each 
fraction being converted into its nitroso-derivative, the melting 
point of which was used as the criterion of purity. The bases were 
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easily recovered from the nitroso-derivatives by hydrolysis with 
hydrochloric acid. 

The benzoyl and toluenesulphonyl derivatives of the various 
isomerides were then prepared for purposes of comparison and 
reference. In the formation of toluenesulphonyl derivatives, 
striking differences in behaviour were exhibited by the stereo- 
isomerides. The y-base gave a monotoluenesulphonyl derivative 
readily (but not quantitatively) by the Schotten—Baumann method, 
but did not form a ditoluenesulphonyl compound under any con- 
ditions. The a- and §$-bases, on the other hand, reacted with 
p-toluenesulphonyl chloride only if they were anhydrous; a mono- 
and a di-derivative of the 8-base were thus prepared, but the 
mono-derivative of the «-base could not be obtained. The 8-base 
was not available in sufficient quantity to allow of such experiments 
being made. 

This behaviour is perhaps related to the extreme ease of hydrate 
formation of these bases (compare Graymore, this vol., p. 587); 
the y-base, however, also gives a hydrate very readily. 


EXPERIMENTAL. 


Tetramethylpyrazine.—The isonitroso-derivative of methyl ethyl 
ketone (Diels and Jost, Ber., 1902, 35, 3292) was converted into 
tetramethylpyrazine as follows (compare Kipping and Pope, J., 
1926, 1077; Gabriel and Pinkus, Ber., 1893, 26, 2206). The 
isonitroso-derivative (50 g.) was slowly added to a solution of 
stannous chloride (205 g.) in concentrated hydrochloric acid (295 c.c.) 
maintained at 5—10° and stirred mechanically. The product was 
diluted with water (450 c.c.), and 33% sodium hydroxide solution 
(900 c.c.) run in, the temperature being kept at 40—50°. Mercuric 
chloride (136 g.), dissolved in hot water (300 c.c.), was then added, 
and the mixture distilled in steam. Tetramethylpyrazine hydrate 
(26 g.) erystallised from the distillate on cooling (compare Guttnecht, 
Ber., 1879, 42, 2291; Treadwell, Ber., 1881, 14, 1469; Kiinne, Ber., 
1895, 28, 2040). The anhydrous base was prepared from the 
hydrate by distillation: after removal of all the water (together 
with some of the base), the pure base boiled at 189—190° and melted 
at 85—86°. 

The hydrochloride was prepared by evaporation to dryness of a 
solution of the base in hydrochloric acid or better by precipitation 
with dry hydrogen chloride of a solution of the anhydrous base in 
ether. 

The anhydrous hydrochloride melted at 156° (Wolff, Ber., 1887, 
20, 428, gives 91°. This is clearly the m. p. of the hydrate) (Found : 
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C, 55-0; H, 7-5; Cl, 21-0, Oale. for CsH,.N,,HCl;: C, 55-6; H, 7-5; 
Cl, 20-6%). It is easily soluble in alcohol, water, acetone and acetic 
acid, fairly so in chloroform, and almost insoluble in ether and ethy| 
acetate.. It sublimes readily ina, vacuum at 100°. After standing 
in moist air for a day, the salt melted at 87—-88° (Found : Cl, 17-1. 
Calc. for CgH,3N,,HCL2H,O.: Cl, 17-05%). 

Reduction of Tetramethylpyrazine. (a) With sodium and. alcohol. 
To a solution, of tetramethylpyrazine (33:3 g.) in absolute alcohol 
(650 c.c.), sodium (107 g.) was gradually added, dissolution being 
completed by heating. The product was diluted with water and 
distilled in steam, and the distillate neutralised with hydrochloric 
acid. Evaporation to dryness yielded 52-5 g, of hydrochloride, 
which was extracted with two lots of 250 c.c. of het absolute alcohol. 
The residue (15 g.) gave @ nitroso-derivative, m. p.. 154—156° 
without recrystallisation, and was therefore Stoehr’s «-tetramethyl- 
piperazine hydrochloride. The alcoholic extracts were evaporated 
gradually and the successive crops of crystals were converted into 
nitroso-derivatives, all of. which melted between 93° and 101°; 
careful fractionation of each portion resulted in the preparation of 
Stoehr’s §-base (nitroso-derivative, m. p. 101—102°). No trace 
whatever was found of an isomeride giving a nitroso-derivative, 
m. p. 82—86°, as described by Wolff. 

(b) With hydrogen and a platinum catalyst. The following method 
was adopted, as in no other case could anything approaching a 
quantitative reduction be obtained. A solution of tetramethyl- 
pyrazine hydrochloride (30 g.) in absolute alcohol with the addition 
of acetic acid (20 c.c,) and platinum oxide (0-3 g.) (“ Organic Syn- 
theses,” VIII, 92) was shaken in hydrogen at just over atmospheric 
pressure for 8 hours, about 11 1. of hydrogen being absorbed. The 
solution was filtered from catalyst and concentrated somewhat, and 
sodium hydroxide gradually added until all unchanged tetramethyl- 
pyrazine had been precipitated as its hydrate (5 g.). This was 
removed by filtration,.the filtrate made strongly alkaline and dis- 
tilled in steam, and the distillate neutralised with hydriodic acid. 
The preparation was repeated until 87 g. in all of tetramethy!- 
pyrazine hydrochloride had been reduced. The tetramethylpiper- 
azine hydriodide (130 g.) obtained was fractionally crystallised from 
water, aqueous alcohol, and aleohol in the order named, as the 
fractions increased in solubility in water. Each fraction was con- 
verted into the hydrochloride and subsequently into the nitroso- 
derivative, and the latter crystallised to constant melting point. 
Two nitroso-derivatives were thus obtained: (@) From the less 
soluble hydriodide fractions, a nitroso-derivative, m. p. 173—174, 
which gave a new y-tetramethylpiperazine (for analysis, etc., see 





2:3:5: 6-THTRAMETHYLPIPERAZINES. PART I. 2893 


later); (6) from the more soluble hydriodide fractions, Stoehr’s 
3-nitroso-derivative, m.p.101—102°. No evidence could be obtained 
of the existence of any other isomeride in the reduction product. 

(c) With aluminium amalgam. Aluminium (15 g.) was amal- 
gamated (Mann and Pope, Proc. Roy. Soc., 1925, 107, 86) and tetra- 
methylpyrazine hydrate (15 g.) in 95% alcohol (250 e.c.) was added 
at about 50°. A gentle reaction took place and when, after 4—5 
hours, almost all the aluminium had dissolved the solution was 
filtered, neutralised with hydrochloric acid, and evaporated to 
dryness. The syrupy product partly crystallised on addition of 
alcohol, and the crystals gave a nitroso-derivative, m. p. 157° 
(x-base). The mother-liquor was distilled with alkali and neutralised 
with hydriodic acid, and the product fractionated from aqueous 
acetone. The less soluble portion gave a nitroso-derivative, m. p. 
173—174° (y-base), and the more soluble fraction one of m. p. 100° 
(s-base). The yields in this reduction were poor and small amounts 
of another base (insoluble in water) were present; as this could not 
be a tetramethylpiperazine (possibly it was a partly reduced 
pyrazine), it was not investigated. 

(d) With sodium amalgam. Reduction of tetramethylpyrazine 
hydrate with 5% sodium amalgam in aqueous acetie and hydro- 
chloric acids was carried out in the usual way, and the product 
examined as in the reduction with sodium. The bases produced in 
this manner were solely the e- and 8-isomerides. 

(e) With tin and hydrochloric acid. A mixture of tetramethyl- 
pyrazine hydrate (20 g.), concentrated hydrochloric acid (100 ¢.¢.), 
and tin (50 g.) was boiled under reflux until the metal had dissolved. 
After being made alkaline, the product was distilled in steam, and 
the distillate neutralised with hydrochloric acid and concentrated. 
On cooling, crystals (2-5 g.) separated from which the base was iso- 
lated by distillation with alkali. On addition of saturated potassium 
carbonate solution to the distillate a solid base separated which 
after crystallisation from acetone had m. p. 85° and gave a nitroso- 
derivative, m. p. 157°, clearly Stoehr’s a-isomeride. The acetone 
mother-liquor, neutralised with hydrochloric acid, evaporated, and 
treated with sodium nitrite, gave a nitroso-derivative (0-05 g.), 
which after crystallisation from acetone melted at 188—189°. 
This is the nitroso-derivative of a fourth tetramethylpiperazine, the 
5-isomeride. 

The hydrochloride in the original mother-liquor was converted 
into hydriodide, which on fractionation yielded the - and -bases 
together with some unchanged tetramethylpyrazine. In further 
similar experiments, 0-4 g. of dinitroso-3-tetramethylpiperazine was 
obtained from 20 g. of tetramethylpyrazine. 

5E2 
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The Stereoisomeric Tetramethylpiperazines and their Derivatives — 
In the preparation of these substances the dinitroso-derivatives were 
first made and crystallised to constant melting point. 

a-2: 3:5: 6-Tetramethylpiperazine (compare Wolff and Stoehr, 
loce. cit.) is a colourless solid, b. p. 177—178°, m. p. 45°. Its hydrate 
(2H,O) has m. p. 84—85° and crystallises easily from acetone. 
This (and the other isomerides) is readily soluble in water, but 
may be precipitated almost completely by the addition of a little 
potassium carbonate solution. 

The dihydrochloride crystallises in prisms from aqueous alcohol 
and does not melt below 300° (Found, after drying in a vacuum at 
15°: Cl, 32-8. Cale. for C,H,,N,,2HC1: Cl, 33-0%). It is almost 
insoluble in absolute alcohol. 

Dinitroso-«-2 : 3:5: 6-tetramethylpiperazine forms _ slightly 
yellow needles which crystallise easily from alcohol, m. p. 157°. 
It is exceedingly readily soluble in hot acetone, but only very 
slightly soluble in light petroleum. 

Di-p-toluenesulphonyl-«-2 : 3 : 5 : 6-tetramethylpiperazine. The 
anhydrous base (1-5 g.) was dissolved in dry pyridine, p-toluene- 
sulphonyl chloride (4-1 g.) added, and the solution boiled gently for 
about 3 hours; a precipitate gradually formed. Most of the 
pyridine was then distilled away, the residue treated with water, 
and the precipitated solid crystallised from hot pyridine and 
washed with acetone. (From the aqueous liquor, by treatment 
with nitrous acid, about 1-1 g. of dinitroso-«-tetramethylpiperazine 
were recovered.) This product melts at 308—309°, is easily soluble 
in hot pyridine, sparingly soluble in xylene, and almost insoluble in 
all the other usual solvents (Found : N, 6-5; S, 14-6. C,,.H ,0,N,S, 
requires N, 6-2; S, 14-22%). 

Dibenzoyl-«-2 : 3 : 5 : 6-tetramethylpiperazine, prepared by the 
Schotten—Baumann method, crystallises easily from alcohol in 
colourless plates, m. p. 247—248° (compare Wolff and Stoehr, 
loce. cit.). 

8-2 :3:5:6-Tetramethylpiperazine, prepared from its nitroso- 
derivative, is a colourless liquid, b. p. 183°. It forms no solid 
hydrate. The dihydrochloride crystallises from alcohol, in which 
it is much more soluble than the «-isomeride, in colourless prisms 
which do not melt at 300° (Found, after drying in a vacuum at 15°: 
Cl, 32-85. Cale. for C,H,,N,,2HCI: Cl, 33-0%). The dihydriodide 
also is fairly soluble in alcohol. 

Dinitroso-8-2 : 3 : 5 : 6-tetramethylpiperazine crystallises from 
alcohol (or aqueous alcohol) in yellow prisms, m. p. 101—102°. It 
is more readily soluble in alcohol, acetone and light petroleum than 
the «-isomeride. 





VES .— 
} were 


“oehr, 
drate 
tone. 
, but 
little 


cohol 
im at 
most 


ghtly 
157°, 
very 


The 
uene- 
y for 
the 
rater, 

and 
ment 
azine 
luble 
le in 


NS; 


the 
yl in 
oehr, 


2:3:5:6-TETRAMETHYLPIPERAZINES. PART I. 2895 


p-Toluenesulphonyl-8-2 : 3 : 5 : 6-tetramethylpiperazine. When the 
anhydrous base (4:1 g.) in pyridine was mixed with p-toluene- 
sulphonyl chloride (11-5 g.), also dissolved in pyridine, heat was 
produced and the mixture became dark-coloured. After standing 
over-night, the precipitate which had formed was filtered off (8-1 g.) 
(A), and the pyridine removed from the mother-liquor by distill- 
ation. On treatment of the residue with water a dark-coloured 
solid (4:7 g.) (B) remained. 

Portion (A), m. p. ca. 275°. This substance contained ionic 
chlorine and was therefore treated with dilute sodium hydroxide 
solution and washed well. After repeated crystallisation, mono- 
p-toluenesulphonyl-8-tetramethylpiperazine,m.p.81—82°, was obtained 
(Found : N, 9-7; S, 10-7. C,,H,,0,N,S requires N, 9-5; S, 10-7%). 
It crystallised from alcohol or aqueous alcohol in small colourless 
needles or prisms and from light petroleum in prisms. Passage of 
dry hydrogen chloride through an ethereal solution caused pre- 
cipitation of the hydrochloride, which crystallised from alcohol 
in colourless prisms, m. p. 278° (decomp.) (Found: Cl, 10-6. 
C,;H,,O0,N.S,HCl requires Cl, 10-65%). 

Portion (B). This was washed with petroleum to remove any 
unchanged p-toluenesulphonyl chloride; the recidue crystallised 
from aqueous pyridine in small colourless plates, m. p. 222°, of 
di-p-toluenesulphonyl-8-tetramethylpiperazine (Found: N, 63; S, 
14-4. C,H 5,0,N.S, requires N, 6-2; S, 14:2%). 

In further preparations a substance was isolated which separated 
from alcohol—acetone in clusters of needles, m. p. 238—239°. Treat- 
ment with dilute alkali solution yielded mono-p-toluenesulphonyl- 
8-tetramethylpiperazine, and when this was mixed in acetone 
solution with 1 mol. of p-toluenesulphonic acid the substance of 
m. p. 238—239° was regenerated. The latter is therefore the 
p-toluenesulphonate of the mono-p-toluenesulphonyl derivative. 

Dibenzoyl-8-2 : 3 : 5 : 6-tetramethylpiperazine, prepared by the 
Schotten—Baumann method, crystallises easily from acetone—light 
petroleum and melts at 175—176° (compare Wolff and Stoehr, 
loce. cit.). 

y-2:3:5:6-Tetramethylpiperazine, prepared in the usual way 
from its nitroso-derivative, is a colourless solid, m. p. 67—68°, 
b. p. 195—196°. Addition of potassium carbonate to its aqueous 
solution produced a jelly-like precipitate which was doubtless a 
hydrate, but it was not further investigated. 

The dihydrochloride crystallises from aqueous alcohol in large 
plates containing (after being dried in a vacuum at 15°) one 
molecule of water (Found : Cl, 29-9; H,O, 8-2. C,H,,N,,2HCl,H,O 
requires Cl, 30-5; H,O, 7-8%. Found, after drying in a vacuum at 
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100°: Cl, 33-2. C,H,,N,,2HCl requires Cl, 33-0%). It does not 
melt below 300°. 

The dihydriodide crystallises from water in cubes or octahedra and 
is almost insoluble in alcohol (Found: I, 63-6. C,H,,N,,2HI 
requires I, 63-8%). 

Dinitroso-y-2 : 3 : 5 : 6-tetramethylpiperazine crystallises from alco. 
hol or acetone in yellow prisms, m. p. 173—174° (Found: C, 47-7; 
H, 7-9. C,H,,0,N, requires C, 48-0; H, 8-0%). It has about the 
same solubility as the «-isomeride in alcohol, but is less soluble in 
acetone, 

Mono-p-toluenesulphonyl-y-2 : 3: 5 : 6-tetramethylpiperazine could 
be prepared in aqueous solution in small yield only and was pre. 
ferably made in pyridine as before. In all cases, even when a large 
excess of the acid chloride was used, only the mono-derivative could 
be obtained. It crystallised from aqueous alcohol or light petroleum 
in colourless plates, m. p. 138—139° (Found: C, 60-9; H, 81. 
C,;H.,0,N.8 requires C, 60-8; H, 8-1%). The passage of dry 
hydrogen chloride through an ethereal solution precipitated the 
hydrochloride, which, after crystallisation from aqueous alcohol, 
had m. p. 332° (decomp.) (Found: Cl, 10-7. C,;H,,0,N,S,HC 
requires Cl, 10-65%). 

Benzoyl-y-2 : 3 ; 5 : 6-tetramethylpiperazine. Treatment of _ the 
y-base with benzoyl chloride by the Schotten—Baumann method 
yielded a product which on fractionation from acetone gave two 
substances melting at 162° and 65° respectively. The low-melting 
fraction was dissolved in benzene, traces of the high-melting sub- 
stance were removed, and hydrogen chloride was passed through the 
filtrate. A gummy substance was precipitated which crystallised 
from alcohol and did not melt at 300° (Found: Cl, 124. 
C,;H,.ON,,HCl requires Cl, 12-55%). This hydrochloride was 
dissolved in water and treated with alkali; the precipitated mono- 
benzoyl-y-2 : 3 : 5 : 6-tetramethylpiperazine crystallised from light 
petroleum in small colourless prisms, m. p. 85° (Found: N, 11:35. 
C,;H,,ON, requires N, 11-4%). 

The high-melting fraction was crystallised successively from 
benzene, ethyl acetate and alcohol, in all of which it was easily 
soluble, and finally obtained in colourless prisms, m. p. 163—16¢’ 
(Found : N,7-7,7-7. C,,H,,0,N, requires N, 8-0%). It is therefor 
dibenzoyl-y-tetramethyl piperazine. 

8-2:3:5:6-Tetramethylpiperazine. Treatment of an aqueous 
solution of the hydrochloride of this base with alkali gave a pre 
cipitate of fine needles (probably a hydrate), m. p. 53—55° (without 
crystallisation). The dihydrochloride crystallised from water it 
small colourless prisms and did not melt below 300°. It was almost 
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insoluble in alcohol (Found: Cl, 32-9. C,H,,N,,2HCl requires 
Cl, 33-0%). 

Dinitroso-8-2 : 3: 5 : 6-tetramethylpiperazine _crystallises from 
acetone, in which it is much less soluble than the other isomerides, 
in yellow prisms, m. p. 189—190° (mixed m. p. with y-isomeride, 
145—150°) (Found by micro-methods: C, 48-0; H, 8-7; N, 27-7. 
C,H,,0.N, requires C, 48-0; H, 8-0; N, 28-0%). 


Summary. 

Four of the five theoretically possible 2.: 3: 5 : 6-tetramethyl- 
piperazines have been prepared by reducing 2 : 3 : 5 : 6-tetramethy]- 
pyrazine under various conditions. Their properties, as would be 
expected, are very similar except with regard to their behaviour 
with p-toluenesulphonyl chloride. In this case the «-isomeride 
yields a di-derivative, the y- a mono-, and the B- both. Only small 
quantities of the 3-base were available and were insufficient for study. 

Further work is in progress on these bases with a view to a deter- 
mination of their configuration. 


In conclusion I wish to express my thanks to Sir William Pope 
for his interest in this work. 


THe UNIVERSIry CHEMICAL LABORATORY, 
CAMBRIDGE. [Received, October 23rd, 1929.] 





CCCXCIT.—Colloidal Phenoxides. Pari I. The Re- 
lation between Constitution and Colloidal Properties 
in Benzo-y-pyrones. 

By Witson Baker and Franogs May Eastwoop. 


CeRTAIN substituted hydroxy-derivatives of benzo-y-pyrone 
(chromone) have been found to give gels of considerable strength 
when their hot, alkaline solutions (e.g., 1% in slight excess of aqueous 
sodium hydroxide) are cooled. This was first observed with the 
sodium salts of 7-hydroxy-2 : 3-diphenylbenzo-y-pyrone (I) and 
7-hydroxy-3-phenyl-2-styrylbenzo-y-pyrone (II) (Baker and Robin- 
son, J., 1925, 127, 1981*), and later with 5 : 7-dihydroxy-3-p- 
methoxyphenyl-2-styrylbenzo-y-pyrone (III) (idem, J., 1926, 2713). 


* The substances were here referred to as substituted flavones or isoflavones, 
but for the sake of uniformity they are regarded in this paper as substituted 
benzo-y-pyrones. 
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Some years ago it was suggested to one of us (W. B.) by Dr. F. 
Fairbrother, of the Victoria University of Manchester, that a 
fluorescent gel-forming substance would possibly be of use in elucid. 
ating the structure of gels, since it might permit of a differentiation 
between the two phases of the structure, provided that this is not 
beyond the limits of microscopic resolution. The synthesis and 
examination of such a compound is the motive underlying this series 
of papers, and in particular, this paper deals with the relationship 


HO -CH:CHPh 
(III.) (IV.) 
9O>.-™ 06: 
HO CO 


HO CO 


between chemical constitution and ability to form gels, describing 
the synthesis of some benzo-y-pyrones (a few of which have this 
property in dilute sodium hydroxide solution), the effect of varying 
the number and positions of the hydroxy] groups in the “ benzo” 
nucleus, and also the effects caused by altering the substituents in 
positions 2 and 3. The results may be summarised as follows. 
The phloroglucinol derivatives (IV) and (V), corresponding in 
structure to the resorcinol derivatives (I) and (IT), give gels in alkaline 


wv, HO C-CH:CHPh = HO OOF ‘CH:CHPh , 


Ph Age C,H, ‘OMe | 
HO CO 


solution, as does also the resorcinol derivative (VI), which thus 
corresponds with its phloroglucinol analogue (III). 

It has been found throughout that the behaviour of corresponding 
resorcinol and phloroglucinol derivatives towards alkali is identical. 
This might be expected since the hydroxy] group in position 5, owing § 
probably to the co-ordination of its hydrogen with the oxygen of the 
neighbouring carbony! group, possesses such weakly acidic properties 
that its presence does not confer solubility in aqueous alkalis upon 
a compound. Thus the 5-hydroxy-compound (VII) is insoluble 
even in boiling aqueous sodium hydroxide. 


MeO Aeon H CPh 
H . 
a Soe CH,Ph 
HO 0 (HO) So 


(VIII.) (IX.) 

The 6-hydroxy-derivative (VIII), corresponding to the 7-hydroxy: 
derivative (I), gives no gel, but the alkali salts are very sparingly 
soluble in water. Monohydroxy-compounds containing the hydroxy! 
group in position 8 were not available, but it may be noted that 
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7; 8-dihydroxy-2 : 3-diphenylbenzo-y-pyrone (Baker, J., 1925, 127, 
2349) posesses normal phenolic properties. 

All the benzo-y-pyrones which give colloidal phenoxides have 
aromatic groups in positions 2 and 3. A large number of compounds 
containing only one aromatic substituent in these positions and 
hydroxyl groups in position 7; or 5 and 7, are known (flavones, 
isoflavones, and many synthetical alkyl derivatives thereof), but they 
all behave normally towards alkalis. The substituents in positions 
2 and 3 which confer colloidal properties on the phenoxides are 
phenyl, p-methoxyphenyl, and styryl, in certain combinations only. 
Compounds containing a benzyl group in position 3, e.g., (IX) and 
its 5-hydroxy-derivative (Baker, loc. cit.), yield no gel. Compounds 
containing a benzyl group in position 2 were not available (see 
succeeding section). 

Neither (X) nor its phloroglucinol analogue (XI) gives a gel in 
alkaline solution, so that the introduction of the p-methoxy-group 
into the 3-phenyl nucleus inhibits gel formation. This is also seen 
by comparing (XII) and (XIII), of which only (XII) gives a colloidal 
phenoxide. This effect of the methoxy-group is not exercised in 
the cases of (III) and (VI), where a styryl group is present in position 
2. Somewhat unexpectedly the 2-veratryl derivative (XIV) gave 


no gel, but its behaviour towards alkaline solutions is by no means 
normal (see Experimental). 


HO CPh HO C-C,H,OMe 
*C,H,OMe C-C,H,°H(OMe) 
(HO) CO O 
(X.) and (XI, with OH.) (XII.) and (XIII, with OMe.) 
- It will be seen that no simple relation exists between the properties 
of the alkali salts and the constitution of these substances, although 
a few generalisations may be made. For the formation of a colloidal 
phenoxide, the following substituents must be present in the benzo- 
y-pyrone nucleus: (1) a hydroxyl group in position 7, with or 
without a further such group in position 5 ; (2) a phenyl, p-methoxy- 
phenyl, or styryl group in position 2 (further substitution in these 
groups is not necessarily excluded); (3) a phenyl group in position 
3, except when a styryl group occupies position 2, in which case a 
p-methoxyphenyl group may replace the phenyl group. 

It must be noted that the abnormal properties of the alkali 
salts of (VIII) and (XIV) indicate that many of these compounds 
may not differ fundamentally to so great an extent as a consideration 
of their colloidal properties alone would seem to show, and hence 
such substances of closely allied constitution cannot perhaps be 
expected to possess similar colloidal properties. 
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Preparation of the Benzo-y-pyrones, etc_—The benzo-y-pyrones 
were prepared from o-hydroxyphenyl benzyl ketones by fusion with 
a mixture of the anhydride and sodium salt of an aromatic acid. 
The necessary ketones were prepared by means of the Hoesch 
reaction with the exception of 2 : 5-dihydroxyphenyl benzyl ketone 
(XV) required for the synthesis of 6-hydroxy-2 : 3-diphenylbenzo. 
y-pyrone (VIII). This ketone, m. p. 109-5°, was obtained by the 


., HO H, (OMe) OH pk 
PER) OCR B ’ HO. CO-CH,Ph iAY,) 
0 


condensation of phenylacetyl chloride with quinol dimethyl ether 
and subsequent demethylation of the product. A compound 
described as having this structure was isolated by Finzi (Monatsh. 
1905, 26, 1135) from the product of interaction of quinol and phenyl- 
acetic acid in presence of zine chloride, and of quinol and phenyl. 
acetyl chloride in presence of aluminium chloride. We have 
repeated both these reactions many times and under various con- 
ditions, but the only isolable phenolic product has been unchanged 
quinol, m. p. 170°, Since Finzi’s product was stated to melt at 
170°, and its description and recorded properties (excepting the 
elementary analysis) agree exactly with those of quinol, we are of 
the opinion that it was actually quinol. 

In attempts to prepare benzo-y-pyrones with a benzyl group in 
position 2, 2 : 4-dihydroxyphenyl benzyl ketone and 2 : 4-dihydroxy- 
phenyl §-phenylethyl ketone were heated with phenylacetic 
anhydride and sodium phenylacetate. In the first case the product 
proved to be 7-hydroxy-3-phenyl-4-benzylcoumarin (XVI), and in the 
second case the analogous 7-hydroxry-3 : 4-dibenzyleoumarin. Both 
substances gave powerfully fluorescent solutions in all solvents, and 
even in the form of their methyl ethers were devoid of basic oxonium 
properties. The methyl ether of (XVI) readily dissolved to a yellow 
solution in alcoholic potassium hydroxide owing to rupture of the 
lactone ring. The formation of these coumarins is undoubtedly 
connected with the reactivity of the methylene group in phenyl- 
acetic acid. Acids with less reactive methylene groups, such 4s 
acetic or 8-phenylpropionic acid (Robinson and Shinoda, J., 1925, 
127, 1976), condense normally to give benzo-y-pyrones. 


- CN 
Mi 
xvi) 29 > ai Ci (XVIL.) 


h 
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The ketonic intermediates for the preparation of 8-hydroxybenzo- 
y-pyrones could not be produced, Magnesium benzyl cyanide would 
not react with 2 : 3-dimethoxybenzaldehyde nor with 2 : 3-dimethoxy- 
benzonitrile (XVII). This nitrile was prepared by dehydrating 
2: 3-dimethoxybenzaldoxime with acetic anhydride and sodium 
acetate. A further attempt to prepare an 8-hydroxy-derivative was 
made by treating «-phenylacetoacetic ester with guaiacol in presence 
of phosphoric anhydride with the intention of producing 8-methoxy- 
3-phenyl-2-methylbenzo-y-pyrone, the methyl group of which could 
subsequently be condensed with benzaldehyde (compare Heilbron, 
Barnes, and Morton, J., 1923, 123, 2559), but the reaction gave only a 
trace of a substance, C,,H,,0., m. p. 203°. This formula may be 
derived by the condensation of 2 mols. of «-phenylacetoacetic ester 
with loss of 2 mols. of aleohol and 1 mol. of carbon dioxide, but the 
substance could not be produced directly from the ester and phos- 
phoric anhydride, and its constitution remains undecided. 


EXPERIMENTAL. 

7-Hydroxy-3-phenyl-2-styrylbenzo-y-pyrone (I1).—7-Cinnamoyloxy- 
3-phenyl-2-styrylbenzo-y-pyrone (1 g.; Baker and Robinson, J., 
1925, 427, 1985), suspended in alcohol (10 c.c.), was heated for 5 
minutes with potassium hydroxide (0-5 g.) dissolved in‘a little water. 
The solution was diluted with water (10 c.c.), and the phenolic com- 
pound precipitated by saturation with carbon dioxide. It crystal- 
lises from alcohol, in which it is sparingly soluble, in very pale 
yellow needles, m. p. 298° (slight decomp.) (Found: C, 81-1; H, 
47. Cy3H,,0, requires C, 81-2; H, 4:7%), and dissolves in hot 
dilute sodium hydroxide to a bright yellow solution which sets to a 
gel on cooling, and slowly deposits very fine, hair-like growths. 
The solution in concentrated sulphuric acid is bright lemon-yellow 
with a greenish-blue fluorescence, but the colour fades considerably 
after several hours, 

5 : 1-Dihydroxy-2 : 3-diphenylbenzo-y-pyrone (IV).—Anhydrous 
2:4: 6-trihydroxyphenyl benzyl ketone (20 g.; Chapman and 
Stephen, J., 1923, 123, 404), benzoic anhydride (120 g.), and sodium 
benzoate (10 g.) were stirred and heated at 180—190° for 10 hours, 
The product was hydrolysed by heating with alcohol (200 c.c.) and a 
solution of potassium hydroxide (60 g.) in water (120 c.c.) for 4 hour, 
and after addition of water (400 c.c.) the phenolic compound was 
isolated as above. It was crystallised twice from glacial acetic 
acid, in which it is somewhat sparingly soluble, and separated in pale 
yellow, almost rectangular prisms, m. p. 252° (Found: C, 76-2; 
H, 4.4. C,,H,,0, requires C, 76-4; H, 42%). The substance 
dissolves in dilute sodium hydroxide only on being heated, and gives 
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a pale yellow solution, which sets to a clear, rigid gel on cooling. 
The solution in concentrated sulphuric acid is pale yellow, and ex. 
hibits a very weak bluish fluorescence. 

5-Hydroxy-7-methoxy-2 : 3-diphenylbenzo-y-pyrone (VII).—The 
substance (IV) was methylated below 50° in 5% aqueous potassium 
hydroxide with methyl sulphate. The solid product proved to 
be a mixture of the mono- and the di-methyl ether, from which the 
former was isolated by repeated crystallisation from glacial acetic 
acid, separating in thick, very pale yellow, oblong, rectangular 
plates, m. p. 193—194° (Found: C, 76-9; H, 5-0. C,.H,,0, 
requires C, 76-7; H, 4:7%). The pyrone develops an intense 
violet-red colour with ferric chloride in alcoholic solution. It is 
insoluble in cold or hot aqueous sodium hydroxide, but gives yellow 
solutions of the alkali salt in alcoholic or acetone solutions of sodium 
hydroxide. 

5 : 7-Dihydroxy-3-phenyl-2-styrylbenzo-y-pyrone (V).—This com- 
pound was prepared from 2 : 4 : 6-trihydroxyphenyl benzyl ketone 
(10 g.) by the action of cinnamic anhydride and sodium cinnamate in 
the manner described for the preparation of 5 : 7-dihydroxy-3-p- 
methoxyphenyl-2-styrylbenzo-y-pyrone (III) (Baker and Robinson, 
J., 1926, 2718). The intermediate product, 5-hydroxy-7-cinnamoyl- 
oxy-3-phenyl-2-styrylbenzo-y-pyrone, crystallised from glacial acetic 
acid (1 1.) in bright yellow, tiny, pointed needles, m. p. 232° (Found, 
in material heated to 200°: C, 79-0; H, 4-5. C,,H,.0, requires 
C, 79:0; H, 45%). The substance retains a small amount of acetic 
acid with great tenacity. The position of the cinnamoyloxy-group 
is inferred from the insolubility of the substance in aqueous sodium 
hydroxide and from the weak greenish-brown colour developed by 
the addition of ferric chloride to its alcoholic solution. This latter 
reaction is very weak owing to the sparing solubility of the substance 
in alcohol. 

5 : 7-Dihydroxy-3-phenyl-2-styrylbenzo-y-pyrone, after two re- 
crystallisations from glacial acetic acid, formed tiny, yellow, flat, 
rhombic prisms, m. p. 281° (slight decomp.) (Found, in material dried 
at 240° in a vacuum: C, 77-2; H, 4-7. C,,H,,0, requires C, 77-5; 
H, 45%). This substance also shows a great tendency to retain 
acetic acid. The orange-yellow solution in hot, dilute sodium 
hydroxide sets to a gel on cooling. The solution in concentrated 
sulphuric acid is bright yellow and exhibits a weak green fluorescence. 

2:4-Dihydroxyphenyl p-Methoxybenzyl Ketone.—p-Methoxy- 
phenylacetonitrile (23 g.; prepared from anisaldehyde in the manner 
described for the preparation of 3: 4 : 5-trimethoxyphenylaceto- 
nitrile, Baker and Robinson, this vol., 157) and resorcinol (25 g.) 
were dissolved in dry ether (100 c.c.), powdered zine chloride (2 g.) 
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was added, and the solution saturated with hydrogen chloride at 
0°. After hydrolysis of the ketimine by heating with water for 1 
hour, the ketone was extracted with chloroform, the solution washed 
and then shaken with dilute aqueous sodium hyroxide. The 
alkaline layer on acidification yielded the solid ketone, which 
crystallises from dilute alcohol or chloroform in prismatic needles, 
m. p. 159° (Found: C, 69-5; H, 5-5. C,;H,,0, requires C, 69-7; 
H, 5-4%), and dissolves in alkaline solutions with a pale yellow 
colour; its alcoholic solution develops a red colour with ferric 
chloride. 

7-Hydroxy-3-p-methoxyphenyl-2-styrylbenzo-y-pyrone (VI).—This 
was prepared from 2 : 4-dihydroxyphenyl p-methoxybenzyl ketone 
as in the case of the analogous compound (V). The intermediate 
7-cinnamoyloay-3-p-methoxyphenyl-2-styrylbenzo-y-pyrone crystallises 
from glacial acetic acid or ethyl acetate in tiny, pale yellow, pointed 
prisms, m. p. 221° (Found: C, 78:7; H, 5:2. C3,H,,0; requires C, 
792; H, 48%). The pyrone crystallises from a large volume of 
alcohol in tiny yellow needles, m. p. 304° (Found : C, 78-0; H, 5-1. 
C,,H,,0, requires C, 77-8; H, 48%). It does not dissolve in cold, 
aqueous alkaline solutions, but dissolves on heating to a yellow 
solution which sets to a gel on cooling. The bright yellow solution 
in concentrated sulphuric acid shows a green fluorescence in a 
source of ultra-violet light. 

7-H ydroxy-2-phenyl-3-p-methoxyphenylbenzo-y-pyrone (X).—2: 4- 
Dihydroxyphenyl p-methoxybenzyl ketone (5 g.), sodium benzoate 
(6 g.), and benzoic anhydride (60 g.) were stirred and heated at 
180—190° for 7 hours, then hydrolysed by 15 minutes’ heating with 
potassium hydroxide (35 g.) dissolved in alcohol (250 c.c.) and water 
(75 c.c.); the phenolic pyrone, precipitated by saturating the diluted 
solution with carbon dioxide, crystallised from alcohol in small, colour- 
less prisms, m. p. 264° (Found: C, 76-7; H, 4:8. C..H,,0, requires 
C, 76-7; H, 48%). It dissolves in aqueous alkalis to give yellow 
solutions which show no tendency to form gels. The pale yellow 
solution in concentrated sulphuric acid is devoid of fluorescence. 
The intermediate 7-benzoyloxy-derivative has m. p. 193°. 

5 : 7-Dihydroxy-2-phenyl-3-p-methoxyphenylbenzo-y-pyrone (XI).— 
This compound was prepared from 2:4: 6-trihydroxyphenyl p- 
methoxybenzyl ketone (Baker and Robinson, J., 1926, 2717) by the 
same method as compound (IV). It crystallises from alcohol in 
pale yellow needles, m. p. 230—231° (Found: C, 72-9; H, 4-7. 
Cy2H,,0,; requires C, 73-3; H, 45%). The properties of this sub- 
stance are similar to those of the corresponding resorcinol derivative 
(X). The acetyl derivative separates from methyl alcohol in colour- 
less, silky needles, m. p. 196—197°. 
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7-Hydroxy-3-phenyl-2-p-methoxyphenylbenzo-y-pyrone (XII).— 
2 : 4-Dihydroxyphenyl benzyl] ketone (2 g.), anisic anhydride (10 ¢.), 
and anhydrous sodium anisate (2 g.) were stirred and heated at 
180° for 6 hours. The product was hydrolysed in the usual way 
with aqueous-alcoholic potassium hydroxide, and the phenolic 
compound was isolated by means of carbon dioxide. It crystallises 
from alcohol in faintly yellow, prismatic needles, m. p. 288° (Found : 
C, 76-4; H, 4-9. C,,H,,0, requires C, 76-7; H, 4:7%), and in 
concentrated sulphuric acid gives a pale yellow solution which 
exhibits a weak blue fluorescence. It is soluble in hot dilute sodium 
hydroxide, and the pale yellow solution sets to a gel on cooling. 

7-Hydroxy-2 : 3-di-p-methoxyphenylbenzo-y-pyrone (XIII).—2 : 4- 
Dihydroxyphenyl p-methoxybenzyl ketone (2-5 g.) was heated with 
sodium anisate (3 g.) and anisic anhydride (17 g.) at 180° for 6 hours. 
The product was powdered and hydrolysed by heating with potass- 
ium hydroxide (8 g.) in water (30 c.c.) and alcohol (100 c.c.) for 10 
minutes, and the phenolic substance isolated in the usual way and 
crystallised from alcohol. The compound is dimorphous, and 
separates in small, blunt-ended prismatic needles or occasionally in 
compact bi-pyramids, both forms having m. p. 271—272° (Found: 
C, 738; H, 49. C,3H,,0, requires C, 73-8; H, 48%); it is 
slightly soluble in dilute, aqueous sodium hydroxide, and shows no 
sign of gel formation. The yellow solution in concentrated sulphuric 
acid is without fluorescence. No coloration is developed by the 
addition of ferric chloride to its alcoholic solution. 

7-Hydroxy-3-phenyl-2-(3 : 4-dimethoxyphenyl)benzo-y-pyrone (XIV). 
—To obtain satisfactory yields of this compound the conditions must 
be carefully controlled. A mixture of 2 : 4-dihydroxyphenyl benzy! 
ketone (40 g.) and veratric anhydride (136 g.; Allan and Robinson, 
J., 1926, 2334, method A) was stirred and heated at 190° for 3 hours. 
Then, during 12 hours, powdered sodium veratrate (40 g.) was slowly 
introduced, the temperature being finally taken to 200°. The resin- 
like product was powdered under water, shaken with much dilute 
sodium carbonate solution, filtered, and washed. The damp powder 
was heated with alcohol (300 ¢.c.) and a solution of potassium 
hydroxide (40 g.) in water (40 c.c.) for } hour, water (300 c.c.) was 
then added, and the phenolic product precipitated by saturation with 
carbon dioxide (yield, 23 g.). The substance crystallises from methy! 
alcohol in colourless, prismatic needles, m. p. 240° (Found : C, 73:8; 
H, 5-1. C,,;H,,0; requires C, 73-8; H, 4-8%); the properties of its 
alkali salts are remarkable. When the crystals are covered with 
8% sodium hydroxide, they appear to melt to a yellow oil, which 
dissolves on the addition of a considerable volume of water or on 
heating the liquid. In the latter case the yellow, oily salt separates 
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on cooling. When it is heated with 50% sodium hydroxide, an 
insoluble yellow oil is produced which sets hard on cooling, and 
although this is insoluble in the concentrated alkali, it dissolves in a 
large volume of water to a yellow solution, and is therefore the alkali 
salt. The basic (oxonium) properties of this compound and its 
methyl ether (below) are marked: both dissolve to bright yellow 
solutions in concentrated hydrochloric acid which are decolorised 
and precipitated on dilution. The basicity of the substituted benzo- 
y-pyrones increases with introduction of methoxyl groups. Thus 
7-hydroxy-2 : 3-diphenylbenzo-y-pyrone (I) is insoluble in con- 
centrated hydrochloric acid even on heating, whilst 7-hydroxy-3- 
phenyl-2-p-methoxyphenylbenzo-y-pyrone (XII) scarcely dissolves 
giving only very pale yellow solutions. 

7-Methoxy-3-phenyl-2-(3 : 4-dimethoxyphenyl)benzo-y-pyrone.—The 
methylation of (XIV) with methyl sulphate gave poor yields in 
aqueous or alcoholic solutions, but good yields were obtained with 
acetone as solvent. The compound (XIV) (23 g.) and acetone 
(200 c.c.) were vigorously shaken, and methyl sulphate (100 c.c.) and 
excess of 50% aqueous potassium hydroxide slowly added alternately 
and in small portions. After 4 hour’s heating on the steam-bath, 
water was added, and the methyl ether collected and washed (yield 
23-5 g.). It crystallises from methyl alcohol in colourless, thick, 
flat prisms, m. p. 181° (Found: C, 74:2; H, 5-6. C,,H,.0; requires 
C, 743; H, 52%). 

2:5-Dihydroxyphenyl Benzyl Ketone (XV).—2 : 5-Dimethoxy- 
phenyl benzyl ketone (Kauffmann, Annalen, 1905, 344, 65) was 
demethylated by heating on the water-bath for 2 hours with a mixture 
of equal volumes of hydriodic acid (d 1-7) and glacial acetic acid. 
Addition of water caused the separation of a solid which crystallised 
from carbon tetrachloride in pale lemon-yellow, rhombic prisms, 
m. p. 109-5° (Found: C, 73:8; H, 5:4. C,,H,,.0, requires C, 73-7 ; 
H, 53%). 2: 5-Dihydroxyphenyl benzyl ketone is readily soluble in 
alcohol, and the sclution develops a green colour on the addition of 
ferric chloride. Its solutions in alkali are bright yellow, and when 
treated with methyl sulphate, they regenerate the dimethyi ether, 
m. p. 48°. 

6-Hydroxy-2 : 3-diphenylbenzo-y-pyrone (VIII).—The ketone (XV) 
(2 g.) was fused with benzoic anhydride (20 g.) and anhydrous 
sodium benzoate (2 g.) at 180—190° for 8 hours. The product was 
hydrolysed by heating with alcohol (25 c.c.) and a solution of potass- 
ium hydroxide (20 g.) in water (25 c.c.) for 15 minutes, after which 
water (50 c.c.) was added and the phenolic product precipitated by 
saturation with carbon dioxide. It crystallised from methyl alcohol 
in colourless, prismatic needles, m. p. 258—260° (slight decomp.) 
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(Found: C, 80-3; H, 4-5. C,,H,,0, requires C, 80-2; H, 45%), 
6-Hydroxy-2 : 3-diphenylbenzo-y-pyrone gives no _ characteristic 
colour on the addition of ferric chloride to its alcoholic solution. 
The pale yellow solution in concentrated sulphuric acid exhibits a 
weak greenish-blue fluorescence in ultra-violet light. It is almost 
insoluble in cold aqueous sodium hydroxide solution, but dissolves 
on warming, and on cooling, the sodium salt separates in glistening 
bright yellow laminz. This salt dissolves on the addition of a large 
volume of water. 

7-Hydroxy-3-phenyl-4-benzylecoumarin (X VI).—Phenylacetic 
anhydride (20 g.; prepared by boiling the acid with 24 times its 
weight of acetic anhydride for 8 hours and removing the acetic acid 
and excess of acetic anhydride under diminished pressure) was mixed 
with 2 : 4-dihydroxyphenyl benzyl ketone (4 g.) and sodium pheny!- 
acetate (5 g.) and heated at 180° for 8 hours. After hydrolysis, the 
coumarin was isolated in the usual manner, and crystallised from 
alcohol in colourless, compact, bi-pyramids, m. p. 232° (Found: 
C, 80-4; H, 5:3. C,.H,,0, requires C, 80-7; H, 53%). It dis. 
solves in concentrated sulphuric acid and in dilute, aqueous sodium 
hydroxide to almost colourless solutions, which exhibit marked blue 
fluorescence. The solution in alcoholic potassium hydroxide is pale 
yellow with a strong greenish-blue fluorescence. The methyl ether, 
prepared by the action of methyl sulphate and potassium hydroxide 
in acetone solution, crystallised from alcohol in colourless, thick 
prisms, m. p. 188—184° (Found: OC, 80-4; H, 5-3. C,,H,,0, 
requires C, 80-7; H, 5-39); it dissolves readily in alcoholic potass- 
ium hydroxide to a yellow solution, and is thus sharply distinguished 
from a benzo-y-pyrone. Further, it exhibits no basic properties 
towards concentrated hydrochloric acid as do the methylated benzo- 
y-pyrones. 

Attempts were made to synthesise (XVI), (i) by the condensation 
of «y-diphenylacetoacetic ester (Volhard, Annalen, 1897, 296, 16) 
with a very large excess of resorcinol in the presence of concentrated 
sulphuric acid, but the reaction gave only 1 : 3-dihydroxy-2-phenyl- 
naphthalene (idem, ibid.; compare Jacobson and Ghosh, J., 1915, 
107, 966), and (ii) by heating a mixture of 2 : 4-dihydroxyphenyl 
benzyl ketone, sodium phenylacetate, and acetic anhydride (compare 
Dey and Row, J. Indian Chem. Soc., 1924, 1, 121; Bargellini, 
Gazzetta, 1927, 57, 459; Baker, this vol., p. 1599). It was found, 
however, that the sodium phenylacetate did not take part in the 
reaction, and that the only product was 7-acetoxy-3-phenyl-2- 
methylbenzo-y-pyrone, m. p. 162° (Baker and Robinson, J., 1925, 
127, 1984). 

7-Hydroxy-3 : 4-dibenzylcoumarin—A mixture of benzylres- 
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acetophenone (4 g.; Baker, J., 1925, 127, 2355), phenylacetic 
anhydride (20 g.), and sodium phenylacetate (4 g.) was heated at 
160° for 8 hours. The product was isolated in the usual way and 
separated from methyl alcohol in colourless, thick prisms, m. p. 
220° (Found: C, 80-5; H, 53. C,,H,,0, requires C, 80-7; H, 
53%) ; it is probably dimorphous, since the mother. liquors deposited 
a small quantity of long needles, m. p. 210°, and a mixture of the two 
products melted at 217°. 7-Hydroxy-3 : 4-dibenzylcoumarin dis- 
solves in concentrated sulphuric acid to an almost colourless solution 
with a strong blue fluorescence. The alkaline solutions exhibit a 
faint blue fluorescence, whilst the solution in alcoholic potassium 
hydroxide is light yellow with a marked greenish-blue fluorescence. 
The methyl ether, prepared as in the preceding case, crystallises from 
alcohol in silky, prismatic needles, m. p. 144° (Found: C, 80-9; 
H, 5:7. CygHo90, requires C, 80-9; H, 5-7%); it neither reacts with 
warm alcoholic potassium hydroxide, nor shows basic properties. 
The hydroxycoumarin could not be synthesised by boiling a mixture 
of 2 : 4-dihydroxyphenyl benzyl ketone, sodium $-phenylpropionate, 
and acetic anhydride. 

2 : 3-Dimethoxybenzonitrile (X VII).—2 : 3-Dimethoxybenzald- 
oxime (10 g.; Noelting, Ann. Chim. Phys., 1910, 19, 502) was 
boiled for 3 hours with acetic anhydride (40 c.c.) and anhydrous 
sodium acetate (10 g.). Water was then added, and after being 
shaken and cooled in ice, the oily product solidified. The nitrile 
crystallises from light petroleum (b. p. 40—60°) in colourless, flat, 
highly refracting prisms, m. p. 47° (Found: N, 8-4. C,H,O,N 
requires N, 8-6%); it would not condense with magnesium benzyl 
chloride. 

Condensation of Guaiacol with «-Phenylacetoacetic Ester.—A stirred 
mixture of guaiacol (12 g.), «-phenylacetoacetic ester (10 g.; Beckh, 
Ber., 1898, 34, 3160), and xylene (10 c.c.) was heated to 120°, and 
phosphoric anhydride (40 g.) slowly introduced. Heating was con- 
tinued for 2 hours and the temperature was finally raised to 140°. 
The product was distilled in steam and the dark oil dissolved in a 
warm mixture of benzene and ethyl acetate. The solution was 
shaken with excess of aqueous sodium hydroxide, dried, boiled with 
charcoal, and filtered, yielding a small amount of a semi-solid 
material. After being pressed on porous earthenware, the sub- 
stance was twice crystallised from methyl alcohol and obtained in 
colourless, rectangular plates (0-3 g.), m. p. 203° (Found : C, 82-7; 
H, 58. CygH,,0, requires C, 82-6; H, 5-8%). 


THe Dyson PEerrins LABORATORY, 
OxForD. [ Received, October 21st, 1929.]} 
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CCCXCITII.—Compounds of the Thioparaldehyde Type 
Derived from Chloral. 


By Freperick Dante, CHaTTaway and EDWIN GEOFFREY 
KELLETT. 


CHtoraL forms two isomeric polymerides of the paraldehyde 
type (J., 1928, 2709). Two isomeric forms of trichloralimide, 
(CCl,-CH-NH),, in which the three oxygen atoms of the parachloral 
ring are replaced by imino-groups, are also known (Béhal and 
Choay, Ann. Chim. Phys., 1892, 26, 7, 34). 

None of the corresponding thio-compounds, in which one or more 
of these oxygen atoms is replaced by sulphur, have hitherto been 
described. 

A number of such thio-compounds are formed by the action of 
concentrated sulphuric acid on chloral sulphydrate, a solid addition 
product of two molecules of chloral with one molecule of hydrogen 
sulphide having the constitution CCl,-CH(OH)-S-CH(OH)-CCI, 
(Hagemann, Ber., 1872, 5, 151; Wyss, Ber., 1874, 7, 80). Concen- 
trated sulphuric acid apparently breaks down chloral sulphydrate in 
two ways, producing either chloral and hydrogen sulphide, or one 
molecule each of chloral, thiochloral, and water : 
as 2CCl,-CHO + H,S 
CCl,-CH(OH)-S-CH(OH)-CCl, NY 

CCl,-CHO + CCl,-CHS +- H,0 
The thiochloral has not been isolated as such. To some extent it 
polymerises into trithioparachloral [2 : 4 : 6-tristrichloromethyl-1 : 3 : 5- 
trithian] (I); the remainder condenses with the free chloral present, 
in the ratio of two molecules of thiochloral to one molecule of 
chloral, forming dithioparachloral (2:4: 6-tristrichloromethy/- 
cyclo-l : 3 : 5-oxadithia-2 : 4 : 6-trimethylene} (Il). Even in the 
presence of a. large factitious excess of free chloral, no monothio- 
parachloral is formed, the larger excess of chloral merely repressing 
the formation of trithioparachloral. Relative to this preferential 
formation of the dithioparaldehyde ring, it may be noted that 
thialdine (III) is readily formed by the action of excess of dry 
ammonia on trithioacetaldehyde, without any indication of a second 
sulphur atom being removed (Marckwald, Ber., 1886, 19, 1831). 
S-CH-CCl, SCH-CCl, AS-CH-CH, 
CCly-CH _ CCl,-CH >0O CH, CH >NH 
S-CH-CCl, \8-CH-CCl, ‘S-CH-CH, 
(I.) (II.) (III.) 
The ring strueture of dithioparachloral appears to be of a type not 
previously prepared, since the “ crystalline dithiotrioxymethylene,” 
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20,H,S,0;H,0, reported by Rénard (Ann. Chim. Phys., 1879, 17, 
307) can seareely be accepted as a pure compound. 

Although trithioparachloral may. theoretically exist, in two 
stereoisomeric forms, cis- and trans-, only a single form has been 
obtained. Similarly, dithioparachloral should exist in four stereo- 
isomeric modifications, viz. (the oxygen atom being numbered as 1), 

H 


eT: Poe 


4-trans 


cis. - 4 
OC, OCl, 


ee diaX 


2-trans. - ’ 
Of these possible modifications, both the cis- and the 4-trans- are 
symmetric, whilst the 2-trans- and the 6-trans- are asymmetric and, 
indeed, mirror-images of each other. A maximum number of three 
modifications separable by fractional crystallisation is therefore to 
be expected. Actually only two isomerides have been obtained. 

Thus in the cases both of trithioparachloral and of dithiopara- 
chloral there is one isomeride missing, and the same omission 
persists in their derivatives (see below). 

It has been pointed out by Bennett and Hock (J., 1925, 427, 
2671) that chlorine atoms and bivalent sulphur atoms, when 
attached to adjacent carbon atoms, mutually affect one another’s 
reactivity: the negative activity of the chlorine is accentuated, 
whilst the sulphur is rendered correspondingly inert, and ‘very 
reluctant to assume a higher valency by oxidation or by addition 
of halogens or of alkyl halides. Owing to the presence of large 
groups of chlorine ‘atoms, this effect is very strongly marked in the 
thioparachlorals. In trithioparachloral, the chlorine in each of the 
trichloromethyl groups is so reactive that, even in an alcoholic 
solution of potassium acetate, in which only very feebly alkaline 
conditions obtain, three molecules of hydrogen chloride are readily 
split off, giving 2+ 4: 6-trisdichloromethylene-1 : 3 : 5-trithian, 

C:CCl 
OCK Ds * (IV). In the dithioparachlorals, only’ the  tri- 





chloromethyl group in the 4-position loses hydrogen chloride thus 
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in the presence of alcoholic potassium acetate, the chlorine in this 
group (which is unique in that it is situated between two suiphur 
atoms) being more highly activated than the chlorine in the corre. 
sponding groups occupying the 2- and 6-positions. Each isomeride 
of dithioparachloral yields a corresponding form of 2 : 6-bistri. 
chloromethyl - 4 -dichloromethylenecyclo-1 : 3 : 5-oxadithia-2 : 4 : 6-tri- 
methylene (V). Since both cis- and 4-trans-dithioparachloral would 
give the same form of this compound, viz., the cis-form, in which both 
of the trichloromethy] groups remaining intact are on the same side 


H 
L 
wigs L ae 

bf bs hi 

H H H 


cis- (V.) 4-trans-. 


sN y 
1 H Cl, va 
oN 











O 


of the plane of the ring, it follows that one of the two dithiopara- 
chlorals now under consideration must be the racemic modification, 
consisting of 2-trans- and 6-trans-. 

All three trichloromethyl groups in the dithioparachlorals are 
sufficiently activated to lose chlorine (as hydrogen chloride) even in 
the mildly alkaline conditions of a cold alcoholic suspension of 
potassium cyanide, giving 2 : 4 : 6-trisdichloromethylenecyclo-1 : 3 : 5- 

-C:CCl, 
oxadithia-2 : 4 : 6-trimethylene, CCl,: oC COC, (VI). The possi- 


bility of stereoisomerism being thus poe eral both isomeric 
dithioparachlorals give the same product, which is also obtained by 
the action of stronger alkalis. 

The inertness of the sulphur atoms in the thioparachlorals is 
similarly striking. They do not form additive compounds with 
halogens, nor do they give the addition compounds with mercuric 
chloride which characterise many organic sulphur compounds in 
which the sulphur is bivalent. 

Trithioparachloral, on treatment with dry ammonia gas in dry 
alcohol, does not form a thialdine, but merely loses hydrogen 
chloride, yielding trisdichloromethylenetrithian (IV). 

Neither trithioparachloral nor either of the dithioparachlorals is 
oxidised by 30% hydrogen peroxide under the conditions which 
Bell and Bennett (this vol., p. 17) found brought about the oxidation 
of other cyclic sulphur compounds, e.g., trimethylene trisulphide 
{1:3:5-trithian]. Potassium permanganate in cold acetone oxidises 
them, but only with complete disruption of the molecule, accom- 
panied by evolution of heat. 
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In such oxidations by potassium permanganate, if any one of the 
thioparachlorals is present in excess, it undergoes a secondary 
reaction with the hydrated manganese dioxide which is formed. 
This, acting as an extremely weak base, has the same effect as 
potassium acetate and brings about the removal of hydrogen chloride. 
This secondary reaction can be reproduced by refluxing any one of 
the thioparachlorals with freshly precipitated hydrated manganese 
dioxide suspended in alcohol. 

The unsaturated compounds described above, viz., trisdichloro- 
methylenetrithian, 2 : 4 : 6-trisdichloromethylenecyclo-1 : 3 : 5-oxa- 
dithia-2 : 4 : 6-trimethylene, and the two isomeric forms of 2 : 6-bis- 
trichloromethyl-4-dichloromethylenecyclo-1 : 3 : 5-oxadithia-2 : 4 : 6- 
trimethylene, do not combine directly with bromine, but readily 
add on chlorine. 

2:4: 6-Trisdichloromethylenecyclo-1 : 3 : 5-oxadithia-2 : 4 : 6-tri- 
methylene, by addition of six atoms of chlorine, gives 2 : 4: 6-tri- 
chloro-2 : 4 : 6-tristrichloromethylcyclo-1 : 3 : 5-oxadithia-2 : 4: 6-tri- 

ACClI-CCl, 
methylene, CCl, Cl \S-CCIOO, (VII). In the saturated product 


(VII), as in the case of eutoidaalanion itself, three stereoisomeric 

modifications are theoretically possible, but very careful fraction- 
ation has failed to furnish more than two. 

Similarly, the addition of six atoms of chlorine to trisdichloro- 

methylenetrithian yields 2:4: 6-trichloro-2 : 4 : 6-tristrichloro- 
ACCI-CCl, 

methyl-1 : 3: 5-trithian, CCl,’ ee (VIII), and in this 
1-CCl, 


case only a single pure compound has been obtained, instead of a 
mixture of the two theoretically possible isomerides. 
Both isomerides of (V) add on two atoms of chlorine, giving 
4-chloro-2 : 4 : 6-tristrichloromethylcyclo-1 : 3 : 5-oxadithia-2 : 4: 6- 
A:CH-CCl, 
trimethylene, CCl, Cl wie ; * (IX). 
3 
Of the two seid of the former compound (V), the cis-form 
should give a mixture of cis- and trans-isomerides by addition of 
two atoms of chlorine, 


C:CCl, qi ty 
vie ‘AR HH vhan H ag 
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whereas the trans-form should give a racemic mixture, erystallising 


as @ single compound ;— 
Identical. 





7 


le a =: ane Zs eo | 
A xy 


H. CCl, 
no 


po pee pe oe | 


-soSuur [T 40731 Ww 











Actually, part a single pure compound has been obtained from 
each isomeride. 

The two isomerides of 4-chloro-2.: 4 : 6-tristrichloromethylcyclo- 
1: 3: 5-oxadithia-2 : 4 : 6-trimethylene, however, show a singular 
difference in reactivity of the single chlorine atom attached to carbon 
in a position «- to two sulphur atoms. When one isomeride is boiled 


with alcohol, this chlorine atom is replaced by an ethoxyl group, 
giving,  4-ethoxy-2: 4 : 6-tristrichloromethyleyclo-1 : 3 : 5-oxadithia- 


OE -CH-CCl, 

2:4: 6-trimethylene, eK 0 (X); and similarly, by 
CCl, *CH-CCl, 

the action of cold sodium ethoxide in alcohol, it gives (by replace- 

ment of chlorine by ethoxyl in the 4-position and loss of hydrogen 

chloride from the 2- and 6-positions) 4-ethoxry-4-trichloromethyl- 

2; aie <7 aegpietaa : 3: 5-ovadithia-2 : 4 : 6-trimethylene, 


OE 
2 (XI). 


= the other nea the chlorine is not thus reactive. The 

compound can be boiled, with alcohol without change, and on 

treatment with cold sodium ethoxide loss of hydrogen chloride only 

occurs, giving 4-chloro-4-trichloromethyl-2 : 6-bisdichloromethylene- 
*C:CC 

cyclo-1 : 3 : 5-oxadithia-2 : 4 : 6-trimethylene, coy CCl 0 (XII). 

\S-C:CCl, 


EXPERIMENTAL. 
Preparation of Chloral Sulphydrate-—A rapid stream of hydrogen 
sulphide was passed into a solution of 200 g. of chloral hydrate in 
90 c.c. of water for 8 hours, separation of the sulphydrate in colourless 





‘soZeuly 10131 Ww 
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leaflets beginning after about 2:hours. The solid product was washed 
with 250 cic. of dilute hydrochloric acid and dried for 12 hours at 80° 
(yield, 100 g.); at a higher temperature some decomposition occurs. 

The sulphydrate thus prepared is pure enough for use, since 
repeated crystallisation from chloroform does not appreciably raise 
its melting point. When pure and dry, it melts at 138—139°, not 
at 128° as recorded in the literature; and the diacetyl derivative, 
CCl,,CHAc-S-CHAc‘CCl,, obtained from it by the action of acetic 
anhydride, melts at 84°, not at 78° as recorded. 

Thorough drying is necessary, since in the absence of moisture 
the undesirable side reaction 


CCl,-CH(OH)-S-CH(OH)-CCl, —> 2CCl,-CHO + H,S 
is repressed to a minimum, though not entirely inhibited. 


Preparation and Separation of Trithioparachloral and «- and 
8-Dithioparachloral.*—-200 G. of chloral sulphydrate were added to 


3 a litre of concentrated sulphuric acid and kept for 24 hours at the 


ordinary temperature. (A large excess of sulphuric acid:is desirable, 
in order to keep the chloral produced in the reaction in solution ; 
this prevents to a considerable extent the formation of metachloral, 
which is only formed rapidly when a layer of chloral floats undis- 
solved on the surface of the sulphuric acid.) Sulphur dioxide and 
free sulphur, resulting from the side reaction producing’ hydrogen 
sulphide, were liberated, the powdery sulphydrate disappeared, and 
a compaet colourless solid was formed; This was séparated, stirred 
with crushed i¢e, well washed with cold water, and crystallised twice 
from boiling alcohol (about 1 litre); the solution was yellow owing 
to the presence of'free'sulphur. The bulk of the «-dithioparachloral 
was thus extracted, since, although this is the less soluble, it is 
present in smaller amount than the §-modification. 

The mother-liquors:from these two crystallisations were evapor- 
ated, leaving a solid! residue rich in «-dithioparachloral. This was 
recrystallised to constant melting point from high-boiling petroleum 
(yield, 1112 g)). 

The product obtained from the two alcohol recrystallisations of the 
original material was crystallised from alcohol about ten times, until 
pure trithioparachloral of constant m. p. separated (yield, 2—3 g.). 

The mother-liquors from these crystallisations were evaporated, 
and the solid residue was extracted several times by boiling for a 
few seconds with a quantity of alcohol insufficient quite to dissolve 
it all, until the product crystallising from the extract had a constant 
m. py Yield-of §-dithioparachloral, 23—24 g. 

* Asin the case of parachloral, etc. (loc. cit.), the prefixes a- and B- are used 
to indicate respectively the less and the more'soluble of a pair of isomerides. 
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Trithioparachloral (I) crystallises from alcohol, in which it is only 
sparingly soluble, in colourless prisms, m. p. 181° (Found : C, 14-9. 
H, 0-95; Cl, 64-9; S, 19-7; M, eryoscopic in benzene, 466, 
C,H,C1,S, requires C, 14-7; H, 0-61; Cl, 65-1; 8, 19-6%; M, 490). 

a-Dithioparachloral (II) is moderately easily soluble in alcohol 
(about 2-8 g. dissolve in 100 ¢c.c. of alcohol at 18°), but much less so 
in petroleum, from which it crystallises in plume-like clusters of 
slender colourless needles, m. p. 236° (Found: Cl, 67-1; 8, 13-8; 
M, cryoscopic in benzene, 458. C,H,OCI1,S, requires C, 15-2; 
H, 0-65; Cl, 67-3; 8S, 13-7%; M, 474). 

8-Dithioparachloral crystallises from alcohol (about 5-2 g. dissolve 
in 100 c.c. at 18°) in colourless slender prisms, m. p. 108°. It is 
readily soluble in petroleum (Found: C, 14-8; H, 0-9; Cl, 67-8: 
S, 140%; M, eryoscopic in benzene, 464). 

All these compounds are very easily soluble in carbon disulphide 
or in acetone in the cold, and fairly readily soluble in most organic 
solvents, although not in water. The same applies to the derivatives 
described below. 

The mixed product of the action, of sulphuric acid on chloral 
sulphydrate, purified from free sulphur but not further separated, 
yielded on dry distillation a mixture of chloral, b. p. 98°, and tri- 
chloroethylene, b. p. 88°, leaving a residue of free sulphur. Sulphur 
and trichloroethylene thus appear as the decomposition products 
of thiochloral on distillation. This agrees with the result of Paterné 
and Oglialoro (Ber., 1874, 7, 81), who found that anhydrous chloral 
on heating with phosphorus pentasulphide yielded sulphur and 
trichloroethylene. 

2:4: 6-Trisdichloromethylene-1 : 3 : 5-trithian (IV).—An equiva- 
lent amount (3 mols.) of alcoholic sodium ethoxide was added to 
trithioparachloral dissolved in cold alcohol. Scdium chloride 
separated and the reaction was complete in a few minutes; water 
was then added. The trithian, which separated as a colourless solid, 
crystallised from alcohol, in which it was sparingly soluble, in plume- 
like clusters of slender needles, m. p. {26° (Found : Cl, 56-2; S, 25-1. 
C,CI,8, requires Cl, 56-0; 8, 25-3%). 

In this reaction, as in those described below which involve abstrac- 
tion of hydrogen chloride, the yield was practically quantitative. 

2 : 4: 6-Trisdichloromethylenecyclo -1 : 3 : 5-dxadithia-2 : 4 : 6-tri- 
methylene (V1) was prepared, by a method similar to that described 
for (IV), from either «- or $-dithioparachloral. It crystallised from 
alcohol, in which it was sparingly soluble, in plumes of feathery 
colourless needles, m. p. 89° (Found: Cl, 58-2; S, 17-1. C,OCI,S, 
requires Cl, 58-3; S, 17-1%). 

2 : 6-Bistrichloromethyl-4-dichloromethylenecyclo-1 : 3 : 5-oxadithia- 
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2:4: 6-trimethylene (V)—«-Form. 10 G. of «-dithioparachloral 
were dissolved in 200 c.c. of hot alcohol, and 5 g. of powdered 
anhydrous potassium acetate added. (The reaction proceeds at the 
ordinary temperature, but is then slow.) The solution was boiled 
gently for an hour, filtered hot, and allowed to crystallise. «-2 : 6- 
Bistrichloromethyl - 4 - dichloromethylenecyclo - 1 : 3: 5 - owadithia - 
2:4: 6-trimethylene separated practically pure in slender colourless 
prisms, m. p. 97° (Found: Cl, 64-7; S, 14-6. C,H,OCI,S, requires 
Cl, 64:8; 8S, 147%). 

The isomeric 8-modification, prepared by dissolving 10 g. of 8-di- 
thioparachloral in 150 c.c. of boiling alcohol and proceeding as above, 
crystallised from alcohol, in which it was somewhat sparingly soluble, 
in stout colourless prisms, m. p. 92° (Found: Cl, 64:5; S, 14:8%). 

2:4:6-Trichloro - 2: 4 : 6 - tristrichloromethyl - 1 : 3 : 5 - trithian 
(VIII).—4 G. of trisdichloromethylenetrithian were suspended in 
25 c.c. of cold glacial acetic acid and chlorine was bubbled through 
for 15 minutes; the solid had then gone completely into solution. 
The liquid was kept for 2 hours, and water was very slowly added. 
The trithian (VIII), which separated as a colourless solid, after being 
well washed with water, crystallised from alcohol in slender prisms, 
m. p. 175° (decomp.) (Found: Cl, 71-8. C,Cl,S; requires Cl, 
718%). 

The yield in this reaction, and in the other reactions described 
below which involve addition of chlorine, was about 70% of the 
theoretical. The addition compounds as a class are very readily 
soluble in all organic solvents except alcohol, in which they are 
moderately easily soluble. 

2:4: 6-Trichloro-2 : 4: 6 - tristrichloromethyleyclo - 1 : 3 : 5- oxa - 
dithia-2 : 4 : 6-trimethylene (VII) was similarly prepared from (VI). 
A mixture of two isomerides was obtained, which were separated by 
fractional crystallisation from alcohol, the «-modification forming 
long colourless prisms, m. p. 175° (decomp.) (Found: Cl, 73-5; 
8, 11-0. C,OC1,,8, requires Cl, 73-7; S, 11-:1%), and the 6-modi- 
fication colourless needles, m. p. 157° (decomp.) (Found : Cl, 73-7; 
8, 11-0%). 

Forty crystallisations in all were performed during this separation 
on a quantity of 30 g., but no trace of a third isomeride was found. 

The 2:4: 6-trichloro-compounds, on boiling with zine dust in 
acetic acid, easily split off six atoms of chlorine and revert to the 
unsaturated compounds from which they are formed. 

4-Chloro-2 : 4: 6-tristrichloromethylcyclo-1 : 3 : 5-oxadithia-2 : 4 : 6- 
trimethylene.—a-Form (IX). 8 G. of a-2: 6-bistrichloromethyl- 
4-dichloromethylenecyclo - 1 : 3 : 5-oxadithia-2 : 4 : 6-trimethylene, 
suspended in 15 c.c. of acetic acid, dissolved when chlorine was passed 
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in for 15 minutes; but after 2 hours the mixture set almost solid 
again owing to the separation of the addition product. This was 
filtered off, and the mother-liquor precipitated in order that a second 
isomeride, if present, might not be overlooked. ‘The product, 
however, crystallised from chloroform as a single pure compound 
in colourless small prisms, m. p. 136° (Found : Cl, 69-7. CgH,OC1,,8, 
requires Cl, 697%). 

The isomeric B-modification, similarly prepared from 8-2 : 6-bis. 
trichloromethy1-4-dichloromethylenecyclo-1 : 3 : 5-oxadithia-2 : 4 : 6. 
trimethylene, crystallised from alcohol in colourless quadrilateral 
plates, apparently square, m. p. 98—99° (Found: Cl, 69-7%). 

4-Ethoxy-2 : 4 : 6-tristrichloromethylcyclo-1 : 3 : 5-oxadithia-2 : 4 : 6. 
trimethylene (X).—If it is attempted to crystallise «-4-chloro- 
2:4: 6 - tristrichloromethyleyelo - 1 : 3 : 5- oxadithia- 2 : 4 : 6 - tri- 
methylene from alcohol in the ordinary way, replacement of chlorine 
by ethoxy] occurs, and the e#hory-compound crystallises in colourless 
rhombic plates, m. p. 137° (Found: C, 186; H, 1:35; Cl, 61-7. 
C,H,0,€1,8, requires C, 19-1; H,; 1-3; Cl, 61-6%). 

4-Ethoxy-4-trichloromethyl-2 : 6- bisdichloromethylenecyclo-1 : 3 : 5- 
oxadithia-2 : 4 : 6-trimethylene (X1)—A solution of 1 g. of «-4-chloro- 
2:4: 6- tristrichloromethylcyclo - 1 : 3: 5 - oxadithia- 2:4: 6 - tri- 
methylene in 20 c.c. of cold alcohol was treated with alcoholic 
sodium ethoxide until it was permanently alkaline. The product, 
precipitated by addition of water, after being washed, crystallised 
from alcohol, in which it was moderately easily soluble, in large 
colourless prisms, m. p. 94° (Found : Cl, 56-0; 8, 14-5. C,H,0,CI,8, 
requires Cl, 55-8; S, 14-4%). 

4-Ohloro-4-trichloromethyl-2 : 6 - bisdichloromethylenecyclo-1 : 3: 5- 
owatlithia-2 : 4 : 6-trimethylene (XII) was obtained from §-4-chloro- 
2:4: 6- tristrichloromethyloyelo - 1: 3 : 5 - oxadithia - 2 : 4 : 6 - tri- 
methylene by a procedure exactly similar to that described in the 
preceding preparation. It crystallised from alcohol, in which it was 
moderately easily soluble, in small colourless rhombohedra, m. p. 88° 
(Found : C, 165; H, negligible ; Cl, 65-4; S,14-0. C,OCI,S,requires 
C, 16-5; H, 0; Cl, 65-1; S, 140%). 

The estimations of sulphur and of chlorine recorded in this 
research were ¢arried out in a Parr ignition bomb, in which the 
compound for analysis is ignited for 50 seconds with sodium peroxide 
and potassium nitrate. A complete analysis can be carried out in 
this way in 2 hours. Estimations of chlorine made thus are fully 
as accurate as those obtained by the Carius method, and sulphur 
estimations definitely more trustworthy. 


THe QuEEN’s CoLtEGE LABORATORY, 
OxrForp. [ Received, November 1st, 1929.] 
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CCCXCIV.—Halogenation of Anisole Derivatives. 
By Herspert Henry Hopeson and ARNOLD KERSHAW. 


WueEn 3-chloro-2-nitroanisole is reduced with tin and hydrochloric 
acid, 3: 5-dichloro-2-aminoanisole is obtained instead of the 
anticipated 3-chloro-2-aminoanisole, a result which, together with 
other cases subsequently cited, may be interpreted on current 
electronic theories (see especially Allan, Oxford, Robinson, and 
Smith, J., 1926, 401, and numerous papers by Robinson and by 
Ingold) as follows : The first stage of the reduction is probably the 
formation of 3 : N-dichloro-2-aminoanisole (I), in which, owing to 
the powerful electron-source effect of the methoxyl group, the 
\-chlorine is very labile, and is liberated as the free element in acid 
solution (compare Jones and Orton, J., 1909, 95, 1056); this attacks 
the 5-position (II) owing to (i) the greater directive (alternating) 
influence of the amino- as compared with the methoxyl! group, (ii) 
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the activation of carbon in the 5-position by a powerful inductive 
(suppressed alternating) effect of the methoxyl group (compare 
Hodgson and Jenkinson, this vol., p. 1640, who find exclusive 
substitution para to the hydroxyl group for the Reimer—Tiemann 
reaction with salicylic acid), and (iii) the assistance afforded by the 
chlorine in the 3-position owing to its relatively greater deactivation 
of the 4-position by the general (inductive) effect. Nitroanisoles 
are prone to give chlorinated products during this particular re- 
duction process, for the competing pair of electron-source groups 
not only favour the chlorinating activity of the N-chloroamine (in 
acid solution) first formed, but also, by a combined alternating and 
direct effect, render exceedingly active the carbon in the position 
para to the stronger electron source. 

In the case of 3-chloro-2-iodoanisole dichloride, which on keeping 
changes spontaneously into 3 : 4-dichloro-2-iodoanisole, the effective 
chlorinating agent is either the molecule itself or atomic or molecular 
chlorine. The intermediate product which is chlorinated is probably 
3-chloro-2-iodoanisole, since the analogous intermolecular decom- 
position of iodobenzene dichloride produces 4-chloroiodobenzene, 

5F 
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whereas, if the dichloride itself were chlorinated, the meta-directing 
Cle/2 
influence of its dipole Mee 4 i (compare Ingold, Ann. Reports, 


1926), would entail the formation of 3-chloroiodobenzene dichloride 
and hence of 3-chloroiodobenzene (or more highly chlorinated 
derivatives). 

The 4-position in 3-chloro-2-iodoanisole is less deactivated by the 
halogens than in 3-chloro-2-bromoanisole (see below), whilst the 
kationoid reagent (probably nascent chlorine) is much stronger, s0 
that exclusive chlorination of the 4-position is more probable than 
the exclusive bromination discussed in the next case (compare 
Lapworth and Robinson, Mem. Manchester Phil. Soc., 1928, 72, 43; 
also Ingold, Smith, and Vass, J., 1927, 1245, who found that o-iodo. 
anisole dichloride was transformed into 4-chloro-2-iodoanisole). 
That 3 : 4-dichloro-2-iodoanisole is the sole product of reaction, has 
been established by its independent synthesis, and also by the 
preparation of 3 : 6-dichloro-2-iodoanisole, which has a different m. p. 

Correction.—In a previous paper (J., 1928, 191) the authors stated 
that 3-chloroanisole-2-diazoperbromide was converted by boiling 
glacial acetic acid into 3-chloro-2 : 6-dibromoanisole, the statement 
being based partly upon the reasonable assumption that sulphonation 
of m-chlorophenol at 100° occurred almost exclusively in the para- 
position. It is now established that the sulphonation takes place 
chiefly in the 6-position, since on dibromination and subsequent 
desulphonation, 3-chloro-2 :4-dibromophenol was obtained, its 
constitution being established by its mononitration to 3-chloro- 
2 : 4-dibromo-6-nitrophenol, identical with the product of dibromin- 
ation of 3-chloro-6-nitrophenol. It follows that the diazoperbromide 
had been converted into 3-chloro-2 : 4-dibromoanisole, the second 
bromine atom having entered the 4-position, apparently exclusively. f 

The reaction mechanism for this third case of intermolecular 
halogenation would appear to be an initial decomposition of 3-chloro- 
anisole-2-diazoperbromide into 3-chloro-2-bromoanisole and mole- 
cular or atomic bromine (free bromine was found in the solution, 
and it is improbable that the negative perbromide ion would act as 
brominating agent), followed by bromination in the 4-position ; the 
great velocity of this reaction is evidence in favour of such initial 
decomposition. That the 4- and not the 6-position should be 
attacked by bromine is consistent with the general considerations 
advanced by Lapworth and Robinson (loc. cit.) for the ortho-par 
ratio in aromatic substitutions, viz., that the methoxyl group 
activates the 6- and 4-positions by the alternating effect (III), the 
former more strongly and the latter more frequently; further, 
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that the halogens deactivate the whole molecule by the general 
effect (inductive and direct), the bromine in the activated phase 
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(IIl) diverting part of the methoxyl-group effect, and the chlorine 
deactivating principally the 4-position. Thus, whilst the 4- and 
6-positions suffer diminution of activity, the strong kationoid re- 
agent (probably nascent bromine) takes advantage of the more 
frequent activations of the 4-position, which may perhaps be less 
affected by steric hindrance. If direct bromination of 3-chloro- 
anisole-2-diazoperbromide occurred simultaneously, then the 
6-position should undergo preferential attack, since the powerful 
positive pole (IV) will weaken the activation of the molecule by the 
methoxyl group far more than does the bromine in (II1), so that if 
any bromination can occur at all, some must be at the 6-position. 
That bromination occurs only in the 4-position is evidence in support 
of 3-chloro-2-bromoanisole being the actual intermediate which is 


subsequently brominated. 


EXPERIMENTAL. 

Reduction of 3-Chloro-2-nitroanisole with Tin and Concentrated 
Hydrochloric Acid.—The usual procedure gave an amine volatile 
in steam, which appeared from analysis to be mainly a dichlorinated 
product. Replacement of the amino-group with chlorine by means 
of the Sandmeyer reaction gave a product which crystallised from 
| alcohol in colourless needles, m. p. 84° (Found: Cl, 50-3. Cale. for 
C,H,OCl,: Cl, 50-4%), identical with the 2 : 3 : 5-trichloroanisole 
prepared by direct synthesis. 

Synthesis of 2:3:5-T'richloroanisole.—(la) Separation of 3-chloro-4- 
and -6-nitroanilines. To an ice-cold solution of m-chloroacet- 
anilide (62 g.) in glacial acetic acid (62 c.c.) and concentrated 
sulphuric acid (100 c.c.), nitric acid (20 c.c.; d 1-5) was added in 
such wise that the temperature did not exceed 15°. After being 
kept over-night, the mixture was poured on ice (1000 g.), the pre- 
cipitated 3-chloro-4- and -6-nitroacetanilides were filtered off, 
heated for 30 minutes on the water-bath with concentrated hydro 
chloric acid (400 c.c.) and water (100 ¢.c.), and then neutralised by 
sodium hydroxide and steam distilled; the slowly volatile 3-chloro- 
6-nitroaniline was completely removed only after several litres of 
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distillate had been collected. The tarry non-volatile residue was 
extracted with boiling dilute hydrochloric acid (200 ¢.c. each of 
concentrated acid and water), the solution filtered, and the 3-chloro- 
4-nitroaniline (12 g.) precipitated from it by means of ammonia. 

(1b) Alternative separation. The mixture of amines, after 
hydrolysis of the mixed acetanilides, was neutralised with am- 
monia and the solid precipitate dissolved in the minimal amount 
(about 350 c.c.) of boiling alcohol; on cooling, almost all the 
3-chloro-4-nitroaniline (20 g.) separated from the solution in 
practically pure condition. 

(2) 2:3:6-T'richloro-4-nitroaniline. 3-Chloro-4-nitroaniline (11 g.) 
was ground with pure concentrated hydrochloric acid (63 c.c.), the 
mixture heated to 50°, and finely powdered potassium chlorate 
(5-1 g.) added with vigorous stirring at a rate sufficient to maintain 
the temperature at 50°. After 2 hours’ standing,.the 2 : 3 : 6-tri- 
chloro-4-nitroaniline (14 g.) was filtered off and washed with water; 
it crystallised from glacial acetic acid in yellow needles, m. p. 143° 
(Found : Cl, 43-9. C,H,0,N,Cl, requires Cl, 44-19%). 

(3a) 2:3: 5-T'richloronitrobenzene.. Sodium nitrite (7 g.) was 
added in small portions (after each effervescence had ceased) to a 
boiling solution of 2 : 3 : 6-trichloro-4-nitroaniline (11 g.) in alcohol 
(63 c.c.) and concentrated sulphuric acid (13 c.c.). The 2:3 : 5-tri- 
chloronitrobenzene (8 g.) was removed by steam distillation, and, F 
after repeated crystallisation from 80% alcohol, was obtained in 
very pale yellow, flat needles, m. p. 45° (Found: Cl, 4658. 
C,H,O,NCI, requires Cl, 47-0%). 

(3b) A much purer initial product was obtained by the following 
method. 2:4-Dichloroaniline (46 g.) was heated with acetic 
anhydride (29 c.c.) for 1 hour on the water-bath, the mixture poured 
into glacial acetic acid (40 c.c.) and cooled, concentrated sulphuric 
acid (90 c.c.) added, and nitration effected below 20° by addition of 
nitric acid (30 c.c.; d 1-5) during 1 hour. The fine crystals of 
2 : 4-dichloroacetanilide dissolved during the nitration, and, after 
being kept over-night, the clear solution was poured on ice, giving 
a theoretical yield of 2 : 4-dichloro-6-nitroacetanilide, m. p. 188° 
(Witt, Ber., 1874, 7, 1603, gives m. p. 188°). This product was 
hydrolysed by 30 minutes’ boiling with 50%, sulphuric acid (300 g.), 
and the 2: 4-dichloro-6-nitroaniline was precipitated by dilution 
with water and crystallised from alcohol (yield, 36 g.); m. p. 102° 
(Langer, Annalen, 1882, 215, 111, gives m. p. 100°). 2:3: 5-Tri- 
chloronitrobenzene was obtained by dissolving the foregoing nitro- 
aniline (26 g.) in glacial acetic acid (20 c.c.), pouring the mixture 
into hot concentrated hydrochloric acid (100 c.c.), chilling it to 0°, 
diazotising it with sodium nitrite (10 g.), and following the usual 
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Sandmeyer procedure. The product (yield, 19 g.) formed almost 
colourless needles (from alcohol), m. p. 45°, unaltered on admixture 
with material obtained as in (3a). 

(4) 2:3: 5-T'richloroaniline. Iron filings (4 g.) were gradually 
added to a solution of 2 : 3 : 5-trichloronitrobenzene (7 g.) in glacial 
acetic acid (20 c.c.) and water (20. c.c.). After the vigorous reaction 
had abated, the mixture was heated on the water-bath, made 
slightly alkaline, and steam distilled; the 2:3 : 5-trichloroaniline 
(5 g.) that passed over crystallised from light petroleum in colourless 
needles, m. p. 73° (Found : Cl, 54:4. C,H,NCI, requires Cl, 54-2%). 

(5) 2:3:5-T'richlorophenol. 2:3: 5-Trichloroaniline (10 g.) in 
glacial acetic acid (20 c.c.) was added to a mixture of sulphuric acid 
(40 g.) and water (40 c.c.), cooled to 0°, and diazotised by addition 
of a large excess of sodium nitrite (7 g.). The excess of nitrous acid 
was destroyed by means of urea, and the clear solution dropped 
gradually into boiling 70% ‘sulphuric acid through which steam 
was passing. After nearly all the water had been removed, the 
2:3: 5-trichlorophenol came over as an oil which soon solidified ; 
yield, 7 g.; m. p. 62° (Found: Cl, 53-7. Cale.: Cl, 539%). The 
product is peculiar in giving oils or gels when dissolved in hot 
solvents and allowed to cool, a very dilute hot aqueous solution 
setting when cold to an almost solid translucent gel (compare Holle- 
man, Rec. trav. chim., 1920, 39, 736), partly fibrous and probably 
partly crystalline. When a solution of potassium dichromate is 
poured on such a gel containing silver nitrate, distinct but not well- 
defined Liesegang rings are produced in the gel. 

(6) 2:3: 5-Trichloroanisole. The foregoing phenol (1-5 g.), 
dissolved in 20% aqueous sodium hydroxide (20 c.c.), was shaken 
with methyl sulphate (5 g.) until the solid ether separated (1-5 g.) ; 
this crystallised from alcohol in colourless needles, m. p. 84° 
(Holleman, loc. cit., gives m. p. 82°) (Found: Cl, 50-2. Cale.: Cl, 
50-4%). 

Intermolecular Halogenation in 3-Chloro-2-iodoanisole Dichloride. 

3-Chloro-2-iodoanisole dichloride was prepared by passing chlorine 
into a solution of 3-chloro-2-iodoanisole (5 g.) in chloroform (15 c.c.) 
until absorption ceased ; during the operation the product crystal- 
lised from the solution in minute bright yellow prisms, m. p. 72° 
(decomp.) (0-0987 G. gave 0-1941 g. of silver halides. Cale. : 
0:1935 g.). When kept over-night, it was transformed into 3 : 4-di- 
chloro-2-iodoanisole, which crystallised from alcohol in colourless 
needles, m. p. 84° (0-0886 G. gave 0-1540 g. of silver halides. Cale. : 


01526 g.). i R : 
Synthesis of 3: 4-Dichloro-2-rodoanisole—(1) 1 : 2-Dichloro-4- 
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nitrobenzene was prepared by adding o-dichlorobenzene (57 g.) 


gradually (1 hour) with vigorous stirring to a cooled mixture of nitric: 


acid (150 c.c.; d 1-5) and concentrated sulphuric acid (80 c.c.), the 
temperature being kept at or below 0°. After a further 6 hours’ 
stirring, the reaction mixture was poured on ice, and the precipitated 
1 : 2-dichloro-4-nitrobenzene removed and crystallised from the 
minimum amount of boiling alcohol (300 c.c.). Yield, 50 g. 

(2) The above product (50 g.), dissolved in hot glacial acetic acid 
(90 c.c.) and water (90 c.c.), was reduced by the gradual addition of 
iron powder (32 g.); the mixture was heated on the water-bath for 
1 hour after abatement of the reaction, then made alkaline with 
sodium hydroxide (60 g.), and the 3 : 4-dichloroaniline removed by 
steam distillation and converted into 3 : 4-dichlorophenol by our 
standard process (Hodgson, E.P. 200,714). Yield 32 g.; colourless 
needles from light petroleum, m. p. 65° (D.-R.P. 156333 gives m. p, 
64—65°) (Found : Cl, 43-3. Cale.: Cl, 43-5%). 

(3) 3:4-Dichlorophenol (17 g.) was heated with a solution of 
oleum (34 g.; 25% SO,) and concentrated sulphuric acid (20 g.) 
on the water-bath until the mixture solidified. When cold, the 
product was ground with concentrated sulphuric acid (20 c.c.), and 
the paste treated gradually with a solution of nitric acid (5-1 c.c.; 
d 1-5) in oleum (21 c.c.; 25%). The solid passed into solution 
with rise of temperature, and the mixture was kept over-night, then 
diluted with water (30 c.c.) and hydrolysed during steam distill. 
ation; the 3: 4-dichloro-2-nitrophenol (15 g.) which passed over 
crystallised from light petroleum in yellow needles, m. p. 76° 
(Found : Cl, 33-9. C,H,0,NCl, requires Cl, 34-1%%). 

(4) 3: 4-Dichloro-2-nitrophenol (13 g.) was dissolved in xylene 
(30 c.c.), potassium carbonate (12 g.) added, and the mixture heated 
on the water-bath during the gradual addition of methyl sulphate 
(15 g.). After being refluxed for 6 hours, the mixture was made 
just alkaline and cooled, and the solid 3 : 4-dichloro-2-nitroanisole 
(6 g.) filtered off ; it crystallised from alcohol in flat colourless needles, 
m. p. 126° (Found: Cl, 31-8. Cale.: Cl, 32-0%) (Meldola and 
Eyre, J., 1902, 81, 997, give m. p. 128°). 

(5) 3: 4-Dichloro-2-aminoanisole was prepared from the above 
nitro-compound by reduction with iron and acetic acid. It was 
volatile in steam and was readily converted by the usual diazo- 
tisation-iodination method into 3 : 4-dichloro-2-iodoanisole, which 
crystallised from alcohol in colourless needles, m. p. 84° (0-1045 G. 
gave 0-1832 g. of silver halides. Calc.: 0-1800 g.), and was shown 
(mixed m. p. determination) to be identical with the product of 
transformation of 3-chloro-2-iodoanisole dichloride. 

Synthesis of 3: 6-Dichloro-2-iodoanisole.—2 : 5-Dichlorophenol 
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(16 g.), sulphuric acid (20 g.), and oleum (32 g.; 25% SO;) were 
neated for 30 minutes on the water-bath. The partly solid mixture 
was cooled, and nitrated by gradual addition to it of a solution of 
nitric acid (2-4 c.c.; d 1-5) in oleum (10 ¢.c.; 25% SO,), the temper- 
ature being allowed to rise until all the solid had dissolved. After 
standing over-night, the mixture was diluted with water (20 c.c.) 
and hydrolysed in a current of steam; 3 : 6-dichloro-2-nitrophenol 
(18 g.) passed over in a semi-liquid state, and was extracted by 
ether from the cooled distillate. It crystallised from light petroleum 
in yellow prisms, m. p. 70° (Found: Cl, 34-4. C,H,0,NCI, requires 
Cl, 34:1%). 

3 : 6-Dichloro-2-nitroanisole (9-5 g.) was obtained from the above 
phenol (14 g.) by the methylation procedure detailed on p. 2921. 
It is volatile in steam and crystallises from alcohol in colourless 
prisms, m. p. 70° (Found: Cl, 31-9. C,H,O,NCI, requires Cl, 
320%). 

3 : 6-Dichloro-2-aminoanisole was obtained by reduction of this 
nitro-compound with iron filings and dilute acetic acid, removed as 
an oil by steam distillation, and converted into the hydrochloride, 
which crystallised from water in colourless needles (Found: Cl, 
46-4. C,H,ONCI,,HCI requires Cl, 46-6%). 

3 : 6-Dichloro-2-iodoanisole, prepared from the aminoanisole by 
the usual diazotisation-iodination procedure, crystallised from 
light petroleym (cooled by a freezing mixture) in needles, m. p. 21° 
(0-1122 G. gave 0-1953 g. mixed silver halides. Calc.: 0-1933 g.). 

Monosulphonation of m-Chlorophenol at 100°. Formation of 
3-Chlorophenol-6-sulphonic Acid.—m-Chlorophenol (6-5 g.) was 
heated for 8 hours at 100° with pure sulphuric acid (12 g.), the 
cooled mixture poured on ice (20 g.), and the solution diluted to 
80 c.c. and treated with bromine (5 c.c.). The mixture was kept 
for 4 hours, the by-product, 3-chloro-2 : 4 : 6-tribromophenol (less 
than 1 g.), filtered off, sulphuric acid (30 c.c.) added, and the solution 
boiled during the passage of steam through it. The volatile product 
(9 g.) was identified as 3-chloro-2 : 4-dibromophenol by nitration 
to 3-chloro-2 : 4-dibromo-6-nitrophenol (8 g. of pure material), 
identical with the product produced by dibromination of 3-chloro- 
6-nitrophenol. 


The authors desire to thank Mr. J. H. Crook for valuable assistance 
in the preparative work, and the British Dyestuffs Corporation for 
gifts of chemicals. 
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nitrobenzene was prepared by adding o-dichlorobenzene (57 g.) 
gradually (1 hour) with vigorous stirring to a cooled mixture of nitric 
acid (150 c.c.; d 1-5) and concentrated sulphuric acid (80 c.c.), the 
temperature being kept at or below 0°. After a further 6 hours’ 
stirring, the reaction mixture was poured on ice, and the precipitated 
1 : 2-dichloro-4-nitrobenzene removed and crystallised from the 
minimum amount of boiling alcohol (300 c.c.). Yield, 50 g. 

(2) The above product (50 g.), dissolved in hot glacial acetic acid 
(90 c.c.) and water (90 c.c.), was reduced by the gradual addition of 
iron powder (32 g.); the mixture was heated on the water-bath for 
1 hour after abatement of the reaction, then made alkaline with 
sodium hydroxide (60 g.), and the 3 : 4-dichloroaniline removed by 
steam distillation and converted into 3 : 4-dichlorophenol by our 
standard process (Hodgson, E.P. 200,714). Yield 32 g.; colourless 
needles from light petroleum, m. p. 65° (D.-R.P. 156333 gives m. p, 
64—65°) (Found : Cl, 43-3. Cale.: Cl, 43-5%). 

(3) 3: 4-Dichlorophenol (17 g.) was heated with a solution of 
oleum (34 g.; 25% SO,‘ and concentrated sulphuric acid (20 g.) 
on the water-bath until the mixture solidified. When cold, the 
product was ground with concentrated sulphuric acid (20 c.c.), and 
the paste treated gradually with a solution of nitric acid (5-1 c.c.; 
d 1-5) in oleum (21 c.c.; 25%). The solid passed into solution 
with rise of temperature, and the mixture was kept over-night, then 
diluted with water (30 c.c.) and hydrolysed during steam distill- 
ation; the 3: 4-dichloro-2-nitrophenol (15 g.) which passed over 
crystallised from light petroleum in yellow needles, m. p. 76° 
(Found : Cl, 33-9. C,H,O,NCl, requires Cl, 34-1%). 

(4) 3: 4-Dichloro-2-nitrophenol (13 g.) was dissolved in xylene 
(30 c.c.), potassium carbonate (12 g.) added, and the mixture heated 
on the water-bath during the gradual addition of methyl sulphate 
(15 g.). After being refluxed for 6 hours, the mixture was made 
just alkaline and cooled, and the solid 3 : 4-dichloro-2-nitroanisole 
(6 g.) filtered off ; it crystallised from alcohol in flat colourless needles, 
m. p. 126° (Found: Cl, 31-8. Cale.: Cl, 320%) (Meldola and 
Eyre, J., 1902, 81, 997, give m. p. 128°). 

(5) 3: 4-Dichloro-2-aminoanisole was prepared from the above 
nitro-compound by reduction with iron and acetic acid. It was 
volatile in steam and was readily converted by the usual diazo- 
tisation-iodination method into 3: 4-dichloro-2-iodoanisole, which 
crystallised from alcohol in colourless needles, m. p. 84° (0-1045 G. 
gave 0-1832 g. of silver halides. Calc. : 0-1800 g.), and was shown 
(mixed m. p. determination) to be identical with the product of 
transformation of 3-chloro-2-iodoanisole dichloride. 

Synthesis of 3: 6-Dichloro-2-iodoanisole.—2 : 5-Dichlorophenol 
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(16 g.), sulphuric acid (20 g.), and oleum (32 g.; 25% SO,) were 
neated for 30 minutes on the water-bath. The partly solid mixture 
was cooled, and nitrated by gradual addition to it of a solution of 
nitric acid (2-4 c.c.; d 1-5) in oleum (10 c.c.; 25% SOg), the temper- 
ature being allowed to rise until all the solid had dissolved. After 
standing over-night, the mixture was diluted with water (20 c.c.) 
and hydrolysed in a current of steam; 3 : 6-dichloro-2-nitrophenol 
(18 g.) passed over in a semi-liquid state, and was extracted by 
ether from the cooled distillate. It crystallised from light petroleum 
in yellow prisms, m. p. 70° (Found: Cl, 34-4. C,H,O,NCI, requires 
Cl, 34-1%). 

3 : 6-Dichloro-2-nitroanisole (9-5 g.) was obtained from the above 
phenol (14 g.) by the methylation procedure detailed on p. 2921. 
It is volatile in steam and crystallises from alcohol in colourless 
prisms, m. p. 70° (Found: Cl, 31-9. C,H,;O,NCl, requires Cl, 
320%). 

3 : 6-Dichloro-2-aminoanisole was obtained by reduction of this 
nitro-compound with iron filings and dilute acetic acid, removed as 
an oil by steam distillation, and converted into the hydrochloride, 
which crystallised from water in colourless needles (Found: Cl, 
46-4. C,H,ONCI,,HCI requires Cl, 46-6%). 

3 : 6-Dichloro-2-iodoanisole, prepared from the aminoanisole by 
the usual diazotisation-iodination procedure, crystallised from 
light petroleym (cooled by a freezing mixture) in needles, m. p. 21° 
(01122 G. gave 0-1953 g. mixed silver halides. Calc.: 0-1933 g.). 

Monosulphonation of m-Chlorophenol at 100°. Formation of 
3-Chlorophenol-6-sulphonic Acid.—m-Chlorophenol (6:5 g.) was 
heated for 8 hours at 100° with pure sulphuric acid (12 g.), the 
cooled mixture poured on ice (20 g.), and the solution diluted to 
80 c.c. and treated with bromine (5 c.c.). The mixture was kept 
for 4 hours, the by-product, 3-chloro-2 : 4 : 6-tribromophenol (less 
than 1 g.), filtered off, sulphuric acid (30 c.c.) added, and the solution 
boiled during the passage of steam through it. The volatile product 
(9 g.) was identified as 3-chloro-2 : 4-dibromophenol by nitration 
to 3-chloro-2 : 4-dibromo-6-nitrophenol (8 g. of pure material), 
identical with the product produced by dibromination of 3-chloro- 
6-nitrophenol. 


The authors desire to thank Mr. J. H. Crook for valuable assistance 
in the preparative work, and the British Dyestuffs Corporation for 
gifts of chemicals. 
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CCCXCV.—6 : 7-Dimethoxyisatin, 5 : 6-Methylenedioxy- 
isatin, and the Nuclear Degradation of 3: 4-Methyl- 
enedioxyquindoline. 


By Joun Masson GuLLAND, RoBertT Ropinson, JAmMEs Scort, 
and Smpngy THORNLEY. 


THE experiments described in this communication were made in 
the course of exploratory synthetical work, and are here collectively 
recorded on account of their independent interest. 

(A) Numerous unsuccessful attempts were made to prepare 
4: 7-dimethoxyisatin by the ring closure of derivatives of 2 : 5-di- 
methoxyaniline. 

Incidentally, it was noted that the nitration of aceto-4-bromo- 
2 : 5-dimethoxyanilide (I) gave rise to aceto-4-nitro-2 : 5-dimethoxy- 
anilide (II) by replacement of the bromine atom. 


Me Br x MeO: O 
(t) wai Bir Ox (il-) 


(B) The reduction of 6-nitro-3 : 4-methylenedioxymandelic acid 
(III) by means of ferrous sulphate and ammonia, followed by air 
oxidation of the solution, resulted in the formation of 5 : 6-methylene- 
dioxyisatin (IV). The ring fission to the oxamic acid (V) under 
the influence of nitric acid has been found to be a smooth process; 
Jones and Robinson (J., 1917, 141, 908) concluded that such a 
reaction must occur, but this deduction was based on the results 
of experiments on the interaction of nitric acid and di(methylene- 
dioxy)indigotin; the behaviour of the isolated methylenedioxy- 
isatin has not been previously noted. 


O 
(IL) H,0< ee HK > (IVv,) 
2 Y, 


MeO 


5 HO Ntcowo,s ~~ pe 8 ~ a 


(C) The condensation of 2-nitroveratraldehyde and hippuric acid 
to a so-called azlactone (VI) was described by Bain, Perkin, and 
Robinson (J., 1914, 105, 2403), who found that the product had 
m. p. 145° and afforded a nitrobenzamidodimethoxycinnamic acid, 
m. p. 228°. We now find that the melting points are 170° and 
224—225°, respectively. Unfortunately, the original specimen 
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cannot be found, but it is improbable that the substance is dimorphic, 
and the explanation of the anomaly is, perhaps, to be found in the 
non-homogeneity of the 2-nitroveratraldehyde formerly employed. 

Prolonged hydrolysis of (VI) by means of boiling dilute aqueous- 
alcoholic sodium hydroxide yielded 6 : 7-dimethoxyisatin (VII) and 
2-aminoveratric acid (VIII). 


(VII.) Ow rock Sor (VIII.) 
Me H MeO 


The substance (VII) was also obtained, along with a larger relative 
amount of an acid, Cy9H,,0,)N,, possibly azodimethoxryphenyl- 
glyoxylic acid, (MeO),C,.H,(CO-CO,H)-N,°C,H,(OMe),*CO-CO,H (IX), 
by the reduction of 2-nitro-3 : 4-dimethoxymandelic acid (X) with 
sodium amalgam. By methods similar to those introduced by 
Marschalk (Ber., 1912, 45, 582), the dimethoxyisatin has been 
reduced to 6: 7-dimethoxydioxindole and 6 : 7-dimethoxyoxindole 
(XI); moreover, the latter substance was independently obtained 
by the dehydration of 2-amino-3 : 4-dimethoxyphenylacetic acid 
(XII). 


H(OH)-CO,H H, H,°CO,H 
Me O, Me © Me H, 
MeO Me H Me 


(X.) (XI) (XII.) 


This new method of formation of isatin derivatives involves an 
intramolecular oxidation—reduction process, and it may be recalled 
that Robinson and Robinson (J., 1915, 107, 1753) have previously 
observed related phenomena in the facile conversion of alkyloxy- 
2-nitromandelic acids into azoalkyloxybenzoic acids by heating 
in nitrobenzene solution or by the action of alkalis. 

(D) The substance (IV) was originally required for the preparation 
of 3: 4-methylenedioxyquindoline (XIII), following the analogous 
quindoline synthesis. Actually, it was found better to obtain 
(XIII) more directly by condensing 6-aminopiperonal with indoxy]l, 
as illustrated. 


NH NH 
CHO, H tale aban tad tte 
ne) > BOQ 
N 


(XIII.) 


It was hoped to degrade this quindoline derivative to the sole- 
5F2 





2926 GULLAND, ROBINSON, SCOTT, AND THORNLEY : 


remaining unknown simple carboline, namely, 8-carboline,* but, for 
the reasons mentioned below, this was not accomplished. The 
breakdown of the methylenedioxy-substituted nucleus by oxidation 
could not be effected, and no 6-carbolinecarboxylic (or dicarboxylic) 
acid was obtained in any of the numerous attempts made. When 
chromic acid was used, a small quantity of an acid, probably cor- 
rectly represented by the expression (XIV), was isolated. 


NH NH 
O 
me ition »H a OOne. 
(XIV.) (XV.) 


Nitration of 3 : 4-methylenedioxyquindoline gives a mononitro- 
derivative which is considered to be (XV), because the methylene- 
dioxy-group is stable to hot alcoholic sodium ethoxide (compare 
Robinson and Robinson, J., 1917, 144, 929) and on grounds of 
analogy—for example, with carbazole. Oxidation of (XV) with 
47%, nitric acid gave traces of an acid which was obtained in some- 
what improved yield as the result of the action of boiling 29% or 
47%, nitric acid on 3 : 4-dihydroxyquindoline (XVI). The product 
initially obtained was a mixture of a dicarboxylic acid, exhibiting 
the reactions of a pyridine-a-carboxylic acid, and a monocarboxylic 
acid; this mixture was difficult to separate, and the whole was 
converted into the monocarboxylic acid by heating with acetic 
acid. 

The analysis and properties of this substance showed that it was 
7-nitro-8-carboline-3-carboxylic acid (XVII), but the small quantity 
available did not allow of an extension of the work and another 


* In numbering the carbolines, it has been usual to indicate the carbon 
atoms common to two rings, but this is not in harmony with the system 
adopted for other condensed nuclear types. We suggest that the substances 
previously called 3-carboline (Lawson, Perkin, and Robinson, J., 1924, 125, 
626), 4-carboline (also called norharman; compare Kermack, Perkin, and 
Robinson, J., 1921, 119, 1602), 5-carboline (Robinson and Thornley, J., 1924, 
125, 2169), and 6-carboline should really be named 2-, 3-, 4-, and 5-carbolines, 
respectively, but that possible confusion would be avoided if they were 
termed the a- B-, y-, and 8-carbolines, respectively. The numbering will then 
be independent of the name, and we suggest the adjoined scheme for f-carb- 
oline. This has the advantage that it will serve for all the carbolines. The 
numbers 10, 11, 12, 13 can be used to denote their fused positions, when 
necessary. 
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method of synthesis of 8-carboline had to be adopted. This, it is 
hoped, will be described in a later communication. 


NH N 
Hi NO 
(XVI) Bx YX) Oe a OV) 
N 


EXPERIMENTAL, 

(A) 2: 5-Dimethoxyaniline—Some difficulty was experienced in 
the preparation of this substance, and we therefore give details of a 
convenient process. 

Nitroquinol dimethyl ether (100 g.) was gradually added to a well- 
stirred mixture of water (400 c.c.), acetic acid (10 c.c.), and iron 
filings (200 g.), steam-heated in a Perkin pot (a metal digester with 
stirrers rotating in opposite directions). After an hour, following 
the addition of the last portion of the nitro-compound, the mixture 
was rendered alkaline and distilled in super-heated steam. Colour- 
less pearly plates were collected, but it was found advisable to 
extract the aqueous solution with benzene owing to the solubility 
of the base in water (yield, 68 g. or 82%). 

Di-(2 : 5-dimethoxyanilino)aceto-2 : 5-dimethoxyanilide, 

[C,H,(OMe),*NH],CH-CO-NH-C,H,(OMe), ( ?). 
—This substance, which may also have the constitution of a diamino- 
diphenylmethane derivative, was obtained as the result of an attempt 
to apply Sandmeyer’s isonitrosoacetanilide isatin synthesis (Helv. 
Chim. Acta, 1919, 2, 234). 

Concentrated sulphuric acid (25 c.c.) was quickly added to a 
mixture of 2 : 5-dimethoxyaniline (5 g.), chloral hydrate (5-41 g.), 
hydroxylamine hydrochloride (2-27 g.), and water (25 c.c.), the 
temperature being raised to the boiling point and solution to a 
greenish-brown liquid occurring. The whole was boiled for 15 
minutes, during which the colour of the solution became crimson, 
and, later, a solid was deposited in needles. After cooling, an equal 
volume of water was added, and the residue separated by filtration 
was extracted with boiling dilute sulphuric acid (charcoal). The 
filtered extracts deposited a solid, which was collected (0-8 g.) and 
crystallised from dilute sulphuric acid (charcoal); it then separated 
in white, voluminous, microscopic, tufted needles, m. p. 298° 
(decomp.), preceded by darkening and shrinking. This material 
proved to be the sulphate of the base; it was insoluble in aleohol 
but dissolved in much boiling water, undergoing appreciable 
hydrolysis, indicated by separation of a small quantity of cream- 
coloured, prismatic needles of the base on cooling; the majority of 
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the material remained in the cooled solution as sulphate, addition 
of sodium hydroxide precipitating white microscopic needles of the 
base. The base, prepared by trituration of the solid sulphate with 
dilute sodium hydroxide solution, was crystallised by dissolution 
in a large volume of ethyl alcohol and concentration of the filtrate, 
followed by refiltration. Recrystallisation gave very pale pink 
needles, m. p. 210° (Found: C, 62-9, 63-0; H, 6-4, 6-2; N, 3-8. 
C,,H,,0,N, requires C, 62-8; H, 6-2; N, 85%). 

This substance is sparingly soluble in most organic solvents, but 
is readily soluble in pyridine or in hot nitrobenzene. Its solution 
in hot dilute sulphuric acid deposits, on cooling, white, voluminous, 
microscopic needles of the sulphate. 

2 : 5-Dimethoxyanilinoacetonitrile, (MeO),C,H,-NH-CH,°CN, and 
4:4’ - Di(cyanomethylamino) - 2 : 5 : 2’ : 5’ - tetramethoxydiphenyl - 
methane, CN*CH,*NH-C,H,(OMe),-CH,°C,H,(OMe).-NH-CH,°CN.— 
Solutions of formaldehyde (2-8 g. of 40%) and sodium bisulphite 
(3-4 g. in 8 c.c. of water) were mixed, and 2 : 5-dimethoxyaniline 
(5 g.) gradually added with heating almost to the boiling point and 
with constant stirring. The portion of the amine present as an oil 
subsequent to each addition went slowly into solution; finally, the 
reaction was continued for a few minutes after complete disappear- 
ance of oil. To the resulting mauve solution, powdered potassium 
cyanide (2-5 g. of 98%) was added, and the whole heated with 
stirring for 15 minutes. An oil, solidifying on cooling, separated, 
and this was collected and washed with water. In order to remove 
any unchanged dimethoxyaniline or acid amide formed by hydrolysis 
of the dimethoxyanilinoacetonitrile, the product was treated with 
cold 5% hydrochloric acid with frequent shaking for $ hour; the 
residue was then collected, washed with water, and dried (4-6 g.). 
This solid was boiled for 10 minutes with 95% ethyl alcohol (400 c.c.) 
and, after the mixture had been kept over-night, the liquid was 
filtered (residue X). The filtrate contained the 2 : 5-dimethoxy- 
anilinoacetonitrile, which crystallised after concentration to about 
40 c.c. (including a further quantity obtained from the mother-liquor, 
the total yield was 3-9 g.). The purification of the 2 : 5-dimethoxy- 
anilinoacetonitrile can also be effected by the use of benzene, this 
nitrile being easily soluble in cold benzene, whilst all the impurities 
present in appreciable quantity are insoluble in the cold. 

2 : 5-Dimethoxyanilinoacetonitrile crystallised from methyl alcohol 
in white leaflets, m. p. 113-5° (Found: C, 62-4; H, 6-4; N, 147. 
CioH,,0.N, requires C, 62:5; H, 6:3; N, 146%). It is easily 
soluble in acetone or in hot methyl and ethyl alcohols, moderately 
easily soluble in the cold solvents, and in hot water. It is insoluble 
in cold dilute mineral acids. 
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The residue X (0-5 g.) crystallised from pyridine in small, paral- 
lelogram-shaped plates, m. p. 236° (Found : C, 63-6, 63-4; H, 5-8, 
6-1; N, 141. C,,H,,0,N, requires C, 63-6; H, 6-1; N, 14-1%). 

4:4’ - Di(cyanomethylamino) - 2 : 5 : 2’ : 5’ - tetramethoxydiphenyl - 
methane is insoluble in water and benzene, slightly soluble in hot 
ethyl and methyl alcohols, insoluble in the cold solvents, and easily 
soluble in hot nitrobenzene and pyridine, crystallising on cooling. 
It is insoluble in cold dilute hydrochloric acid. 

2 : 5-Dimethoxyanilinoacetamide, C,H,(OMe).-NH-CH,°CO-NH,.— 
2: 5-Dimethoxyanilinoacetonitrile was shaken with ten times its 
weight of concentrated sulphuric acid, and any rise in temperature 
was checked by cooling in running water. The brown solution was 
added to crushed ice, and a white solid, which proved to be unchanged 
nitrile, slowly separated on stirring. When the filtrate was made 
alkaline, a further quantity of white solid was precipitated; after 
being washed with water and dried, this crystallised from benzene 
in leaflets and then from methyl alcohol in elongated prisms, m. p. 
164° (Found: C, 57-3; H, 6-6. Cy 9H,,0O;N, requires C, 57-1; 
H, 6:7%). 2:5-Dimethoxyanilinoacetamide is easily soluble in 
methyl and ethyl alcohols, slightly soluble in hot benzene and water, 
but practically insoluble in the cold. It is soluble in cold dilute 
hydrochloric and sulphuric acids, being reprecipitated by sodium 
hydroxide. 

Ox-2 : 5-dimethoxyanilic Acid, C,H,(OMe),*NH-CO-CO,H.—A mix- 
ture of 2: 5-dimethoxyaniline (5-0 g.) and anhydrous oxalic acid 
(5-5 g.) was heated in an oil-bath for 1 hour, the temperature not 
being allowed to exceed 130°. The product was extracted with 
water, and from the filtered extract an easily solidifying oil separ- 
ated, followed, on further cooling, by a light yellow solid. This was 
collected and extracted with boiling, very dilute sulphuric acid 
(1 c.c. of concentrated acid to 55 c.c. of water). The solid deposited 
on cooling, after being dried in a vacuum (3-56 g.), crystallised from 
water in pale yellow, elongated prisms which effloresced in the 
air to a pale pink powder. A specimen, dried in the air for 4 days, 
lost water in a vacuum desiccator over sulphuric acid corresponding 
to }H,O; this anhydrous material had m. p. 138° (Found : C, 53-1; 
H, 5-0. C,9H,,0;N requires C, 53-3; H, 49%). 

The anhydrous acid is insoluble in light petroleum, but crystallises 
from hot benzene, in which it is easily soluble, in prisms. 

As was the case with 2: 5-dimethoxyanilinoacetonitrile, all 
attempts to effect the ring closure of this substituted oxanilic acid 
were fruitless. Sulphuric acid, phosphorus trichloride and penta- 
chloride, and phosphoryl chloride were ineffective, as was also the 
action of aluminium chloride or anhydrous ferric chloride on the 
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chloride of the acid. We may take this opportunity to remark that 
negative results were also obtained in experiments on the conden. 
sation of oxalyl chloride with aceto-2 : 5-dimethoxyanilide and its 
monobromo-derivative under the influence of aluminium chloride. 

Aceto-4-bromo-2 : 5-dimethoxyanilide, C,H,Br(OMe),-NHAc.—A 
mixture of 2 : 5-dimethoxyaniline (3-5 g.), acetic anhydride (3-5 c.c.), 
and glacial acetic acid (10-5 c.c.) was boiled for 4 hour. After 
cooling, bromine (5-0 g.) in glacial acetic acid (10 c.c.) was gradually 
introduced with cooling, and in an hour water was added; a few 
hours later, the solid was collected, well washed with water, and 
dried (5-4 g.). It crystallised from methyl alcohol, in which it was 
easily soluble, in colourless rhombic tablets, m. p. 123° (Found: 
Br, 29-0. C,9H,.0,NBr requires Br, 29-2%). This derivative is 
readily soluble in ethyl alcohol and moderately easily soluble in 
hot water. 

A solution of aceto-4-bromo-2 : 5-dimethoxyanilide (2-0 g.) in 
glacial acetic acid (8-5 c.c.) was cooled by running water, and nitric 
acid (1-6 c.c.; d 1-42) in glacial acetic acid (3-2 c.c.) was gradually 
added with shaking and further cooling. After an hour, the volume 
was made up to 50 c.c. with water; a voluminous, light yellow 
solid was then deposited, which was collected, washed with water, 
dried, and crystallised from methyl alcohol. The yield, including a 
further quantity from the mother-liquor, was 0-93 g. The substance 
melted at 164°, alone or when intimately mixed with aceto-4-nitro- 
2 : 5-dimethoxyanilide prepared according to Baessler (Ber., 1884, 
17, 2121) or, more conveniently, by the following method. Aceto- 
2 : 5-dimethoxyanilide (1 g.) was dissolved in cold glacial acetic acid 
(14 e¢.c.), and nitric acid (2 c.c.; d 1-42), dissolved in glacial acetic 
acid (6 c.c.), was quickly added in three portions with shaking and 
cooling in running water; the agitation was continued for 1 minute 
with further cooling, and was followed by addition of water (total 
volume, 100 c.c.). The pale yellow product was collected, washed 
with water, and dried (1-1 g.). It erystallised from methyl alcohol 
in pale yellow, silky needles, m. p. 164°. 

4-Bromo-2 : 5-dimethoxyaniline, C,H,Br(OMe),"NH,.—Aceto-4- 
bromo-2 : 5-dimethoxyanilide (2-0 g.) was shaken with concentrated 
hydrochloric acid (20 c.c.); partial solution oceurred, followed by 
separation of the hydrochloride. After the crystals had been 
partly dissolved by heating on the steam-bath, the liquid was boiled 
for a few minutes. Complete solution occurred, a solid was then 
deposited, and finally the whole set to a compact mass. Hot water 
(70 c.c.) was added, the clear solution cooled and filtered, and the 
filtrate made alkaline with sodium hydroxide. The precipitated 
base (1-54 g.) was crystallised from methyl alcohol im light grey, 
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rather irregular, elongated prisms, m. p. 107° (Found: Br, 34-3. 
C,H,oO,NBr requires Br, 34-5%); it was easily soluble in methyl 






1 its § and ethyl alcohols, and moderately readily soluble in hot water. 
ride, (B) 5: 6-Methylenedioxyisatin (IV).—Crude 6-nitropiperonal, con- 
—A § taining 4-nitropyrocatechol methylene ether, may be employed for 





the preparation of 6-nitro-3 : 4-methylenedioxymandelic acid (Robin- 







son and Robinson, J., 1914, 105, 1466), but the final product should 
ally § then be purified by dissolution in aqueous sodium carbonate and 
few [@ crystallisation of the recovered acid. 





6-Nitro-3 : 4-methylenedioxymandelic acid (40 g.) was dissolved 
in aqueous ammonia (233 c.c.; d, 0-88) and water (797 c.c.), and a 
boiling solution of crystallised ferrous sulphate (520 g.) in water 
(1040 ¢.c.) gradually introduced with vigorous shaking. After the 
mixture had been heated on the steam-bath with frequent agitation 
for + hour, the liquid was filtered hot, the black residue being washed 
thoroughly with hot dilute aqueous ammonia, The reddish-brown 
filtrate and washings were acidified with concentrated hydrochloric 












tric 
ly acid, and the resulting crimson solution kept over-night. The red 
me [— deposit was collected, and a further quantity was obtained by passing 





air through the cold filtrate for 12 hours. The material was agitated 
with cold dilute aqueous sodium hydroxide, the solution filtered 
from the inappreciable greenish residue, and air blown through the 
filtrate for 4 hours. Addition of hydrochloric acid precipitated a 
crimson solid; after an hour, this was separated and dried (11-6 g.). 
Crystallisation from boiling water (6 1.) gave crimson needles (10 g., 
including a quantity recovered from the mother-liquors); further 
purification, by repetition of the above-described treatment with 
sodium hydroxide and recrystallisation from water, gave prismatic 
needles, m. p. 284° (decomp.) (Found: ©, 56-5; H, 2-7. Cale. for 
C,H,O,N: C, 56-5; H, 2-6%). . 

The substance is moderately easily soluble in water and ethyl 
alcohol, more easily soluble in glacial acetic acid, from which also 
it can be crystallised. It dissolves in concentrated sulphuric acid 
to a blue solution; addition of water then gives a red solution and 
precipitates small needles, Addition of sodium hydroxide to the 
deep red, aqueous solution gives a purple coloration, quickly dis- 
appearing with the formation of a light yellow solution; the red 
























d colour returns on addition of hydrochloric acid. 

d Ox-6-nitro-3 : 4-methylenedioxyanilic Acid (V).—Finely powdered 
1 5 : 6-methylenedioxyisatin (2°85 g.) was quickly added to a mixture 
: i of nitric acid (17 c.c.; d 1-42) and water (83 ¢.c.) previously heated 
e to 60°, and the whole heated on the steam-bath with vigorous stirring 
| for 3 minutes. During this period, the powdered isatin was replaced 





by a thick paste of yellow needles, which were isolated after the 
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addition of water. The dry product (3-22 g.) was dissolved in 
boiling ethyl alcohol (500 c.c.); the filtered red solution deposited 
crystals on long standing and scratching of the containing vessel, 
These, recrystallised from ethyl alcohol, a comparatively small 
volume now being required, formed yellow elongated prisms. When 
dried in an evacuated desiccator, the transparent crystals effloresced, 
becoming opaque; the material was finally dried at 102° and then 
had m. p. 183° (decomp.) (Found: C, 42-6; H, 2-5. C,H,O.N, 
requires C, 42-5; H, 2.4%). This acid is easily soluble in glacial 
acetic acid and ethyl alcohol, moderately readily soluble in xylene 
and water, slightly soluble in benzene, and insoluble in ligroin. 

When the acid was heated with aqueous sodium carbonate, com- 
plete solution first occurred, followed, owing to hydrolysis, by 
deposition of a solid, which, after cooling, was separated by filtra- 
tion. The filtrate contained sodium oxalate, and the residue, after 
crystallisation from ethyl alcohol, gave light red leaflets, m. p. 195°, 
consisting of 5-nitro-4-aminopyrocatechol methylene ether. 

(C) 5-Keto-2-phenyl-4-(2'-nitro-3’ : 4’ -dimethoxybenzylidene) -4 : 5- 
dihydro-oxazole (V1).—This azlactone was obtained in 75% yield 
when a mixture of fused sodium acetate (12 g.), 2-nitroveratr- 
aldehyde (12 g.), hippuric acid (il g.), and acetic anhydride (20 c.c.) 
was heated on the steam-bath. The liquid became deep red, and 
the crystalline product separated in the course of 5 minutes. After 
the reaction had been completed by heating on the steam-bath for 
10 minutes, alcohol (20 c.c. of 70%) was added and the solid was 
collected, washed with 70% alcohol until pale yellow, treated 
repeatedly with boiling water to remove excess of hippuric acid, and 
dried in a vacuum desiccator (15 g.). The azlactone separated from 
ethyl alcohol or ethyl acetate in yellow felted needles, m. p. 170° 
(Found : C, 60-5; H, 4-3; N, 7-7. Cale. for C,,H,,0,N,: C, 61-0; 
H, 3-9; N, 7-9%). 

2-Nitro-«-benzamido-3 : 4-dimethoxycinnamic Acid.—The hydro- 
lysis of the azlactone took place readily on boiling with 10% 
sodium hydroxide solution for 10—15 minutes, or by heating on 
the steam-bath for 30 minutes with dilute alcoholic hydrochloric 
acid. The acid crystallised from 70% alcohol in colourless needles, 
m. p. 224—225° (decomp.) (Found in material dried at 100°: C, 
58-1; H, 4:3. Cale. for C,,H,,O,N,: C, 58:1; H, 43%). This 
acid dissolves readily in sodium carbonate, alcohol, acetone, and 
acetic acid, less easily in benzene, ether, and chloroform, and is 
insoluble in cold water. It is stable to boiling concentrated hydro- 
chloric acid during many hours, but is immediately converted into 
the azlactone on heating with acetic anhydride. 

6 : 7-Dimethoxyisatin (VII) and 2-Aminoveratric Acid (VIII).—A 





6 : 7-DIMETHOXYISATIN, 5 : 6-METHYLENEDIOXYISATIN, ETC. 2933 


mixture of the azlactone (8-0 g.), sodium hydroxide (5-0 g.), water 
(40 c.c.), and ethyl alcohol (120 c.c.) was boiled under reflux for 
5} hours; ammonia was evolved. The dark red solution, after 
being cooled and filtered, was freed from alcohol by distillation, 
and acidified by a stream of sulphur dioxide. The precipitate, 
consisting of benzoic and aminoveratric acids, was collected and 
treated as described below. The filtrate, which contained the 
bisulphite compound of dimethoxyisatin, was mixed with excess 
of concentrated hydrochloric acid, boiled to expel sulphur dioxide, 
cooled, and extracted three times with chloroform. The extract, 
after being dried with sodium sulphate and distilled, yielded dark 
red needles (1-7 g.), which were recrystallised from ethyl alcohol. 
6 : 7-Dimethoxyisatin forms orange needles, m. p. 212—213° (Found : 
C, 58-1; H, 4:5; N, 6-6; MeO, 29-1. C,9H,O,N requires C, 58-0; 
H, 4:3; N, 6-8; 2MeO, 29-9%), which are readily soluble in acetone 
and chloroform, but less readily soluble in benzene and ether. It is 
insoluble in cold aqueous sodium carbonate, but in aqueous sodium 
hydroxide forms a crimson solution, which becomes pale yellow in 
a few minutes. The isatin is regenerated by acidification and 
boiling. With concentrated sulphuric acid, an orange colour is 
developed, which becomes green or greenish-blue when the solution 
is shaken with thiophen. 

The semicarbazone was formed when a mixture of dimethoxyisatin 
(1:5 g.), semicarbazide hydrochloride (0-81 g.), an excess of sodium 
acetate, and alcohol (15 c.c.) was warmed on the steam-bath for 
5 minutes, and mixed with water. The precipitate crystallised from 
alcohol or dilute acetic acid in small yellow needles, m. p. 254° 
(decomp.) (Found in material dried at 100°: N, 21-0. C,,H,,0,N, 
requires N, 21-2%), which dissolve sparingly in the usual solvents 
and form an orange solution in aqueous sodium hydroxide. 

The precipitate of benzoic and aminoveratric acids (see above) 
was dried in a vacuum desiccator and crystallised from benzene. 
2-Aminoveratric acid, which is sparingly soluble in benzene, separ- 
ated, and was crystallised first from water and then again from 
benzene, being obtained in colourless flat needles, m. p. 184° (Found : 
C, 54-9; H, 5-6. Cale. for C,H,,0,N: C, 54-8; H, 5-6%). The 
colour developed with alcoholic ferric chloride was reddish-brown, 
and the presence of a primary aromatic amino-group was shown by 
diazotisation and coupling with 6-naphthol to form a scarlet azo-dye. 

The acetyl derivative, prepared by warming the acid for a short 
time with acetic anhydride and crystallising the product from 
alcohol or acetone, melted at 191°, and there was no depression of 
the melting points of this derivative and of the amino-acid itself 
when respectively mixed with the compounds prepared as described 
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by Pschorr and Sumuleanu (Ber., 1899, 32, 3405; compare Kiihn, 
Ber., 1895, 28, 810). 

6 : 7-Dimethoxydioxindole.—Dimethoxyisatin (3-4 g.) in boiling 
water (150 c.c.) was reduced by sodium hydrosulphite (10 g.), and 
the pale yellow filtered solution cooled. The product, which separ. 
ated in a crystalline condition, was recrystallised (charcoal) from 
water, giving colourless leaflets, m. p. 200° (decomp.) after softening 
from 170° (Found: C, 57-4; H, 5-4. Cy .9H,,0,N requires C, 57-4; 
H, 5-3%). 

6 : 7-Dimethoxyoxindole (XI).—Dimethoxydioxindole (2-0 g,), 
mixed with alcohol (10 c.c.), sodium bicarbonate (0-5 g.), and water 
(45 c.c.), was reduced by the gradual addition of sodium amalgam 
(35 g. of 4%) while a current of carbon dioxide was passed into the 
liquid. After remaining over-night, the precipitate was collected 
and extracted with ether, the solvent evaporated, and the residue 
crystallised twice from water, giving colourless needles, m. p. 
192—193°, moderately easily soluble in alcohol (Found: C, 62:3; 
H, 5-8. Cy9H,,0O,N requires C, 62-2; H, 5-7%). 

2-Amino-3 : 4-dimethoxyphenylacetic Acid (XII).—The fact that 
o-aminophenylacetic acid is stable under the correct conditions was 
noted by Neber (Ber., 1922, 55, 826), and we have employed a 
similar method in the present instance. A solution of 2-nitro- 
3 : 4-dimethoxyphenylacetic acid (Kay and Pictet, J., 1913, 103, 
947) (1-0 g.) in dilute aqueous ammonia (30 c.c.) was added to a 
reducing mixture previously prepared from ferrous sulphate (10-5 g.) 
in water (100 c.c.) and aqueous ammonia (10 c.c.; d 0-880). The 
whole was heated on the steam-bath for 45 minutes, mixed with a 
little norite to aid filtration, and the liquid filtered while hot. After 
the clear filtrate had been evaporated to a small volume on the 
steam-bath, the amino-acid separated in needles, or was extracted 
by ether, when the solution was cold; recrystallised from water, it 
formed colourless needles, m. p. 154° (efferv.) (Found in material 
dried at 100° for 15 minutes : C, 57-0; H, 6-1. C,9H,,0,N requires 
C, 56-9; H, 6-1%). It was readily soluble in cold sodium bicarbon- 
ate solution, and gave a diazonium derivative which coupled with 
8-naphthol in alkaline solution. When the acid was heated in a 
sulphuric acid bath at 160°, vigorous effervescence took place, and 
the melt immediately crystallised in needles, which, recrystallised 
from water, melted at 192—193° and were identical in every way 
with the dimethoxyoxindole prepared by the reduction of dimethoxy- 
isatin. 

The reduction of nitrodimethoxyphenylacetic acid was also 
effected by means of tin and hydrochloric acid, with the result that 
dimethoxyoxindole (analysis and m. p.) was produced. 
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2-Nitro-3 : 4-dimethoxymandelic Acid (X).—2-Nitroveratraldehyde 
(22 g.) was mixed with glacial acetic acid (175 c.c.) and finely 
powdered potassium cyanide (25 g.) gradually added with cooling 
in melting ice. The mixture was allowed to reach room temperature 
and to remain for 4 days, during which time the aldehyde gradually 
passed into solution. Addition of water to the reaction mixture 
produced a faintly yellow precipitate ; this was isolated and heated 
with hydrochloric acid (100 ¢.c.) on the steam-bath until completely 
decomposed. On addition of water (200 ¢.c.), a yellowish-green 
product separated, which crystallised from water in granular crystals, 
m. p. 127° (yield, 15 g.) (Found: C, 47-1; H, 4:6. C,9H,,0,N 
requires C, 46-7; H, 4:3%). The acid is moderately readily soluble 
in acetic acid, alcohol, or hot water and only slightly soluble in cold 
water. 

Reduction of 2-Nitro-3 : 4-dimethoxymandelie Acid with Sodiwm 
Amalgam.—The acid (3-8 g.) was suspended in water (100 c.c.), and 
sodium amalgam (48 g. of 5%) added in small portions with cooling ; 
the acid slowly dissolved to a faintly yellow solution. When the 
evolution of hydrogen ceased, the solution was acidified with hydro- 
chloric acid ; a yellow crystalline substance separated. On recrystal- 
lisation from water, it was obtained in faintly yellow plates, m. p. 
178° (decomp.) (Found: C, 54-2, 53-8; H, 4:2, 3-7. C,H,O;N 
requires C, 53-8; H, 40%). This substance is soluble in aqueous 
alkalis but insoluble in acids. It is rather readily soluble in hot 
water and alcohol, and separates again on cooling. From its proper- 
ties, it was concluded that the substance was an azobenzenedicarb- 
oxylic acid of the formula C,9H,,0,9N., but this is uncertain and 
provisional. After removal of this substance by filtration, the acid 
solution was extracted with ether. The ethereal solution was 
dried and evaporated; the reddish-yellow residue crystallised from 
alcohol in needles which, alone or mixed with a specimen of 6 : 7-di- 
methoxyisatin prepared as above from the azlactone, melted at 212° 
(Found : ©, 57-6; H, 46%). 

(D) 6-Aminopiperonal.—The details given by Rilliet and Kreit- 
mann (Helv. Chim. Acta, 1921, 4, 588) for the preparation of this 
substance were followed. 6-Nitropiperonal (800 g.) gave 6-nitro- 
piperonylidene-p-toluidine (930 g.), 6-aminopiperonylidene-p- 
toluidine (437 g.), and 6-aminopiperonal (150 g.). In the first stage, 
nitropiperonal was worked up in 200-g. quantities; in the second, 
96 g. of nitropiperonylidene-p-toluidine were used in each operation. 
By concentrating the aqueous solutions (total volume, 66 1.) from 
which the aminopiperonal separated, the yield was considerably 
augmented. 

3 : 4-Methylenedionyquindoline (XIII)—The indoxyl content of 
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the technical indoxy] fusion used in this preparation was found to be 
about 15%. 

6-Aminopiperonal (59-2 g.) was dissolved in aqueous ethyl alcoho] 
(500 c.c. of 95%) in a flask provided with a reflux condenser and 
kept filled with coal gas ; technical indoxy] fusion (264 g., containing 
39-6 g. of indoxyl) was quickly added, and the whole boiled with 
frequent shaking for 4 hours. During the reaction, the product, 
which was probably aminopiperonylideneindoxyl, separated from 
the solution, and finally, after cooling, it was collected, washed 
thoroughly with water, and dried. Addition of water to the green 
alcoholic filtrate furnished a further small quantity. The product 
was now boiled with glacial acetic acid for 3 hours, the resulting 
solution mixed with a little water, insufficient to cause precipitation, 
and filtered, and the filtrate basified with sodium hydroxide. The 
precipitated base was collected and extracted with boiling nitro- 
benzene and the yellow product separating from the filtered dark. 
coloured extract was collected, washed with ether, and dried. Asa 
small quantity of the base remained in the nitrobenzene, the com. 
bined filtrates from several preparations (total volume, 4 1.) were 
steam-distilled. The solid residue was dissolved in hot glacial acetic 
acid and purified as described above. 120 G. of 6-aminopiperonal 
(theoretical quantity + 15 g.) and 564 g. of technical indoxy] fusion 
(84-6 g. of indoxyl) gave 150 g. of 3 : 4-methylenedioxyquindoline. 
Crystallisation from toluene and then from pyridine gave the pure 
base in light yellow prisms, m. p. 280° (Found: C, 73-3; H, 3:8. 
©, gH 90,N, requires C, 73-3; H, 3-8%). It is readily soluble in hot 
pyridine or nitrobenzene, moderately readily soluble in hot toluene, 
xylene and alcohol, and sparingly soluble in hot benzene and light 
petroleum. The alcoholic solution exhibits a violet fluorescence. 

Addition of dilute hydrochloric or sulphuric acid to the dilute 
acetic acid solution of the base precipitated the corresponding 
yellow, sparingly soluble salt. The yellow solution in concentrated 
sulphuric acid had a blue fluorescence and, when diluted with water, 
gave a yellow precipitate whose solubility in aqueous alkali indicated 
sulphonation. 

The methosulphate is soluble in hot water, but insoluble in the 
cold solvent. Its behaviour resembles that of quindoline metho- 
sulphate (Armit and Robinson, J., 1922, 421, 827) in that it gives 
with aqueous alkali a sandy red methohydroxide and no anhydron- 
ium base soluble in neutral organic solvents. 

Oxidation of 3:4-Methylenedioxyquindoline. Formation of an 
Acid, C,,.Hj90,N. (possibly XIV).—Rapid oxidation occurred when 
chromic acid was added to a boiling glacial acetic acid solution of 
the base; in the experiments performed, the quantity of chromic 
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acid employed varied from the amount necessary for the formation 
of 8-carbolinedicarboxylic acid to three times this amount. Only 
attempts involving the use of the minimum of chromic acid had any 
measure of success. 

Chromic acid (11 g.) in water (11 ¢.c.) was very slowly added during 
1} hours to a boiling solution of 3 : 4-methylenedioxyquindoline 
(5 g.) in glacial acetic acid (100 c.c.), and the reaction was continued 
for} hour. The mixture, after dilution with water, was evaporated 
to dryness to remove all the acetic acid, and chromium was elimin- 
ated from a solution of the residue by means of ammonia. The 
yellow filtrate and washings were concentrated until inorganic salts 
separated from the hot solution (15 c.c.), which was then acidified 
to Congo-red. After remaining over-night, the solid was collected, 
washed with water, and extracted with aqueous sodium bicarbonate ; 
the filtered yellow solution was acidified with acetic acid, and the 
white precipitate collected (0-15 g.). The acid crystallised from 
nitrobenzene in clumps of fine microscopic needles, m. p. 312° 
(decomp.) (Found in material dried in a vacuum desiccator for 3 days: 
0, 58-9; H, 3-6; N, 8-5, 8-8, 86; loss at 105°, inappreciable. 
Ci gH pOgNe requires C, 58-9; H, 3-1; N, 8-6%). 

This acid is insoluble in water, alcohol, toluene, and xylene, 
moderately easily soluble in hot nitrobenzene, and very readily 
soluble in pyridine. Its solution in cold dilute aqueous sodium 
bicarbonate, when acidified with acetic acid, deposits microscopic 
diamond-shaped tablets. It does not appear to possess any pro- 
nounced basic properties, being insoluble in dilute acetic acid and 
10% hydrochloric acid. Although soluble in hot glacial acetic acid, 
it separates on cooling. The material, however, seemed to be very 
slightly soluble in hot, moderately concentrated hydrochloric acid, 
separating when allowed to cool. It does not give the colour 
reaction with ferrous sulphate characteristic of pyridine-«-carboxylic 
acids. 

10-Nitro-3 : 4-methylenedioxyquindoline (XV).—Finely powdered 
3: 4-methylenedioxyquindoline (5-0 g.) was gradually added to 
concentrated nitrie acid (100 c.c.; d 1-42) with good stirring and 
cooling in running water ; the mixture was then frequently triturated 
during 14 hours. The thin yellow paste of the nitrate was slowly 
replaced by a thick orange paste, containing a voluminous crystalline 
solid, which was collected after the addition of water. Cold dilute 
sodium hydroxide solution was added to an aqueous suspension of 
this nitrate, and the resulting base isolated and dried at 105° (5-8 g.). 
It was readily soluble in nitrobenzene, from which it crystallised in 
microscopic red needles (Found: C, 62:3; H, 3:1. C,gH,O,N, 
requires C, 62-5; H,2-9%). Heated to 360°, it decomposed but did 
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not melt, and the following colour changes were observed: 250°, 
change from red to yellow; 301°, light brown; 314°, medium brown; 
325°, medium to dark brown; 344°, very dark brown. 

The base is insoluble in alcohol and xylene, but easily soluble in 
pyridine. Concentrated sulphuric acid gave a red solution, and 
addition of water precipitated the yellow sulphate of the base; 
addition of alkali to the diluted solution liberated the free base, s0 
that sulphonation had not occurred. Although the base is insoluble 
in aqueous alkalis, it is moderately easily soluble in cold alcoholic 
alkali, yielding a crimson solntion ; boiling ethyl-aleoholic potassium 
hydroxide does not affect it. The base is sparingly soluble in hot 
dilute acetic acid, and only slightly soluble in hot glacial acetic acid; 
needles are deposited from the latter solution on cooling. 

The base was oxidised when chromic acid was added to its suspen- 
sion and solution in boiling glacial acetic acid, but only unchanged 
material, in the form of a very sparingly soluble chromate, could be 
isolated. Subsequent to conversion of this chromate into the free 
base, followed by drying and weighing, it was observed that the 
amount of chromic acid necessary to oxidise the nitromethylene- 
dioxyquindoline which had disappeared to carbon dioxide and 
water corresponded approximately to the quantity of chromic acid 
used. 

Whereas boiling 29% nitric acid did not appear to cause appre- 
ciable oxidation, boiling 47% nitric acid gave minute quantities of 
a product having properties identical with those exhibited by the 
material arising from the interaction of hot 29% or 47% nitric acid 
and 3 : 4-dihydroxyquindoline (below). 

3 : 4-Dihydroxyquindoline (XV1).—A mixture of 3 : 4-methylene- 
dioxyquindoline (3-0 g.), phenol (40 g.), resorcinol (5 g.), and hydriodic 
acid (30 g.; d 1-7) was boiled for 9 hours and subsequently steam 
distilled to remove phenol. The cooled residue was then made 
alkaline with sodium hydroxide and shaken for a few minutes, and 
the liquid filtered, leaving unchanged 3 : 4-methylenedioxyquindoline 
(1-7g.). The filtrate and aqueous washings were acidified with dilute 
sulphuric acid; the sulphate of 3 : 4-dihydroxyquindoline was then 
precipitated (2-0 g.). 

Owing to the unsatisfactory yield, this process was superseded by 
an application of the method of Spith and Lang (Ber., 1921, 54, 
3071), which gave consistently good results. 

3 : 4-Methylenedioxyquindoline (5 g.), along with potassium 
hydroxide (5 g.) and methy] alcohol (25 ¢.c.), was heated at 180—190° 
for 8 hours in an evacuated sealed tube. The product generally 
consisted of a clear brown liquid ; in a few instances, small quantities 
of unchanged base were also present. The contents of the tubes 
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were diluted with water and filtered, giving a brown solution having 
a green fluorescence (all operations in which the reaction product 
came into contact with the air were carried out as quickly as possible, 
in order to avoid oxidation); this was acidified with dilute sulphuric 
acid, and the precipitated sulphate, after collection, was extracted 
with about 5 1. of boiling dilute sulphuric acid. The filtered extracts, 
on cooling, deposited the sulphate ir a flocculent condition. After 
separation, it was treated with dilute aqueous sodium hydroxide, 
followed as quickly as possible by addition of hydrochloric acid to 
the filtered alkaline extract. The precipitated yellow hydrochloride 
was collected and dissolved in the minimum quantity of boiling 
ethylaleohol. On cooling, the filtered red alcoholic solution deposited 
a little solid; this was removed, and the resulting solution concen- 
trated to a small volume. The hydrochloride which separated was 
purified by solution in hot water, addition of hydrochloric acid, and 
crystallisation of the precipitated hydrochloride from ethyl alcohol. 
as before. The yellow elongated prisms did not melt at 308°, but 
darkened from 273° (Found: C, 54:1; H, 5-0; loss at 105—110°, 
13-7. C1 3H 9O,N,,HC1L2$H,O requires C, 543; H, 48; H,O, 
13-6%). 

The hydrochloride is easily soluble in water, moderately easily 
soluble in alcohol, and practically insoluble in cold dilute hydro- 
chloric acid; the alcoholic solution exhibits a green fluorescence. 
The anhydrous hydrochloride is very hygroscopic. 

The sulphate is practically insoluble in water and alcohol; the 
solutions nevertheless exhibit a green fluorescence. It is slightly 
soluble in hot dilute sulphuric acid. When heated, the colour, 
originally light brown, became dark crimson; decomposition with 
frothing oceurred at 268°. 

Owing to the ease with which it is oxidised, the free base was not 
isolated in a pure condition. By saturation of an alkaline solution 
with carbon dioxide, it was precipitated as a brown gelatinous mass, 
quickly darkening through oxidation; this material, after collection, 
and washing in turn with water, boiling ethyl alcohol, and ether, 
was a yellow solid. It was practically insoluble in xylene, sparingly 
soluble in aleohol, easily soluble in pyridine, and moderately easily 
soluble in nitrobenzene. 

7-Nitro-8-carboline-3-carboxylic Acid (XVII).—The oxidation of 
3: 4-dihydroxyquindoline was effected in various ways, but the 
only promising method was that involving the use of nitric acid 
(29% or 47%). The following is a typical experiment. 

3 : 4-Dihydroxyquindoline (from 5 g. of methylenedioxyquindoline) 
was heated on the steam-bath with 29% nitric acid (135 c.c. of water 
and 67:5 c.c. of nitric acid, d 1-42) for 4 hour; a vigorous reaction 
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then occurred, and finally the reddish solution, containing tar, was 
boiled for 40 minutes. The filtered liquid was cooled and rendered 
alkaline with sodium hydroxide; a yellowish solid was then pre. 
cipitated and redissolved. After filtering, the crimson solution was 
acidified with acetic acid and (instead of being kept, whereby a 
solid [A] would have been deposited) boiled for 2 hours, cooled, and 
kept over-night. The solid which had separated was collected and 
dried at 100°. The heterogeneous products arising from the above 
and seven similar experiments were mixed and boiled with glacial 
acetic acid (200 c.c.) for 9 hours. The extract, filtered while hot, 
deposited, on cooling, a considerable quantity of a yellowish solid, 
consisting of the required material and the majority of the impurity; 
the residue was subjected five times to this process of boiling with 
glacial acetic acid (350 c.c.) for 9 hours, followed by filtration. The 
acetic acid solutions were diluted with water, and the precipitated 
solid, after collection, washing with water, and drying, was extracted 
with boiling nitrobenzene. The hot filtrate initially deposited a 
white solid on cooling, but, on further cooling, a transparent gela- 
tinous material, soluble in warm nitrobenzene, separated. After 
24 hours, the mixture was slowly heated with shaking, in order to 
dissolve the jelly, and then slowly cooled to 60° and filtered, the solid 
insoluble at this temperature thus being removed. The yellowish 
material deposited from the first hot glacial acetic acid extract was 
purified in the same way. Recrystallisation from nitrobenzene gave 
very pale yellow, microscopic needles, melting after previous darken- 
ing and softening at 338—339° (decomp.); 50 g. of 3 : 4-methylene- 
dioxyquindoline gave 4-75 g. of this acid. 

The specimen analysed was obtained in the first experiment per- 
formed, in which the solid (A), previously mentioned, was isolated 
with a view to attempt its purification. This was insoluble in ben- 
zene, toluene, xylene, acetone, nitrobenzene, quinoline, and ethyl 
alcohol. It was easily soluble in hot water and hot very dilute 
acetic acid, and in aqueous alkalis to crimson solutions; it was 
soluble in cold aqueous sodium carbonate. Its aqueous solution 
with ferrous sulphate gave a reddish precipitate, so the substance 
was probably a pyridine-«-carboxylic acid. Repeated attempts to 
crystallise it from very dilute acetic acid and also from aqueous 
alcohol resulted in the deposition of a yellow gelatinous solid, retain- 
ing the properties described above. During the attempts to purify 
it by means of dilute acetic acid, however, it was observed that a 
material was being produced which was insoluble in water and 
dilute acetic acid but crystallisable from nitrobenzene and identical 
with the substance, m. p. 338—339° (decomp.), prepared as described 
above. This was crystallised from nitrobenzene, washed with ether, 
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and dried at 105° (Found: C, 55-7; H, 2-8; N, 16-0. C,,H,O,N; 
requires C, 56-0; H, 2-7; N, 16:3%). 

There is little doubt that the gelatinous material (A) consists 
essentially of 7-nitro-3-carboline-3 : 4-dicarboxylic acid. The 
attempts to purify the intermediate dicarboxylic acid were aban- 
doned because of its easy decomposition and the small yields obtained 
in the preparation. 

7-Nitro-8-carboline-3-carboxylic acid is very slightly soluble in hot 
water, insoluble in cold, and very sparingly soluble in aicohol. It 
is moderately readily soluble in boiling nitrobenzene and easily 
soluble in hot quinoline; from the latter solvent, clusters of fine 
microscopic needles slowly separate after cooling. The acid appears 
to possess feebly basic properties. Aqueous alkalis give reddish 
solutions and aqueous ammonia a golden-yellow solution. The acid 
is insoluble in hot and cold dilute acetic acid, but is moderately 
readily soluble in hot glacial acetic acid, needles separating on 
cooling; further, it is moderately easily soluble in hot dilute hydro- 
chloric acid to a yellow solution, from which needles separate on 
keeping. The acid gives no reaction with aqueous ferrous sulphate, 
a fact which is in harmony with the theory of its formation from 
the gelatinous acid (A). On reduction on the steam-bath with 
ferrous sulphate and ammonia in very dilute solution, a very spar- 
ingly soluble substance was isolated ; this crystallised from pyridine 
in light brown, microscopic needles, which darkened but did not melt 
at 360° (Found: N, 18-0, 17-8. C,,H,,0O;N, requires N, 18-0%). 
This substance is practically insoluble in benzene and xylene, spar- 
ingly soluble in ethyl alcohol, methyl alcohol, and nitrobenzene, 
slightly soluble in glacial acetic acid and water, and moderately 
readily soluble in pyridine and hot phenol. It dissolves in aqueous 
sodium carbonate, ammonia, and also in dilute hydrochloric acid 
and in hot dilute sulphuric acid; on cooling, the sulphate is partly 
deposited as an orange-coloured solid. This sulphate was collected, 
washed, and boiled with water; it then dissolved, but, after cooling, 
a flocculent yellowish precipitate of the free base separated, the weak 
basic properties of the material being demonstrated in this way. 

Attempts were made to diazotise the substance, but no evidence 
of the presence of a primary aromatic amino-group was forthcoming. 
Its properties lead to the conclusion that it is 7-azoxy-8-carboline- 
3-carboaylic acid. 
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CCCXCVI.—Harmine and Harmaline. Part X. The 
Synthesis of 7- and 8-Methoxyketotetrahydro-p. 
carbolines and the Constitution of Acetylharmaline, 


By Hersert 8. Boyp Barrert, (the late) Wmi14am Henry 
PERKIN, jun., and Roprert Rosrson. 


NisHIkAWA, PERKIN, and Ropinson (Part VIII, J., 1924, 125, 657) 
concluded that acetylharmaline must have the formula (I), since, on 
oxidation with permanganate in acetone, it yielded a neutral 
substance C,,H,,0,N, (replacement of CH, by 0). 

On hydrolysis with alcoholic potassium hydroxide, an amino- 
acid, C,,H,,0,;N,, and a well-characterised, neutral substance, 
C,,H,.0,N,, were isolated; the constitution (II) was assigned to 
the latter. 


H, —> \CH, —» 
N-COMe N-COMe Me 
-CH, XO 
(II.) 

The correctness of this view has now been confirmed by the synthesis 
of the substance (II), and thus there can be no doubt that acetyl. 
harmaline must be represented, as already suggested, by the 
expression (I). : 

The synthesis of (IL) was effected by an application of the method 
of Manske and Robinson (J., 1927, 240) for the preparation of a 
ketotetrahydrocarboline. In order to gain experience, a preliminary 
investigation of an isomeric series was made. 

The p-methoxyphenylhydrazone of ethyl hydrogen «-ketoadipate, 
MeO-C,H,-NH-N:C(CO,Et)-[CH,],°CO,H, derived from the coupling 
of ethyl cyclopentanonecarboxylate with p-methoxybenzenedi- 
azonium chloride in alkaline solution, was transformed, by boiling 
alcoholic sulphuric acid, into ethyl §-2-carbethoxy-5-methoxyindole- 
3-propionate (III). The dicarboxylic acid obtained on hydrolysis 
lost carbon dioxide on heating, with formation of 8-5-methoxyindole. 
3-propionic acid (IV). 


MeO CH,-CH,CO,Et M CH,-CH,CO,H 
(III.) Et “a (IV.) 


The hydrazide of (IV) gave rise to an azide (V), from which the 
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ketotetrahydrocarboline (VI) was obtained by the action of hydrogen 
chloride in chloroform-toluene solution. 


CH, CH, CH, 


MeO, CH, _,” \CH, _, MeO, H, 
CON, NCO NH 
H 


NH +N, 
(V.) (VI.) 

The properties of (VI) are very different from those of the harm- 
aline derivative (II), and this fact is of considerable interest, because 
the methoxy-group is in the position in which it occurs in the indole 
nucleus of physostigmine (Barger and Stedman; M. and M. Polo- 
nowski; Spath). Thus, the proofs of identity of synthetical 6-meth- 
oxyindole derivatives with members of the harmala group are now 
supplemented for the first time by a proof of non-identity of a 
5-methoxyindole derivative with an appropriate degradation 
product of harmaline. 

Starting with m-anisidine and proceeding as already described, 
except that the indole ring was closed by the agency of hydrogen 
chloride in alcoholic solution, we ultimately obtained 2-keto-8- 
methoxytetrahydro-B-carboline.* This proved to be identical with 
the above-mentioned harmaline derivative, C,,H,,.0,N., to which 
the constitution (II) was allotted. 


EXPERIMENTAL. 

p-Methoxyphenylhydrazone of Ethyl Hydrogen «-Ketoadipate.—A 
diazonium solution was prepared from p-anisidine (51 g.), concen- 
trated hydrochloric acid (100 c.c.), ice (200 g.), and sodium nitrite 
(28 ¢.): potassium hydroxide (48 g.) was dissolved in water (600 c.c.). 
One half of the latter solution was shaken with ethyl cyclopentanone- 
carboxylate (63 g.), and a small volume of the undissolved oil taken 
upin benzene. The aqueous layer was added to crushed ice (400 g.), 
and the benzene layer shaken with the remainder of the alkali. 
About half of the diazo-solution was then added to the solution of 
the ester, and one minute later the rest of the alkali, followed by 
the second half of the diazo-solution, was introduced. After 5 
minutes, concentrated hydrochloric acid (100 c.c.) was added, and 
the sticky precipitate was repeatedly washed by decantation and 
then dried. Great difficulty was experienced in crystallising this 
hydrazone, but ultimately it was obtained in clusters of light yellow 
needles, m. p. 97° (Found: N, 91. C,H, 90;N, requires N, 9-1%), 
from light petroleum, in which it was sparingly soluble in the cold, 

* For the nomenclature of the carbolines, see Gulland, Robinson, Scott, 
and Thornley (preceding paper). 
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Ethyl 8-2-Carbethoxy-5-methoxyindole-3-propionate _ (II1).—The 
crude methoxyphenylhydrazone (90 g.), prepared as described in 
the last section, was mixed with alcohol (190 c.c.) and concentrated 
sulphuric acid (28 c.c.), and the whole refluxed for 24 hours. The 
mixture was diluted with water, and the product collected, dried, 
and distilled, b. p. 230—240°/1 mm. (yield, 31 g.). This este 
crystallised from alcohol in stout, colourless needles, m. p. 110° 
(Found : C, 63-8; H, 6-9. C,,H,,0;N requires C, 63-9; H, 6-6%), 
It is sparingly soluble in cold ethyl alcohol and readily soluble in 
benzene, ether, and ethyl acetate. On hydrolysis with 10% alco. 
holic sodium hydroxide and subsequent isolation in the usual manner, 
§-2-carboxy-5-methoxyindole-3-propionic acid was readily obtained; 
it crystallised from water in colourless prisms, m. p. 225° (decomp.). 
It is readily soluble in alcohol, ether, and benzene. 

B-5-Methoxyindole-3-propionic Acid (IV).—The decomposition 
of the foregoing dicarboxylic acid was most conveniently effected 
by heating in diphenylamine solution until evolution of carbon 
dioxide ceased. The monocarboxylic acid crystallised from water, 
containing a little alcohol, in colourless rectangular plates, m. p. 136° 
(yield, 7 g. from 10 g.) (Found: C, 65-7; H, 6-2. C,,H,,0,N 
requires C, 65-8; H, 5-9%). It is readily soluble in alcohol and 
benzene, and moderately readily soluble in hot water. The methyl 
ester (5 g.) separated from a cold solution of the acid (7 g.) in pure 
methyl alcohol containing 10% of hydrogen chloride. The solid 
was collected, washed with aqueous sodium carbonate and water, 
and dried ; it crystallised from aqueous methyl alcohol in colourless 
plates, m. p. 100° (Found: C, 67-1; H, 7-0. C,3H,;0,N requires 
C, 67-0; H, 65%). This ester is readily soluble in alcohol, benzene, 
and light petroleum, but is insoluble in water. With p-dimethyl- 
aminobenzaldehyde in aqueous-alcoholic hydrochloric acid solution, 
it gives a magenta coloration, especially on heating. The appearance 
of the coloration in the cold was only noted when the concentration 
of hydrochloric acid exceeded a certain value. 

The hydrazide, MeO-C,H,-C,H,N-CH,-CH,-CO-NH-NH,, was 
obtained by heating a mixture of the methyl ester (12 g.) and 
hydrazine hydrate (5 g. of 95%) at 150°. The product (10 g)) 
crystallised from alcohol in colourless prisms, m. p. 146° (Found: 
N, 18-3. C,,H,;0O,N, requires N, 18-0%). This derivative is 
moderately readily soluble in alcohol, ether or benzene and also in 
hot water, separating on cooling. 

2-Keto-7-methoxy-2 : 3:4: 5-tetrahydro-8-carboline (VI).— 
8-5-Methoxyindole-3-propionhydrazide (2 g.) was dissolved in 
acetic acid (15 c.c.) and water (20 c.c.); ice (50 g.) and sodium 
nitrite (1 g. in 10 c.c. of water) were added. The liquid became 
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milky, and in a few minutes pasty, owing to the separation of the 
yellow crystalline azide (V). This was collected, washed with water, 
drained as far as possible, and dissolved in cold chloroform (50 c.c.). 
The solution was dried by calcium chloride and filtered, and the filter 
washed with toluene (75 c.c.); the liquid was then warmed gently 
until evolution of nitrogen slackened, and finally boiled for $ hour 
after the gas evolution ceased. Dry hydrogen chloride was passed 
for 2 minutes through the hot solution, which was then boiled, and 
the gas passed through for 1 minute. The solution was boiled again 
and cooled at once; crystals then separated. These were collected 
and dissolved in acetic acid (charcoal); on addition of hot water to 
the filtered solution, the carboline gradually separated. It crystal- 
lised from much ethyl acetate in pointed hexagonal prisms, m. p. 
280° (Found: C, 66-4; H, 54; N, 12-9. C,,H,,0O,N, requires 
C, 66-7; H, 5-6; N, 129%). The ketohydrocarboline dissolves in 
concentrated sulphuric acid to an orange-yellow solution, exhibiting 
a characteristic green fluorescence; on warming, the colour fades 
almost completely, and later the solution turns brown. It is slightly 
soluble in hot water, and sparingly soluble in most organic solvents 
except acetic acid, from a solution in which it is not immediately 
precipitated by water. The colour of the yellow solution in concen- 
trated hydrochloric acid is discharged on addition of water, and 
the substance is immediately precipitated. 

Ethyl 8-2-Carbethoxy-6-methoxyindole-3-propionate (analogous to 
IIl)—The coupling of m-methoxybenzenediazonium chloride with 
ethyl cyclopentanonecarboxylate was like that of the p-derivative, 
and, on the same scale, 90 g. of a crude methoxyphenylhydrazone 
were obtained. The substance was not crystallised, but the whole 
was dissolved in alcohol (150 c.c.), and the solution saturated with 
hydrogen chloride and kept in a well-closed vessel over-night. The 
vacuum-distilled ester (20 g.) crystallised from alcohol in colourless 
plates, m. p. 109° (Found: C, 63-9; H, 7-3. C,,H,,0;N requires 
C, 63-9; H, 6-6%); the solubilities and other properties were similar 
to those of the isomeride (above). On hydrolysis with 10% alcoholic 
sodium hydroxide and subsequent isolation of the acid, 8-2-carbory- 
6-methoxyindole-3-propionic acid, which crystallised from water, 
containing acetic acid, in long, colourless, prismatic needles, m. p. 
221° (decomp.) (Found: C, 58-9; H, 5-0. C,3H,,0;N requires 
C, 59°3; H, 5-1%), was obtained. The substance is moderately 
readily soluble in alcohol, acetone, and acetic acid. 

§-6-Methoxyindole-3-propionic Acid, 

MeO-C,H;.C,H,N-CH,°CH,°CO,H. 
—When the dicarboxylic acid was heated to 220°, it suffered smooth 
decomposition. The resulting monocarboxylic acid crystallised 
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from water in colourless rhombic plates, m. p. 165° (Found : C, 65:7. 
H, 6-1. C,.H,,0,;N requires C, 65°8; H, 5-9%). This acid js 
moderately readily soluble in most organic solvents ; it can be crystal. 
lised from methyl alcohol. The methyl ester could not be obtaine 
by the usual methods of esterification with acid catalysts but was 
readily prepared in excellent yield by the use of diazomethane i 
ethereal solution: it crystallised from methyl alcohol in thin 
colourless plates, m. p. 69° (Found: C, 67-3; H, 6-8. C,3H,,0,N 
requires C, 67-0; H, 65%). The reaction with p-dimethylamino. 
benzaldehyde in aqueous-alcoholic hydrochloric acid solution results 
in a deep greenish-blue coloration; this is produced much more 
readily, even in the cold, than the magenta coloration in the isomeric 
series, and it is remarkable that the influence of the change of position 
of the methoxy-group should be so pronounced. 

The hydrazide was obtained in the usual manner; it crystallised 
from water in colourless pearly plates, m. p. 143° (Found : N, 17-9. 
C,.H,,0,N; requires N, 18-0%). 

2-Keto-8-methoxy-2 : 3 : 4 : 5-tetrahydro-8-carboline (II).—This sub- 
stance was prepared from harmaline, as described by Nishikawa, 
Perkin, and Robinson (loc. cit.) (Specimen A). It was synthesised 
from the foregoing hydrazide as described for the isomeride, except 
that the solid that separated from the chloroform-toluene solution 
on the passage of hydrogen chloride was removed, and the filtrate 
again heated with further passage of the gas. The combined pre- 
cipitates were extracted with ether in a Soxhlet apparatus; the 
soluble portion crystallised from alcohol in colourless prisms 
(Specimen B), m. p. 198° (Found: C, 66-5; H, 5-7; N, 13:1. 
C,,H,,0,N, requires C, 66-7; H, 5-6; N, 129%). A mixture of 
specimens A and B also melted at 198°, and the reactions and other 
properties of the two specimens were identical. Especially charac- 
teristic was the behaviour with sulphuric acid: a greenish-yellow 
solution was momentarily produced, and this became pure yellow, 
but, unlike the isomeride, exhibited no fluorescence. On heating, 
the colour disappeared completely, and the solution then exhibited 
an intense violet fluorescence when observed in ultra-violet light; 
under these conditions, the isomeride still fluoresces green. On 
further heating, the colour changed through greenish-brown to 
bluish-red. 


The authors wish to thank the Royal Commissioners for the 
Exhibition of 1851 for a Scholarship which enabled one of them to 
take part in the investigation. 


University CoLttEeGnr, Lonpon. [Received, November Tth, 1929.) 
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CCCXCVII.—Attempts to find New Anti-malarials. 
Introduction by GrorGE BarGER and ROBERT 
Ropinson. Part I. Some Pyrroloquinoline 
Derivatives, 

By (Mrs.) GertrupE Maup Rosinson. 


Introduction. 

THE memoirs comprising this series will describe the purely chemical 
aspects of a chemotherapeutical investigation planned as a campaign 
against malaria. Publication of the related biological work, which 
has been undertaken by Dr. R. Scott Macfie and Dr. T. Keilin, 
F.R.S., will follow in another place, and the co-operation thus 
implied has been fostered by the Joint Committee on Chemotherapy 
formed by the Medical Research Council and the Department of 
Scientific and Industrial Research. 

The development follows three clues which are suggested by a 
consideration of the constitutions of (a) the cinchona alkaloids, (b) 
the harmala alkaloids, and (c) the synthetic compound known as 
plasmoquine or beprochin (Bayer). 

Comment on the quinine analogies is unnecessary, except to 
remark that plasmoquine itself was based on them in the first 
instance; it is now convenient to regard this drug as a new point 
of departure. When the present research was initiated, nothing 
more was known of the nature of plasmoquine than was implied by 
the maker’s description of the base as “a salt of alkylamino-6- 
methoxyquinoline.” Simple tests and comparisons, however, gave 
valuable further information, and, when the I. G. Farbenind. 
A.-G. (Arch. Schiff. Trop. Hyg., 1928, 32, 382; chemical details by 
Schulemann, Schénhéfer, and Wingler will be published later) 
published the statement that plasmoquine base is 8-(diethylamino- 
isopentylamino)-6-methoxyquinoline, it was found that some of 
the substances described in Part III (see p. 2959) were similarly 
constituted. 

The harmala analogy is based on the work of Gunn and 
Marshall (Proc. Roy. Soc. Edin., 1920, 15, 145), who gave indications 
that harmaline, although inferior to quinine, possessed curative 
value in acute malaria (50% of the cases), whilst harmine was value- 
less in acute malaria but prevented the recurrence of attacks in 
three cases of relapsing malaria in which the administration of quinine 
had been tried and had failed. 

In order to facilitate reference, the letters and numbers identifying 
specimens submitted for biological tests are given in the sequel in 
brackets following the names of new compounds. 

Tue Untversiry, EpInsuRGH, AND UNIverRsIry CoLtLEGE, LONDON. 
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Part I. 


Kogrntes AnD Futpe (Ber., 1927, 60, 2106) obtained a methyl. 
pyrindole by heating 3-acetamido-y-picoline with sodium ethoxide 
in a hydrogen atmosphere; it was sought to extend this method to 
the case of 3-acylamidoquinaldines (I), and so obtain derivatives of 
2 : 3-pyrrolo(4’ : 5’)-quinoline (IT). 


NH 
H-COR R 
N N 


This has been realised (R = H, Me, or Ph), but the conditions 
are critical, and the yields obtained were very poor until the device 
of mixing the materials with copper powder was adopted. This 
facilitated the conduction of heat and enabled the temperature of 
the mass to be rapidly and uniformly raised. The resulting bases 
contain the harmyrine nucleus with the benzene ring fused in a 
different position from that found in the harmala alkaloids, but, 
unlike the latter, they are quinoline derivatives, and it was thought 
that this might be advantageous from the chemotherapeutic stand- 


point. 


The behaviour of 2’-phenylpyrroloquinoline on methylation has 
been studied. Its methosulphate (III) is decomposed by sodium 
hydroxide in aqueous solution, with formation of a true anhydronium 
base (IV), an orange substance which could not be satisfactorily 
crystallised but was characterised by its analysis and properties. 


NH S. 
NY 
Ph A Spa ar 


(III.) 


NMe NMe 
SO,Me 
The behaviour of (IIT) is in marked contrast with that of quindoline 
methosulphate (V), which Armit and Robinson (J., 1922, 121, 827) 
were unable to convert into a base of the formula (VI). Evidently, 


the longer route traversed by the valency changes in this case hinders 
the formation of the anhydro-derivative. 


a \ x \ 
WA 
e NMe 


“SO,Me 
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EXPERIMENTAL. 

3-Formamidoquinaldine (I, R = H).—This amide was obtained 
in satisfactory yield when 3-aminoquinaldine (7 g.), accessible by 
the method of Lawson, Perkin, and Robinson (J., 1924, 125, 638), 
was boiled with anhydrous formic acid (40 g.) until a minute test- 
portion, added to water, exhibited no fluorescence (2—3 hours). 
Water (100 c.c.) was added, and the derivative precipitated by 
means of sodium carbonate (about 5 g.); it was purified by crystal- 
lisation (charcoal) from boiling water (150 c.c.). The substance 
crystallised from benzene in clusters of needles, and from water in 
long, colourless needles, m. p. 163° (Found: C, 70°9; H, 5-2; 
N, 14:8. ©,,H, ON, requires C, 71-0; H, 5-4; N, 15-1%). 

2 : 3-Pyrrolo(4’ : 5’)-quinoline (II, R = H).—The above formyl 
derivative shows a great tendency to give a sparingly soluble sodium 
salt, and difficulty was experienced in finding the correct procedure 
for its dehydration. Ultimately, the following conditions were 
adopted: A mixture of 3-formamidoquinaldine (2-0 g.), copper 
powder (2-0 g.), and dry sodium ethoxide (3-0 g.) was heated at 
270° for 20 minutes in hydrogen. The resulting base was isolated 
as described below for its homologue; it crystallised from ethyl 
acetate in clusters of cream-coloured leaflets, m. p. 226° (yield of 
pure product, 0-4 g.) (Found, in material dried at 120° in a high 
vacuum: ©, 78-6; H, 5:2. C,,H,N, requires C, 78-5; H, 4-8%). 
The alcoholic solution of this base is colourless and fluoresces blue, 
but the yellow acid solutions exhibit a green fluorescence. The 
hydrochloride’ crystallises in colourless needles and is sparingly 
soluble in water. 

3-Acetamidoquinaldine (I, R = Me).—3-Aminoquinaldine (10 g.) 
was acetylated by the addition of acetic anhydride (12 g.), the 
heat generated being sufficient to ensure the completion of the 
reaction. After isolation, the base was crystallised from benzene, 
and had m. p. 165° (Found : C, 72-0; H, 6-1. Cale. forC,,H,,ON,: 
C, 72-0; H, 60%). Stark had previously obtained this substance 
in an entirely different manner, and quotes the m. p. 164° (Ber., 
1907, 40, 3430). The hydrochloride (R. 2) crystallised from alcoholic 
hydrochloric acid in very pale yellow, elongated plates, m. p. 151°, 
after darkening at 149°. 

2 : 3-(2’-Methylpyrrolo)(4' : 5’)-quinoline (II, R = Me).—Many 
different condensing agents were tried without success in attempting 
the ring-closure of acetamidoquinaldine by dehydration. These 
included zine chloride, sodium in hot xylene, phosphoryl chloride, 
phosphoric anhydride, fused potassium acetate, and sodamide. 
It is, apparently, necessary to resort to the use of the following 
reagents. 

5G@ 
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An intimate mixture of 3-acetamidoquinaldine (2-0 g.), copper 
powder (2-0 g.), and freshly prepared, dry sodium ethoxide (3-0 ¢.) 
was rapidly heated to 260° and maintained at this temperature for 
15—20 minutes. The cooled mass was lixiviated with water and 
ammonia, and the mixed solids were collected and washed with a 
little hot water in order to eliminate unchanged acetamidogquinaldine 
and inorganic salts. The base was then extracted by means of hot, 
dilute hydrochloric acid, regenerated, and extracted by hot toluene. 
The residue (0-4 g.), after removal of the solvent, crystallised from 
benzene or from ethyl acetate in straw-coloured, elongated, flat 
prisms, m. p. 262°. Even after 4 hours at 100°, the base retains 
solvent of crystallisation (Found, in material dried at 120° in a high 
vacuum : C, 79-0; N, 5-8. C,,H,)N, requires C, 79-1; H, 5-5%). 
In general properties and fluorescence, this base closely resembles its 
lower homologue. 

3-Benzamidoquinaldine (I, R = Ph).—A practically quantitative 
yield of this base is obtained in the following manner. A mixture of 
aminoquinaldine (4-0 g.), glacial acetic acid (8-0 g.), and benzoyl 
chloride (8-0 g.) with an excess of potassium acetate, was gently 
heated until a diluted test-portion did not exhibit fluorescence. The 
mass was decomposed by means of ice-cold, aqueous sodium 
carbonate, and the solid was isolated and crystallised from benzene 
(charcoal). The derivative crystallises also from toluene, ethyl 
acetate, or acetone in colourless needles. These seem to contain 
solvent of crystallisation, for they soften on heating, harden again, 
and then melt at 161° (Found, in material dried at 120°: C, 77-7; 
H, 5-3; N, 10-3. C,,H,,ON, requires C, 77-9; H, 5-3; N, 10-7%). 

2 : 3-(2’-Phenylpyrrolo)(4’ : 5’)-quinoline (II, R = Ph).—The 
method was like that previously described, the crude product from 
2 g. of the benzamide being washed with 300 c.c. of boiling water. 
Extraction in this case by dilute hydrochloric acid was unsatis- 
factory, and boiling acetic acid (100 c.c.) was used. The isolated 
base (0-8 g.) crystallised from toluene in pale yellow, elongated, 
rhombic prisms, and from ethyl acetate in yellow needles, m. p. 
268° (Found, in material dried at 120° in a high vacuum: C, 83:6; 
H, 4-9; N, 11-3. C,,H,.N, requires C, 83-6; H, 4:9; N, 11-5%). 
As in other cases, a small quantity of an organo-copper compound 
was formed in the condensation reaction. The alcoholic solution 
has a purer blue fluorescence than in the two previous examples, 
and, as before, the yellow acid solutions exhibit a green fluorescence. 
The hydrochloride is extremely sparingly soluble, but the acetate 
(R. 18) is soluble in weak acetic acid solutions. This salt separates 
in yellow needles on slow evaporation of a solution of the base in 
glacial acetic acid in a desiccator over potassium hydroxide. It 





ROBINSON : ATTEMPTS TO FIND NEW ANTI-MALARIALS. 2951 


shrinks at 120° and melts at 130° but, on prolonged heating at 100°, 
is resolved into its components. 

The methosulphate was prepared in hot toluene solution, and 
crystallised from alcohol-ether in sheaves of glistening, canary- 
yellow needles, m. p. 345° (decomp.) (Found: 8, 8-7. C,.H,,0,N.S 
requires S, 8-7%). This salt crystallises from hot water in flocculent 
needles ; its yellow aqueous and alcoholic solutions exhibit an intense 
bluish-green fluorescence. 

Anhydro-2 : 3-(2'-phenylpyrrolo)(4' : 5’)-quinoline Methohydroxide 
(IV).—Addition of sodium hydroxide to a hot, aqueous solution of 
the above-described methosulphate gives a yellowish-orange preci- 
pitate which is soluble in neutral organic solvents to orange-yellow, 
non-fluorescent solutions. The base was extracted by hot toluene, 
and the solution dried by sodium hydroxide and concentrated by 
distillation in a vacuum. Light petroleum was then added, and, 
on keeping in a well-sealed flask in the ice-chest, an orange crust 
gradually separated. The substance slowly shrinks to a resin above 
100° and does not give a sharp m.p. It was dried at 120° in hydrogen 
(Found: C, 84-0; H, 5-6. C,,H,,N, requires C, 83-7; H, 5-4%). 
It dissolves in alcohol to a yellow, fluorescent solution evidently 
containing the related methohydroxide (or ethoxide), and in acid 
solutions the metho-salts are regenerated. When pure, dry methyl 
sulphate was added to a dry toluene solution, combination occurred 
immediately and a new methosulphate of the anhydro-base was 
precipitated in yellow needles. This methosulphate gives yellow 
solutions, exhibiting a striking greenish-blue fluorescence, but the 
addition of sodium hydroxide to its aqueous solutions either causes 
no apparent change or, in concentrated solutions, precipitates the 
methohydroxide. No toluene-soluble base was produced, and this 
experiment affords a sure proof of the correctness of the view of the 


orange base that has been suggested. 


The author wishes to thank Professor R. Robinson for his interest 
in the investigation. 


THE UNIVERSITY, MANCHESTER. 
University CoLLEGE, LonDoN. [Received, November 2nd, 1929.] 
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CCCXCVIII.—Atiempts to find New Anti-malarials, 
Part II. Aminoalkylquinolinium Salts and Some 
Related Substances. 


By TrRuvENTAKA RAJENDRA SESHADRI. 


GABRIEL (Ber., 1920, 53, 1985) obtained quaternary salts by the 
interaction of $-bromoethylphthalimide with pyridine and tri- 
methylamine, and the present communication describes the prepar- 
ation of similar derivatives of quinoline, 6-methoxyquinoline, and 
isoquinoline; moreover, y-bromopropylphthalimide has been 
employed in addition to the lower homologue. The types of sub- 
stance obtained in the course of the work are illustrated by 
following the case of y-phthalimidopropyl-6-methoxyquinolinium 
bromide (I). This, by the action of silver oxide and water, yields 
a betaine (II) which is hydrolysed by boiling concentrated hydro- 
chlorie acid, giving the quaternary chloride hydrochloride (Il). At 
150° in a sealed tube, demethylation occurs under the influence of 
concentrated hydrochloric acid. 


“Ot” ten 8 mE) OO, moe (III.) 
N 


Br{ (0 [CH,}yN«CO),  { (CH, NH: sit (CH, ],-NH, 


Oxidation of the carbinol-amines, corresponding to type (III), 
did not proceed smoothly, but the phthalimido-salts were easily 
transformed by ferricyanide in alkaline solution into quinolones 
of the type (IV) (compare Decker, J. pr. Chem., 1892, 45, 161). 


CH CH 
Med) _ (IV.) | a hin (V.) 


<~ CO,H \ 

[CH,],NH-CO-C,H, [CH,],-NH, } Cl 
The latter were readily hydrolysed by acids, yielding (V) and 
analogous salts, but the corresponding phthalimides obtained by 
heating the phthalamic acids were resistant to hydrolysis. 

It will serve to avoid repetitions in the experimental section to 
note that the quaternary bromides and chlorides were very hygro- 
scopic; they all tended to retain solvent of crystallisation at 100°. 
For analysis, the specimens were dried at 110° in a good vacuum, 
unless otherwise stated. 

When sodium hydroxide was added to an aqueous solution of 


a 
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g-aminoethylquinolinium bromide hydrobromide (as VI), an oily base 
was precipitated and soon crystallised. This discoloured in contact 
with air; it was freely soluble in ether, benzene, or chloroform and 
is, therefore, not an ammonium hydroxide. The original salts were 
recoverable by the action of the appropriate acids. Gabriel (loc. cit.) 
regarded a corresponding pyridine derivative as(VI1), but the formula 
(VIII) is now suggested as being more in accordance with modern 
conceptions. 


CH 
(VIL.) \cH (VILI.) 
BN 


X—nH , Na 


CH,-CH, CH,—CH, 


EXPERIMENTAL. 

8-Phthalimidoethylquinolinium Bromide (1X, as 1).—8-Bromoethyl- 
phthalimide was conveniently made in the same way as y-bromo- 
propylphthalimide (Ing and Manske, J., 1926, 2349), and had m. p. 
83° after crystallisation from alcohol (compare Gabriel, Ber., 1889, 
22, 1137). Combination with quinoline occupied 6 hours at 100°, 
and the product, a coloured crystalline solid, was washed successively 
with ether and a restricted volume of hot alcoho}. After repeated 
crystallisations from hot water (charcoal), the bromide was obtained 
in stout, colourless prisms, m. p. 264—265° (yield, 70%) (Found : 
Br, 20-8. C,gH,;O.N,Br requires Br, 20-9%). The picrate crystal- 
lised from water in yellow plates, m. p. 216—218°. 

8-Aminoethylquinoliniwm Bromide Hydrobromide—The above 
bromide was boiled with aqueous hydrobromic acid (saturated at 0°, 
mixed with an equal volume of water) for 5 hours; the yield was 
quantitative. Phthalic acid was separated after cooling, and the 
solution evaporated to dryness. The hydrobromide crystallised from 
aqueous alcohol in colourless cubes, melting at 275—277° to a red 
liquid (Found: Br, 47-8. C,,H,,N,Br, requires Br, 47-9%). 

The corresponding chloride hydrochloride (V1), prepared in the 
same way as its 6-methoxy-derivative (below), crystallised from 
aqueous alcohol in colourless, rectangular prisms, m. p. 270—271° 
(Found: Cl, 28-9. C,,H,,N,Cl, requires Cl, 28:9%). The picrate 
forms yellow cubes, m. p..238—239°. 

1--0-Carboxybenzamidoethyl-2-quinolone (X, as IV) and 1-8- 
Phthalimidoethyl-2-quinolone (X1).—Oxidation of (IX) by means of 
alkaline potassium ferricyanide in the manner described below in 
other cases gave a mixture of these substances, and (X) could not be 
obtained pure on account of the ease with which it yields (XI) by 
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dehydration. The mixture was, therefore, heated, and the 
dehydration to (XI) was rapid at 100°. The product was very spar. 
ingly soluble in alcohol and crystallised from acetic acid in colourless 
tetrahedra, m. p. 272—273° (Found: N, 8-7. C,,H,,0,N, requires 
N, 8-8%). 

1-8-A minoethyl-2-quinolone Hydrochloride.—This salt was obtained 
by boiling the mixture of (X) and (XI) with dilute hydrochloric acid, 
The alkylphthalimide remained undissolved and the yield was small, 

“owing to the rapid formation of this substance. In a sealed tube 
at 150°, the hydrolysis was, however, complete. The salt crystallised 
from ethyl alcohol in colourless, rectangular plates, m. p. 245—246° 
(Found : Cl, 15-6. C,,H,,;0N,Cl requires Cl, 15-8%). The picrate, 
yellow needles from water, has m. p. 225° (decomp.). 

y-Phthalimidopropylquinolinium ~ Bromide (XII).—As in other 
reactions, y-bromopropylphthalimide condensed with quinoline 
more smoothly than @-bromoethylphthalimide under similar con- 
ditions. The additive product, readily soluble in water, crystallised 
from alcohol in colourless, stout prisms, m. p. 259—260° (Found : 
Br, 20-3. C,)H,-O,N,Br requires Br, 20-1%). 

Hydrolysis with boiling aqueous hydrobromic acid furnished 
y-aminopropylquinolinium bromide hydrobromide in good yield. This 
salt crystallised from aqueous alcohol in colourless rhombohedra, 
melting at 271—273° to a red liquid (Found : Br, 45-8. C,,H,,N,Br, 
requires Br, 45-9%). The corresponding chloride hydrochloride 
crystallised from aqueous alcohol in rectangular rods, m. p. 267— 
268° (Found : Cl, 27-3. C,,H,,N,Cl, requires Cl, 27-4%). 

The substance (XII) was oxidised in the usual manner (see below), 
and the acid precipitated from the alkaline solution was twice 
crystallised from alcohol in colourless, rhombic prisms, m. p. 153— 
154° (decomp.) (Found: C, 68-2; H, 5-3. OC H,,0,N, requires 
C, 68-6; H,5-1%). This 1-y-0-carboxybenzamidopropyl-2-quinolone 
is stable at 100°, but is dehydrated at its m. p. to the related 
phthalimide derivative. The latter crystallises from alcohol in 
colourless cubes, m. p. 149—150°. 

On hydrolysis by means of 15°% hydrochloric acid, the substituted 
phthalamic acid or phthalimide yields 1-y-aminopropyl-2-quinolone 
hydrochloride, colourless needles, m. p. 217—218° (Found : Cl, 14:8. 
C,.H,,ON,Cl requires Cl, 14-9%), from alcohol. 

8-Phthalimidoethyl-6-methoxyquinolinium Bromide (XIII; as I).— 
When equimolecular quantities of 6-methoxyquinoline and 6-bromo- 
ethylphthalimide were heated together at 100°, crystals appeared 
after 15 minutes, and after6 hours the mass had solidified completely. 

The powdered product was extracted with a little hot alcohol, 
and the undissolved salt (yield, 60%) crystallised from boiling 
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water in colourless, rectangular plates, m. p. 248—250° (decomp.). 
The crystals retain 1H,O at 100°, but are completely dehydrated 
by heating at 110° under diminished pressure (Found, in anhydrous 
material: N, 6-7; Br, 19-1. C,)H,,0,N,Br requires N, 6-8; Br, 
19-4%). The picrate crystallised from hot water in golden-yellow 
plates, m. p. 199—200°. 

3-Aminoethyl-6-methoxyquinolinium Chloride Hydrochloride (XIV ; 
as IIT) (R. 12).—A dilute aqueous solution of (XIII) was shaken with 
freshly precipitated alkali-free silver oxide until precipitation of 
silver bromide was completed. The filtered solution was rendered 
slightly acid with hydrochloric acid, and concentrated on the 
steam-bath. The concentration of hydrochloric acid was then 
raised to about 15% and the liquid refluxed for 5 hours [the volume 
was adjusted to 5—10 c.c. per g. of (XIII)]; after cooling, the 
phthalic acid thatseparated was removed, and the filtrate evaporated 
to dryness. The salt was obtained by washing this residue with 
alcohol in an almost pure condition and in practically quantitative 
yield; it crystallised from alcohol containing a few drops of water 
in flat, colourless needles, m. p. 264—265° (decomp.) (Found : 
C, 52-5; H, 6-1; Cl, 25-7. C,,.H,,ON,Cl, requires C, 52-4; H, 5-9; 
Cl, 25:8%). On the addition of sodium hydroxide to an aqueous 
solution, a red oil, changing to a pasty solid, was precipitated. The 
picrate crystallised from water in yellow plates, m. p. 203—205°, 
with slight previous sintering. 

3-Aminoethyl-6-hydroxyquinolinium Chloride Hydrochloride (R. 9). 
—Demethylation of (XIV) was effected by heating with five times 
its weight of concentrated hydrochloric acid at 150—160° in a 
sealed tube for 4—5 hours. The solution was evaporated to dryness, 
and the colourless, crystalline residue (yield, quantitative) crystal- 
lised from alcohol containing a few drops of concentrated hydro- 
chloric acid in colourless, rectangular rods, m. p. 267—269° (Found : 
C, 51-0; H, 5-3. C,,H,,ON,Cl, requires C, 50-6; H, 54%). An 
aqueous solution of this salt became dark red on the addition of 
ferric chloride. The picrate crystallised from water in yellow 
plates, m. p. 248—249° (decomp.) with slight previous softening. 

1-8-0-Carboxybenzamidoethyl-6-methoxy-2-quinolone (XV, as IV).— 
A cold, dilute, aqueous solution of (XIII) (8-0 g.) was gradually 
added with shaking to one of potassium ferricyanide (12-0 g.) con- 
taining sodium hydroxide (4-0 g.); after 1 hour, the oxidation was 
completed by 15 minutes’ heating on the steam-bath. The liquid 
was then cooled in an ice-bath and carefully acidified with hydro- 
chloric acid until incipient separation of ferrocyanic acid occurred. 
The rather sticky precipitate was isolated and crystallised from 
alcohol in colourless, rectangular rods, m. p. 144—145° (decomp.) 
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(yield, 5-0 g.) (Found: C, 65:1; H, 48. Cy H,,0;N, requires 
C, 65-6; H,4-9%). When this substance was heated to 140—150°, 
it lost its power of dissolution in aqueous sodium carbonate, being 
changed by loss of water into 1-8-phthalimidoethyl-6-methoxy-2. 
quinolone. This substance, devoid of acidic or basic properties, 
crystallised from ethyl alcohol in colourless, rhombic plates, m. p. 
188—189° (Found : C, 69-2; H, 4-4. C,)H,,0,N, requires C, 69-0; 
H, 46%). This imide is quite stable towards boiling concentrated 
hydrochloric acid, although the phthalamic acid can be hydrolysed 
as shown below. 

1-8-Aminoethyl-6-methory-2-quinolone _ Hydrochloride (XVI) 
(R. 10).—The acid (XV) (4-0 g.) was boiled with 15% hydrochloric 
acid (100 ¢.c.) for 15 minutes, whereupon cvystals separated from 
the clear solution. After 4 hour on the steam-bath, the liquid 
was cooled and filtered. The solid (1-0 g.) was found to consist of 
the above-described phthalimide derivative, m. p. 188—189°, and 
the solution was evaporated. to dryness, and the residue washed 
with alcohol in order to remove phthalic acid; it crystallised from 
alcohol containing a few drops of water as a voluminous mass of 
feathery needles, m. p. 266—267° (yield, 1-5 g.) (Found: C, 57-0; 
H, 5-6; Cl, 13-8; MeO, 11-6. C,,H,,;O,N,Cl requires C, 56-6; H, 
5-9; Cl, 13:9; 1MeO, 12-2%). This salt is sparingly soluble in 
aleohcl and readily soluble in water. The picrate formed deep 
yellow needles, m. p. 237°. 

1-8-Aminoethyl-6-hydroxy-2-quinolone Hydrochloride (R. 13).— 
Compound (XVI) was demethylated in exactly the same way as 
(XIV), and the product crystallised from ethyl alcohol containing 
hydrochloric acid as a mass of colourless, flat needles, m. p. 281— 
282° (decomp.) (Found: C, 54-9; H, 5-4; Cl, 14-7. ©,,H,,0,N,( 
requires C, 54-9; H, 5-4; Cl, 14-7%). An aqueous solution gave a 
deep blue coloration with ferric chloride, and a red coloration with 
nitric acid. The picrate crystallised from aqueous alcohol in golden- 
yellow, truncated pyramids, m. p. 254—256°. 

y-Phthalimidopropyl-6-methoxyquinolinium Bromide (1).—This salt 
separated in 70%, yield from the hot alcoholic solution of the glassy 
mass obtained ty heating equimolecular proportions of y-bromo- 
propylphthalimide and 6-methoxyquinoline at 100° for 6 hours. 
The colourless, rhombic prisms melted at 125—127° with vigorous 
decomposition ;. the resulting oil crystallised again on scratching 
with a glass rod, and the m. p. was then 198—200°. The anhydrous 
salt was extremely hygroscopic, becoming pasty in the air and then 
crisp again when therequisite amount of water was absorbed. The salt 
is readily soluble in water, but can be crystallised from concentrated 
solutions in prisms, m. p. 125—-127°, This hydrate retains 4H,0 at 
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100°, but loses all its water at 110° in a vacuum (Found, after drying : 
N, 6-7; Br, 18-7. C,,H,,0,;N,Br requires N, 6-6; Br, 18-7%). 
Both the hydrated and the anhydrous specimen dissolved readily in 
chloroform. ‘The picrate was obtained in deep yellow rhombohedra, 
m. p. 208—210°. 
Anhydro-y-0-carboxybenzamidopropyl-6-methoxyquinolinium Hydr. 
oxide (I1).—A hot aqueous solution of (I) was shaken with an excess 
of silver oxide and filtered; a bulky mass of colourless needles 
separated on cooling, the yield being almost quantitative. This 
betaine was sparingly soluble in cold water or alcohol, and crystal- 
lised from these solvents in needles which sintered at 140° and 
turned pink and underwent vigorous decomposition at 198—199° 
(Found, in an air-dried specimen: C, 60-0; H, 6-4. C,,H,0,N,,3H,O 
requires C, 60-3; H, 62%). The substance was readily soluble in 
cold, dilute hydrochloric acid, but insoluble in cold, aqueous sodium 
hydroxide; on heating, the solution became crimson. 
y-Aminopropyl-6-methoxyquinolinium Chloride Hydrochloride (III) 
(R. 6).—The betaine (II) was dissolved in five times its weight of 
15% hydrochloric acid, and the solution refluxed for 5 hours. After 
cooling and separation of phthalic acid, the solution was evaporated 
to dryness; the residue crystallised from aqueous alcohol in colour- 
less needles, m. p. 259—261° (decomp.) (Found: C, 54-4; H, 59; 
Cl, 24-4. C,,H,,ON,Cl, requires C, 54-0; H, 6-2; Cl, 245%). On 
demethylation (as with XIV), y-aminopropyl-6-hydroxyquinolinium 
chloride hydrochloride (R. 8) was obtained. This salt crystallised 
from alcohol containing hydrochloric acid in colourless, rectangular 
rods, m. p. 274—276° (Found: Cl, 25:6. C,,.H,,ON,Cl, requires 
Cl, 25-89%); its aqueous solution gave a brownish-red coloration with 
ferric chloride and a deep yellow coloration with sodium hydroxide. 
1-y-0-Carboxybenzamidopropyl-6-methoxy-2-quinolone  (IV).—The 
preparation of this acid from (I) was like that of (XV) from (XIII) 
(above) and the yield was very good. The substance crystallised 
from alcohol in colourless, rectangular prisms, m. p. 164—165° 
(decomp.) (Found : C, 66-6; H, 5-1. C,,H,,0;N, requires C, 66-3 ; 
H, 53%). Although stable at 100°, (IV) is changed at its m. p. into 
1-y-phthalimidopropyl-6-methoxy-2-quinolone, colourless, rectangular 
plates from alcohol, m. p. 149—150° (Found: C, 69:2; H, 48. 
C,,H,,0,N, requires C, 69-6; H, 5-0%). On boiling with 15% 
hydrochloric acid for $ hour, (IV) gave this substituted phthalimide 
in 20% yield, and the solution contained 1-y-aminopropyl-6- 
methoxy-2-quinolone hydrochloride (V) (R. 7), which crystallised from 
aqueous aleohol in colourless needles, m. p. 239—240° (Found : 
C, 57-7; H, 6-3. C,,;H,,0,N,Cl requires C, 58-1; H, 6-3%).. De- 
methylation of (IV), or the related phthalimide, or (V) in the 
5a2 





2958 ATTEMPTS TO FIND NEW ANTI-MALARIALS. PART II. 


usual manner yielded 1-y-aminopropyl-6-hydroxy-2-quinolone hydro. 
chloride (R. 11), which separated from ethyl alcohol containing 
hydrochloric acid in colourless, compact, rhombohedral plates, 
m. p. 277—279° (Found : CO, 57-0; H, 6-2; Cl, 14-0. C,,H,;0,N,Cl 
requires C, 56-6; H, 5-9; Cl, 13-9%). The reactions of this compound 
resembled very closely those of the analogous substance in the 
aminoethyl series. 

§-Phthalimidoethylisoquinolinium Bromide (XVII).—The product 
obtained by heating equal quantities of isoquinoline and 8-bromo- 
ethylphthalimide at 100° was practically pure after being washed 
with ether and subsequently with a small volume of hot alcohol. 
The yield was quantitative, calculated on the bromoethylphthal- 
imide. The bromide is sparingly soluble in alcohol, and crystal- 
lised from water in colourless rhombohedra, m. p. 291—292° 
(Found : Br, 20-7. C,,H,,0,N,Br requires Br, 20-9%). By treat- 
ment with boiling hydrobromic acid exactly as in the case of the 
quinoline derivative, the hydrobromide of 8-aminoethylisoquinolinium 
bromide was readily obtained in a pure condition. This salt crystal- 
lised from dilute ethyl alcohol in colourless prisms, m. p. 286—288° 
(Found: Br, 48-0. C,,H,,N,Br, requires Br, 47-9%). 

8-Aminoethylisoquinolinium Chloride Hydrochloride (XVII1).— 
When an aqueous solution of (X VII) was shaken with an excess of 
freshly precipitated silver oxide and the filtered solution evaporated 
on the steam-bath, the betaine remained as a dark syrup which 
crystallised on stirring. After repeated crystallisation from ethyl 
alcohol (charcoal), it was obtained in colourless, square tablets, 
m. p. 186—189° (decomp.). Hydrolysis with dilute hydrochloric 
acid yielded (XVIII), which, however, could be obtained in better 
yield in the same way as the quinoline derivative without isolating 
the intermediate betaine. The hydrochloride crystallised from 
aqueous alcohol in colourless, rhombic prisms, m. p. 273—275° 
(Found: Cl, 28-8. C,,H,,N,Cl, requires Cl, 28-9%). 

2-8-0-Carboxybenzamidoethylisoquinolone (XIX).—Oxidation of 
(XVII) by the method already described in other cases gave a good 
yield of the acid (XIX), which crystallised from ethyl alcohol in 
colourless, thin needles, m. p. 167—168° (decomp.). The product 
of decomposition, namely, 2-8-phthalimidoethylisoquinolone, crystal- 
lised from ethyl alcohol in colourless needles, m. p. 185—186° 
(Found: N, 8-6. C,gH,,0,N, requires N, 8-8%). 

2-8-Aminoethylisoqguinolone hydrochloride was derived by methods 
analogous to those already described. It crystallised from ethy] 
alcohol in colourless laminz, m. p. 237—239° (Found: Cl, 15-5. 
C,,H,,0N,Cl requires Cl, 15-8%). 

y-Phthalimidopropylisoquinolinium bromide (XX), obtained from 
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y-propylphthalimide and isoquinoline, was easily soluble in ethyl 
alcohol and in water, and crystallised in colourless rhombohedra, 
m. p. 243—245° (Found: Br, 20-3. C,,H,,0,N,Br requires Br, 
20-1%). From it were obtained by the usual methods the hydro- 
bromide of y-aminopropylisoquinolinium bromide as colourless prisms 
from aqueous ethyl alcohol, m. p. 228—229° (Found: Br, 45-8. 
C,H, gN,Br, requires Br, 45-9%), and the hydrochloride of y-amino- 
propylisoquinolinium chloride as colourless cubes (very hygroscopic) 
from ethyl alcohol, m. p. 236—237° with marked sintering at about 
135° (Found : Cl, 27-4. C,,H,,N,Cl, requires Cl, 27-4%). 

The oxidation of (XX) with alkaline ferricyanide gave a semi- 
solid product which could not be crystallised. When it was boiled 
for } hour with hydrochloric acid (15°) and cooled, a colourless, 
crystalline precipitate was the major product. This was 2-y- 
phthalimidopropylisoquinolone, insoluble in aqueous sodium 
carbonate, and easily crystallisable from ethyl alcohol in colourless, 
flat needles, m. p. 157—158° (Found: N, 8-4. C H,,0,N, requires 
N, 8:-4%). When hydrolysed with concentrated hydrochloric acid 
in a sealed tube at 140—150°, it gave rise to 2-y-aminopropyliso- 
quinolone hydrochloride, which crystallised from ethyl alcohol in 
colourless, thin needles, m. p. 189—191° (Found: Cl, 148. 
C,,H,;ON,Cl requires Cl, 14-9%). 


The author wishes to thank Professor R. Robinson for his interest 
in the investigation. 


THE UNIVERSITY, MANCHESTER. [ Received, November 2nd, 1929.] 





CCCXCIX.—Atiempts to find New. Anti-malarials. 
Part III. Some Substituted Aminoalkylamino- 
quinolines. 


By ALFRED WILLIAM BALDWIN. 


Apart from any knowledge of the constitution of plasmoquine (see 
Introduction to Part I), the derivatives of 8-aminoquinoline have a 
special interest in connexion with the subject of this series on 
account of the fact that the aromatic amino-group can be alkylated 
by the usual methods without affecting the quinoline nitrogen; 
this is not the case with the isomeric 5-, 6-, and 7-aminoquinoline 
groups. 

Thus, 8-amino-6-methoxyquinoline was found to yield an N-butyl 
derivative (I), when boiled under reflux with aqueous sodium 
carbonate and n-butyl iodide; there appeared to be very little 
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tendency towards further butylation either on the secondary or the 
tertiary nitrogen atom. Unfortunately, the salts of (I) were spar. 
ingly soluble in water, and were consequently unsuited for the 
projected biological investigation. It was, accordingly, sought to 
introduce further basic centres, and this was accomplished in two 
ways, leading to the formation of soluble salts. In the first method, 
5-acetamido-6-methoxyquinoline (II) was nitrated and the product 
reduced to the 8-amino-derivative (III), which could be butylated 
and then deacetylated by hydrolysis. The second method produces 


NHAc NHAc 


1) MeO, a MeO ar) Meo (im) 
N’ \N \N 


HBuN H,N 


a wider range of salts of the desired type, and consists in the intro. 
duction of an amino-group into the side chain of the 8-alkylamino- 
substituent; this has been effected by the hydrolysis of the products 
of interaction of bromoalkylphthalimides and derivatives of 8- 
aminoquinoline, The aliphatic amino-group can then be alkylated 
by applying the method mentioned above. 

To take a single case for purposes of illustration, 8-amino-6- 
ethoxyquinoline and y-bromopropylphthalimide condensed, when 
heated together, with formation of the hydrobromide of (IV). 


EtO (IV.) Et (V.) 
NN’ \NY 
NH[CH,],N:(CO),:C,H, NH,[CH,],NH,}Cl, 


The successive action of hydrazine in boiling alcoholic solution 
and hydrochloric acid on this phthalimide resulted in smooth 
hydrolysis, and the dihydrochloride (V) was isolated (compare Ing 
and Manske, J., 1926, 2348). The butyl derivatives of the bases 
of the type (V) were prepared by the aqueous sodium carbonate- 
hutyl iodide method, but, in general, these substances could not be 
fully purified. The specimens submitted for biological tests are 
indicated as in other parts of this series, e.g., (V), a dihydrochloride, 
is R. 25 (see p. 2964). 


EXPERIMENTAL. 

8 - Nitro-5-acetamido - 6 - methoxyquinoline.—5-Nitro-6-methoxy- 
quinoline (Decker and Engler, Ber., 1909, 42, 1740) was reduced to 
5-amino-6-methoxyquinoline (Jacobs and Heidelberger, J. Amer. 
Chem. Soc., 1920, 42, 2285), of which 5-0 g. were acetylated by 
heating with acetic anhydride (4-0 c.c.) for 5 minutes. 5-Acetamido- 
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6-methoxyquinoline (II) crystallised from water in colourless needles, 
containing solvent of crystallisation which was lost at 100°. The 
anhydrous substance had m. p. 193° (Found: C, 66-7; H, 56; 
N, 12-6. C,,H,,0,N, requires C, 66-7; H, 5-6; N, 13-0%). 

A 60% yield of 8-nitro-5-acetamido-6-methoxyquinoline was ob- 
tained under the following conditions. Acetamidomethoxyquinoline 
(5-0 g.) was cautiously added to concentrated sulphuric acid (15 
c.c.), and, during this and the following operations, the temperature 
was not allowed to rise above 15°. When solution was complete, 
nitric acid (10 c.c.; d 1-42) was slowly introduced and the whole was 
allowed to remain for 1 hour, then mixed with ice and basified. 
The nitro-derivative crystallised from methyl alcohol in pale yellow 
needles, m. p. 265° (decomp.) (Found : C, 55-4; H, 43; N, 16-1. 
C,.H,,0,N, requires C, 55-2; H, 4:2; N, 16-1%). 

8-Amino-5-acetamido-6-methoxyquinoline (III).—The foregoing 
nitro-compound (5-5 g.) was reduced by means of iron and a little 
hydrochloric acid in alcoholic solution (compare West, J., 1925, 
127, 494), giving 4-0 g. of (III) in a pure condition. The base 
crystallised from water in pale, straw-coloured, flat needles, m. p. 
207—208° (Found : C, 62-0; H, 5-7; N, 17-8. C,,H,,0,N, requires 
C, 62:3; H, 5-6; N, 18-2%). 

5-A cetamido-8-n-butylamino-6-methoxyquinoline (R. 23).—The 
foregoing amine was difficult to butylate by the normal procedure, 
but alkylation was finally effected by heating the base (1 mol.) 
with n-butyl iodide (3 mols.) in boiling xylene solution in the presence 
of an excess of sodium carbonate for 7 hours. The product crystal- 
lised from aqueous alcohol and then from benzene—light petroleum 
in pale yellow needles, m. p. 136° (Found : C, 67-1; H, 7-3; N, 13-9. 
C,gH,,0,N, requires C, 66-9; H, 7-3; N, 14-6%). On heating with 
concentrated hydrochloric acid on the steam-bath, hydrolysis 
occurred, but the base subsequently isolated proved to be readily 
oxidisable and, for this reason, could not be fully purified. A 
solution of its hydrochloride (R. 24) (0-02 g. of base per c.c.) was 
prepared, 

8-n-Butylamino-6-methoxyquinoline (1).—8-Amino-6-methoxyquin- 
oline (1-0 g.) (Brit. Pat. 267,169) (hydrochloride, R. 29) was mixed 
with n-butyl iodide (1-6 g.), sodium carbonate (2-0 g.), and water (20 
c.c.), and the whole refluxed for 6 hours. Hydrogen chloride was led 
into an ethereal extract of the product, and the precipitated salt 
crystallised, on addition of ether to its methyl-alcoholic solution, 
in orange-yellow needles, m. p. 159—160°, containing 1H,O (Found : 
N, 9-9; Cl, 12-6. C,,H,,ON,Cl,H,O requires N, 9-2; Cl, 12°5%). 
This hydrochloride (R. 31) was very sparingly soluble in water; the 
free base crystallised from aqueous methyl alcohol in colourless, flat 
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needles, m. p. 45° (Found: C, 72:8; H, 7-7; N, 11-7. C,,H,,ON, 
requires C, 73-0; H, 7-8; N, 12-2%). 
8-n-Butylamino-6-ethoxyquinoline.—8 - Amino - 6 - ethoxyquinoline 
was obtained by the method of Brit. Pat. No. 267,169, and crystal. 
lised from alcohol in colourless needles, m. p. 67° (literature, 60°), 
The butylation and preparation of the hydrochloride (R. 30) were 
carried out as with the 8-amino-6-methoxyquinoline; the very 
sparingly soluble salt crystallised from ethyl alcohol-ether in 
orange-yellow plates, m. p. 171—172° (Found: N, 9-9; Cl, 12-7. 
C,;H,,ON,Cl requires N, 10-0; Cl, 12-7%). The corresponding 
base crystallised from aqueous methyl alcohol in very pale brown 
needles, m. p. 38—39° (Found: C, 73:7; H, 7-8; N, 118. 
C,;H,,ON, requires C, 73-8; H, 8-2; N, 11-5%). 
ay-Di-(6-methoxy-8-quinolylamino)propane, 
(MeO-C,H;,N-NH-CH,),CH,. 
—A mixture of 8-amino-6-methoxyquinoline (1-74 g.), trimethylene 
bromide (1-5 g.), sodium carbonate (2-5 g.), and water (20 c.c.) was 
refluxed for 3 hours. The hydrochloride, precipitated from an 
ethereal solution of the product, crystallised from alcohol in red 
needles, m. p. 222°, very sparingly soluble in water. The free base 
crystallised from alcohol in colourless needles, m. p. 131—132° 
(Found: C, 70-6; H, 6-2; N, 13-9. C,,H,,0,N, requires C, 71-1; 
H, 6-2; N, 14-4%). 

8 - 8 - Aminoethylamino - 6 - methoxyquinoline — Dihydrochloride, 
MeO-C,H,N-NH,°CH,°CH,"NH,}Cl,.—8 - Amino-6-methoxyquinoline 
(1 mol.) was mixed with @-bromoethylphthalimide (1-1 mols.) 
(Gabriel, Ber., 1889, 22, 1137; Ing and Manske’s method, loc. cit., 
was used for the preparation) and heated at 120—130° for 6 hours. 
The resulting solid was repeatedly washed with hot alcohol, and the 
remaining bright yellow hydrobromide of 8-8-phthalimidoethylamino- 
6-methoxyquinoline had m. p. 246—247° (yield, 80%) (Found: C, 
56-1; H, 4:2; N, 9-5; Br, 18-9. C,.H,,O,N,Br required C, 56-1; 
H,42; N,9-8; Br, 18-7%). In this case, difficulty was experienced 
in the isolation of the free phthalimide, but the hydrolysis with 
hydrazine hydrate, following the method given below for an 
analogue (but using 2-5 mols. of the hydrate), gave a 90% yield of 
the dihydrochloride (R. 34), which crystallised from alcohol in bright 
yellow needles, m. p. 263—264° (Found : C, 49:7; H, 5-9; N, 141; 
Cl, 24:2. C,,H,,ON,Cl, requires C, 49-7; H, 5-9; N, 14-5; Cl, 
24-5%). The base (1 mol.) was butylated by refluxing with n-butyl 
iodide (1-5—2 mols.) and aqueous sodium carbonate (>3 mols.) for 
4hours. The hydrochloride was precipitated from ethereal solution, 
isolated, and dissolved in water (R. 35; 0-0283 g. of base per c.c.). 

8 - y - Aminopropylamino - 6 - methoxyquinoline Dihydrochloride, 
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MeO-C,H ,N-NH,°CH,°CH,°CH,°NH,}Cl,.—The condensation of 
y-bromopropylphthalimide and 8-amino-6-methoxyquinoline was 
carried out like that just described, and the product crystallised 
from alcohol in bright yellow needles, m. p. 221°. This hydro- 
bromide -was triturated with dilute, aqueous sodium carbonate at 
30—40°, and the 8-y-phthalimidopropylamino-6-methoxyquinoline 
collected and crystallised from alcohol in very pale yellow, flat 
needles, m. p. 101—102° (yield, 55%) (Found: C, 69-3; H, 5-0; 
N, 11-3. C,,H,0O,N, requires C, 69-8; H, 5-3; N, 11:6%). In all 
experiments on the hydrolysis of this and other phthalimides 
described in this communication, it was found essential to employ 
the pure substances and to avoid the use of too great an excess of 
hydrazine hydrate. A mixture of phthalimidopropylamino- 
methoxyquinoline (20 g., 1 mol.), hydrazine hydrate (3-2 c.c.; 1-1 
mols.), and alcohol (100 c.c.) was refluxed for 14 hours, at the end of 
which the intermediate product (compare Ing and Manske, loc. cit.) 
had separated completely. Alcohol was removed by distillation, and 
the white, spongy residue was heated for 15 minutes on the steam- 
bath with an excess of dilute hydrochloric acid. Phthalylhydrazide 
was removed by filtration, and the base rendered to chloroform and 
isolated as the dihydrochloride by leading hydrogen chloride into the 
solution. This salt (R. 36) crystallised from alcohol in bright orange 
needles, m. p. 251—252° (yield, 80%) (Found: N, 13-0; Cl, 23-1. 
C,3H,gON,Cl, requires N, 13-8; Cl, 234%). A solution (R. 37) of 
the N-butyl derivative (0-0223 g. of base per c.c.) was prepared in 
the usual manner. R. 27 was a solution (0-062 g. of base per c.c.) 
of the N-isoamyl derivative. 

e-Bromo-n-amylphthalimide, Br[CH,];*N-(CO),:C,H,, and ae-Di- 
phthalimidopentane, C,H,:(CO),:N-[CH,];*N-(CO),:C,H,.—ae - Di- 
bromopentane (124 g.), prepared by von Braun’s method (compare 
Dox and Yoder, J. Amer. Chem. Soc., 1921, 43, 1368), was mixed 
with phthalimide (31 g.), potassium carbonate (16 g.), and xylene 
(150 c.c.) and refluxed for 6 hours. The residue, after steam-dis- 
tillation, was crystallised from alcohol and then extracted with 
light petroleum in a Soxhlet apparatus. Colourless needles (20 g.) 
m. p. 61°, consisting of e-bromo-n-amylphthalimide (Found: C, 
52-9; H, 4:8; N, 40; Br, 26-1. Cale. for C,,H,,O.NBr: C, 52-7; 
H, 4:7; N, 4-7; Br, 27-0%) separated from the petroleum extract, 
and the residue, ae-diphthalimidopentane, crystallised from acetic 
acid in colourless needles, m. p. 188° (Found: C, 69-5; H, 5-0; 
N, 7:7. C,,H,,0,N, requires C, 69-6; H, 5-0; N, 7-7%). The 
bromo-n-amylphthalimide has previously been described by Gabriel 
(Ber., 1902, 35, 1368), who obtained it by the action of hydrobromic 
acid on e-phenoxyamylphthalimide and gave m. p. 61°. 
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8 -(c- Amino-n-amylamino) -6-methoxyquinoline Dihydrochloride, 
MeO-C,HN-NH,*[CH,];"NH,}Cl,—The addition of e-bromo-n. 
amylphthalimide to 8-amino-6-methoxyquinoline was carried out in 
the usual manner, and the hydrobromide crystallised from alcohol 
in yellow needles, m. p. 101—103°. The free 8-(e-phthalimido-n. 
amylamino)-6-methoxyquinoline, 

MeO-C,H,N-NH-[CH,]};°N:(CO).-C,H,, 

crystallised from alcohol in colourless needles, m. p. 117—118° 
(yield, 50%) (Found: C, 70-8 ; H, 5-8; N, 10-6. C,,H,,0,N;, requires (, 
71-0; H,5-9; N,10-8%). The hydrolysis was effected by hydrazine, 
quantitatively, and the resulting dihydrochloride (R. 38) crystallised 
from alcohol in orange-yellow needles, m. p. 83°, containing 3H,0 
(Found : C, 46-6; H, 7:7; N, 10-3; Cl, 18-8. C,;H,,0N,C1,,3H,0 
requires C, 46-6; H, 7-5; N, 10-9; Cl, 18-4%). The butylated salt 
was prepared in the usual manner, but this hydrochloride proved 
to be sparingly soluble in water and the free base was dissolved ina 
mixture of lactic acid (3 parts) and water (7 parts) (R. 39; 0-0284 g. 
of base per c.c.). 

8-y-Aminopropylamino-6-ethoxyquinoline Dihydrochloride (V).—The 
initial condensation was much more facile than in other examples 
and was complete in 20—30 minutes. The 8-y-phthalimidopropy]- 
amino-6-ethoxyquinoline hydrobromide was well washed with 
alcohol and boiled with aqueous sodium carbonate in order to isolate 
the free base (IV), a treatment which appeared to be necessary in 
this case. The substance crystallised from alcohol in pale yellow 
needles, m. p. 127° (yield, 66%) (Found: C, 70-2; H, 5-8; N, 10-9. 
C..H,,0,N, requires C, 70-4; H, 5-6; N, 11-2%). Hydrolysis in 
the usual manner gave the dihydrochloride (R. 25) in theoretical 
yield; this salt crystallised from alcohol in orange-red needles, 
m. p. 242°, containing 1H,O (Found: N, 12-1; Cl, 20-49. 
C,,H,,ON,Cl,,H,O requires N, 12-5; Cl, 21:1%). The butylated 
salt (R. 26; 0-0369 g. of base per c.c.) was prepared in the usual 
manner. 

8 - y - Aminopropylamino - 6 - methylquinoline Drhydrochloride, 
C,H,;MeN-NH,-[CH,],"NH,}Cl,—In applying the Skraup reaction 
to 3-nitro-p-toluidine (20 g.), arsenic acid was used as the oxidising 
agent instead of picric acid as recommended by Noelting and 
Trautmann (Ber., 1890, 23, 3669), and 18 g., m. p. 121—122°, of the 
base were obtained. Reduction by West’s method then gave 10 g. 
of 8-amino-6-methylquinoline, m. p. 58—60°. 

The base condensed with y-bromopropylphthalimide in the usual 
way, and 8-y-phthalimidopropyl-6-methylquinoline crystallised from 
alcohol in pale, straw-coloured needles, m. p. 123° (yield, 45%) 
(Found : C, 73-2; H, 5-7; N, 12-3. C,,H, 0,N, requires C, 73:1; 
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H, 5:5; N, 122%). The dihydrochloride (R. 21) obtained on 
hydrolysis in theoretical amount crystallised from alcohol in orange 
needles, m. p. 262° (Found : C, 53-7; H, 6-4; N, 14-2. C,,H,)N;Cl, 
requires C, 54-2; H, 6-6; N, 14-6%). RB. 22 was a solution of the 
N-butyl derivative (0-0258 g. of base per c.c.). 


The author wishes to thank the Department of Scientific and 
Industrial Research for grants which enabled him to undertake 
the work, and also Professor R. Robinson for his interest in the 
investigation. 

THE UNIVERSITY OF MANCHESTER. 

University COLLEGE, LonpDon. [ Received, November 2nd, 1929.] 





CCCC.—Attempts to find New Anti-malarials. Part 
IV. B-Benziminazolylethylamine and £-5(or 6)- 
Ethoxybenziminazolylethylamine. 

By BrpHuCcHARAN CHATTERJEE. 


THE condensation of o-phenylenediamine and succinic anhydride 
has been studied by Meyer and Liiders (Annalen,,1918, 415, 37), 


who obtained benziminazole-2-propionic acid (I), together with 
succindi-o-aminoanilide, 
NH,°C,H,-NH-CO-[CH,],-CO-NH-C,H,-NHg. 

In repeating this work, the latter substance was obtained in about 
45% yield, but, when 2 mols. of the anhydride were used in xylene 
solution, the sole product was the succinate of (I). Attempts to 
apply the Curtius degradation to the hydrazide of this acid were 
not suecessful, but the amide underwent the Hofmann reaction and 
3-benziminazolylethylamine was isolated as the dihydrochloride (II). 
This base presents some points of constitutional analogy with 
histamine, and it is, accordingly, interesting to find that it is physio- 
logically an inert substance. The author is greatly indebted to Dr. 
H. H. Dale, Sec.R.S., and Mr. J. H. Gaddum, B.A., M.R.C.S., for 
kindly examining the physiological properties of a specimen of the 
hydrochloride and they report that the substance failed to exhibit 
any pressor action even in relatively large dosage. 


-CH,:CH,-CO,H -CH,-CH,‘NH;} Cl, 


NH 
(I.) (II.) 
The 5(or 6)-ethoxy-derivatives of (I) and (II) were similarly obtained 
with the object suggested in the title. 





CHATTERJEE : 


EXPERIMENTAL. 


Benziminazole-2-propionic Acid (1).—Succinic anhydride (83-5 g., 
or 96%) resulted when the acid (100 g.) was heated with pure 
thionyl chloride (300 c.c.) for 2 hours (compare Meyer, Monaitsh., 
1901, 22, 420, and McMaster and Ahmann, J. Amer. Chem. Soc., 
1928, 50, 146, who reported less favourable yields in this process). 

A mixture of o-phenylenediamine (10-8 g.), succinic anhydride 
(20 g.), and xylene (60 c.c.) was boiled for 3 hours, then cooled and 
the liquid decanted. The residue (X) was taken up in moderately 
concentrated, hot hydrochloric acid, and the succinic acid (9 g.), 
that separated on cooling, was collected, the filtrate being then 
saturated with sodium acetate and kept for a day. The crude, 
buff-coloured product was isolated (17-3 g.), and crystallised from 
water in silky, white needles, m. p. 228° (Found: C, 63-7; H, 5:3; 
N, 144. Cale. for CyjH,O.N,: C, 63:2; H, 53; N, 14-7%). 
Meyer and Maier (Annalen, 1903, 327, 23), who first prepared this 
acid, gave m. p. 226°, which Meyer and Liiders (loc. cit.) corrected 
to 236°. Many crystallisations frém water failed to raise the 
m. p. above 228°. The acid has a very sweet taste. The hydro- 
chloride crystallised from solutions in concentrated hydrochloric 
acid and from alcohol-ether in white, rectangular plates, m. p. 
236—237° (Found: N, 12-7. Cj, 9H,,0,N,Cl requires N, 12-4%). 

The methyl ester was prepared by passing hydrogen chloride for 
3 hours through a suspension of the acid (15 g.) in methyl alcohol 
(150 c.c.). The isolated product (12-5 g.) crystallised from aqueous 
methyl alcohol in glistening white cubes, m. p. 144—145° (Found: 
OC, 64-7; H, 6-2; N, 13-9. Cale. for C,,H,,O.N,: C, 64-7; H, 5:9; 
N, 13:7%). The ethyl ester, m. p. 137°, was similarly obtained and 
analysed ; the properties of these derivatives agree with the descrip- 
tion of Meyer and Liiders (loc. cit.). These authors give the m. p. 
254° for the amide, which has now been prepared in good yield by 
heating the methyl ester with concentrated, aqueous ammonia; 
it crystallised from alcohol in elongated plates, m. p. 259—260° 
(decomp.) (Found : C, 63-7; H, 6-1; N, 22-6. Calc. for CygH,,ON;: 
C, 63-5; H, 5-8; N, 22-2%). 

The hydrazide, C,H,N,H:C-CH,-CH,-CO-NH-NH,, was obtained 
by refluxing a mixture of the methyl ester (5 g.), hydrazine hydrate 
(20 c.c.), and methyl alcohol (25 c.c.) for an hour. The crude 
product (5°5 g.) crystallised from alcohol in white needles, m. p. 
268° (decomp.) (Found: C, 59:1; H, 5:7; N, 27:2. CyH,,.ON, 
requires C, 58-8; H, 5-9; N,27-5%). Although this is undoubtedly 
a true hydrazide and not the hydrazine salt of the acid, yet various 
attempts to prepare the azide or its transformation products led to 
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nothing but the recovery of the original benziminazolylpropionic 
acid. 

A sample of the above-mentioned residue (X) was crystallised 
from alcohol and proved to be the succinate of the acid. This salt 
had m. p. 182° (Found: N, 11-6. C,,H,,0,N, requires N, 112%} 
and could be resolved into its components. 

8-Benziminazolylethylamine Dihydrochloride (I1).—A solution of 
sodium hypochlorite was prepared by dissolving chlorine (from 
1-4 g. of potassium permanganate) in aqueous sodium hydroxide 
(5 g. in 50 c.c.) at 0°; this was then heated to 30°, and powdered 
benziminazolepropionamide (5-0 g.) gradually introduced with 
shaking to dissolve each portion. When addition was complete, 
the liquid was maintained at 60—70° for 14 hours, and then kept 
at room temperature for 12 hours. Potassium hydroxide (15 g.) 
was added, the solution heated at 60—70° for an hour, cooled, and 
extracted several times with ethyl acetate. The combined solutions 
were dried with sodium sulphate, and a hydrochloride precipitated by 
the passage of hydrogen chloride; it crystallised from alcohol in 
white, elongated plates, which decomposed at 270—272° (Found : 
C, 46-6; H, 5-9; N, 17-5; Cl, 30-7. C,H,,N,Cl, requires C, 46-2 ; 
H, 5-6; N, 18-0; Cl, 30-4%). The picrate crystallised from aqueous 
alcohol in yellow, rhombic plates, m. p. 193°. The free base was 
obtained as a viscous liquid. 

2-Nitro-4-ethoxysuccinanilic Acid, 

OEt-C,H,(NO,)-NH-CO-CH,°CH,°CO,H. 
—It was thought that the reduction of this acid might constitute a 
convenient method of preparation of ethoxybenziminazolepropionic 
acid, but this did not prove to be the case. Although the reaction 
with, e.g., tin and acetic acid, succeeded, and the required acid was 
isolated and identified, the yields, under a variety of conditions, 
were uniformly poor (some 10%). 

A mixture of 3-nitro-p-phenetidine (18 g.), succinic anhydride 
(10 g.), and xylene (150 c.c.) was boiled under reflux for 3 hours. 
The product was purified by solution in aqueous sodium carbonate, 
and, after recovery, by crystallisation from aqueous alcohol in 
long, silky, yellow needles, m. p. 172—173° (yield, 22 g.) (Found : 
C, 51-2; H, 5-0; N, 10-2. C,,H,,O,N, requires C, 51-1; H, 5-0; 
N, 9-9%). 

5(or 6)-Ethoxybenziminazole-2-propionic Acid, 

OEt-C,H,-N,H:C-CH,°CH,°CO,H. 
—The methods given in the literature for the preparation of 3-amino- 
p-phenetidine are unsatisfactory. 3-Nitro-p-phenetidine (20 g.) was 
reduced by means of hydrated stannous chloride (150 g.) in concen- 
trated hydrochloric acid (200 c.c.), and, after elimination of the tin 
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as sulphide, the hydrochloride (17-5 g.) of the diamine was isolated, 
The free base, obtained by the use of concentrated, aqueous sodium 
hydroxide, was collected on a sintered-glass filter-plate, dried on 
porous tile, and worked up as quickly as possible in order to avoid 
oxidation. 

A mixture of 3-amino-p-phenetidine (11 g.), succinic anhydride 
(15 g.), and xylene (80 c.c.) was refluxed for 3 hours, and the acid 
isolated as in the previous example (yield, 14 g.). It crystallised 
from water in colourless needles, m. p. 181° (Found: C, 61-2; 
H, 6-1; N, 11-7. C,,.H,,0,N, requires C, 61-6; H, 6-0; N, 12-0%). 
The product obtained by the reduction of nitroethoxysuccinanilic 
acid had m. p. 181° (Found: C, 61-7; H, 6-1; N, 11-7%), anda 
mixture of the two specimens also melted at 181°. This acid is more 
readily soluble in alcohol and in water than is benziminazoleprop- 
ionic acid; it does not possess the sweet taste of the latter. 

The hydrochloride crystallised from alcohol-ether in white plates, 
m. p. 221° (Found: N, 10-7. C,,H,;0,N,Cl requires N, 10-4%). 

The methyl ester was obtained like methyl benziminazoleprop- 
ionate, and crystallised from ether-light petroleum in white clusters 
of prismatic needles, m. p. 103° (Found : C, 62-6; H, 6-1; N, 11-0. 
Ci3H,,0,N, requires C, 62-9; H, 6-5; N, 11:3%). 

The amide, obtained by heating the methyl ester (10 g.) with 
aqueous ammonia (50 c.c.; d 0-880), crystallised from ethyl acetate- 
light petroleum as a white powder, m. p. 189° (yield, 6-4 g.) (Found: 
C, 62-2; H,.6-5; N, 17-9. C,,H,,O,N, requires C, 61-8; H, 6-4; 
N, 18-0%). 

8-5(or 6)-Hthoxybenziminazolylethylamine Dihydrochloride (R. 19). 
—By the method described for the preparation of $-benziminazolyl- 
ethylamine, the dihydrochloride was isolated; it crystallised from 
alcohol in white plates, m. p. 251—252° (decomp.) (Found : C, 47:2; 
H, 5-7; N, 14-6; Cl, 25-9. C,,H,,ON,Cl, requires C, 47-5; H, 6:1; 
N, 15-1; Cl, 25-6%). The free amine was a viscous liquid that did 
not crystallise after prolonged cooling to 0°. 


The author wishes to thank Professor R. Robinson for his interest 
in the investigation. 
THE UNIVERSITY, MANCHESTER. (Received, November 2nd, 1929.] 








OBITUARY NOTICES. 


ERNEST EDWARD MABBOTT. 
Born Jury 21st, 1904; Drep June 67H, 1929. 


Ernest EpwarD, a son of Charles William and Emily Mabbott, 
was born at Edmonton in 1904, and spent his schooldays at the 
Grammar School, Enfield. In 1922 he entered East London College. 
From the beginning of his college career he was very popular with 
both students and staff. He was always cheerful, always courteous. 
He was an exceptionally good student, and chemistry came easily 
to him, for he was fond of it. He also played well: he was a 
cricketer, and was in great demand at college functions because he 
could sing. No one hearing him sing would have suspected the 
student of chemistry; no one teaching him chemistry would have 
suspected that this quiet studious boy was indispensable when a 
Gilbert and Sullivan opera was being produced by the students. 

As I have said, chemistry came easily to Mabbott. After two 
years at East London College he secured the B.Sc. degree (First 
Class Honours), and then took up organic chemical research. He 
was of that rare type of chemist to whom luck seems to come from 
the first. Or, perhaps, his hands were as good as his brain. I 
still recall the pleasure of hearing what the distinguished External 
Examiner had to say when Mabbott went up for his M.Sc. examin- 
ation, and passed. His work was published in a conjoint paper in the 
Journal of the Chemical Society, and he was elected a Fellow in 1925. 

Mabbott had all along intended to become a chemistry master 
and he soon secured a good post at Pocklington School, Yorkshire. 
Just before he took his Master’s degree, he was gassed with phos- 
phorus tribromide, but he made light of it, and protested that he 
had suffered no lasting ill-effects. Yet later he showed signs of 
lung-weakness, and it would seem that the accident had aroused a 
sleeping malady, since for the next twelve months he was in the 
doctors’ hands. In 1926, being apparently quite recovered, he 
spent a year at London Day Training College, and later became a 
master at his old school. 

In September, 1928, he was again taken ill. At no period was 
he other than cheerful, and it was so until he died last June. It 
can be said not only that he was incapable of doing or thinking 
harm, but. also that no one who knew him could fail to benefit 


from the association. 
E. E. TURNER. 








OBITUARY NOTICES. 


FRANCIS EDWARD MATTHEWS. 
Born JANvuARY 31st, 1862; Drep Fesruary 24Tu, 1929. 


Francis EDwaRD MATTHEWS was one of that comparatively smal! 
band of later Victorian chemists who, without being conspicuous 
or widely known to the general public, did invaluable service to 
English chemistry by the assiduity’and meticulous care expended 
on their work, whether teaching or research simply or in connexion 
with a technical process. 

He was the son of Benjamin Matthews, a London merchant, was 
born on January 31st, 1862, and received his early education at 
University College School, Gower Street, then at University College, 
and later at the Royal College of Chemistry, South Kensington. 
There he worked in the laboratory, but did not attend lectures or 
take any of the examinations. The progress he made in a short 
time drew from one of the professors the expression of Shylock’s 
“how much elder art thou than thy looks.” He was then between 
18 and 19 years of age and had a greater command of mathematics 
than most students considerably older, in addition to a very clear 
and extensive acquaintance with chemical and physical theory. 

At that time he had a remarkable power of being able to perform, 
in some mysterious lightning-like manner, calculations such as are 
required in a physical or chemical laboratory, to the utter con- 
founding of some of the other students. To be told the percentage 
composition, and often the empirical formula of a substance almost 
as soon as the analysis figures were put down acted in some cases 
quite disconcertingly on the man doing the analysis, especially if it 
happened to be a combustion for carbon and hydrogen. 

From the Royal College, Matthews went to Bonn and there seems 
to have become a favourite pupil of Kekulé. In the few years he 
was in Bonn he either developed or caught the invaluable habit of 
reading and keeping abreast of chemical literature: this he con- 
tinued to do until the end, and so thoroughly that there were few 
works published here or abroad about which he was unable to give 
a concise digest. From his correspondence he seems to have been 
fascinated with the work in hand and he must have made rapid 
advance and obtained a high position in the esteem of the professors 
to be able to take his degree “‘ summa cum laude ” before he had 
reached his twenty-first birthday. 

Afterwards Matthews returned to the Royal College and acted as 
voluntary (unpaid) assistant during several years. No doubt at 
that time he would have had better scope for his abilities in a works, 
but the time of the chemist in works was not yet come. After a 
few years at the College he joined the Royal Indian Engineering 
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College, Coopers Hill, Egham, as assistant to Professor McLeod. 
During the time he was at Kensington he took a great interest in 
the sports and activities of students of the Royal School of Mines 
and the Royal College of Chemistry and the Art Department 
Students, and this side of his activity was carried on with no diminu- 
tion of energy with the students of Coopers Hill College. Matthews 
remained at Coopers Hill for about 20 years until that Institution 
was dissolved, succeeding Professor McLeod when he was retired 
on attaining the age limit. 

During the time he was assistant to Professor McLeod his quick 
calculating power gave rise to amusing incidents. Professor McLeod 
was very much “‘ taken ”’ by the behaviour of a calculating machine 
which had been presented to the College by Lord Rayleigh. Matthews 
and the machine had races in doing sums and often the machine 
came off quite second in time and, it was quaintly hinted, now and 
then in results also. 

After the dissolution of the Royal Indian Engineering College 
at Coopers Hill, Matthews turned to what must have been a desire 
in early life, viz., technical problems, and for some time isoprene 
and its conversion into artificial rubber, at the suggestion of Sir 
W. Tilden, Sir W. Ramsay, and others, engaged his attention. 
In connexion therewith he noticed the polymerising action of 
metallic sodium on some unsaturated hydrocarbons and devised, 
or suggested, methods for its application to artificial rubber pro- 
duction. A number of other problems, such as the production of 
ribbon metals, which promised to develop technically, took up his 
attention until the approach of the period 1914—1918, when most 
of them were abandoned by the firms which originally were likely 
to be interested. 

In 1914 Matthews joined the firm of Matthey and Johnson, with 
which he remained to the end. I give below a letter from Messrs. 
Matthey and Johnson, who remark on a happy, genial, and at the 
same time serious and cultivated manner and personality which 
rendered him a respected and loved associate :— 


“ The late Dr. Matthews and Johnson Matthey & Co., Ltd. 


“Dr. Matthews was known to a few members of the staff a few 
years before the war, when his advice had been asked from time 
to time in an unofficial capacity, but it was in 1914, when for obvious 
reasons the staff was depleted and more technical problems arose, 
that he was called in as consultant chemist. 

‘ From that time until a few days before his death he had imparted 
his most useful knowledge in a whole-hearted manner. 

“ All those who were connected with him at Johnson Matthey 
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& Co., Limited were impressed by his kind manner and willingness 
to help in any capacity within his power. 

“‘ He was extremely interested in the younger element and would 
encourage any of those who showed aptitude for learning. The fact 
that he had been a student of Kekulé, and had had many years’ 
experience as lecturer at Coopers Hill College, made his knowledge 
of organic chemistry and other subjects extremely useful to the 
academic aspirant. 

“The charm of his personality will always be remembered by his 
colleagues, who greatly deplore his passing.” 


His widow and one son survive him : the younger son died whilst 
on duty in America during 1914—1918. 
W. R. H. 





JAMES MOIR. 
Born DEcEMBER 14TH, 1874; Diep Marcu 301TH, 1929. 


JAMES Morr, elder son of James Moir, Rector of Aberdeen Grammar 
School, was born at Banff. He entered Aberdeen University in 
1893 and graduated as M.A. and B.Sc. in 1897. For three years he 


acted asa demonstrator in the Chemistry Department of Aberdeen 
University and during this period he carried on research work on 
amarine with Professor F. R. Japp. 

In 1900 Moir was awarded an 1851 Exhibition Scholarship and 
during the tenure of this at the Central Technical College he carried 
out, under the guidance of Professor H. E. Armstrong, an investig- 
ation on some cyanohydroxypyridine derivatives of diacetonitrile. 
In the course of these investigations he had occasion to prepare a 
considerable number of organic compounds requiring complicated 
synthesis and he acquired a striking facility for this type of chemical 
work. 

In 1902 the University of Aberdeen conferred on Moir the degree 
of D.Se. For health reasons he sought the sunny climate of South 
Africa towards the end of 1902 and for a short time acted as science 
master at one of the Johannesburg schools. For about a year he 
acted as a chemist in the laboratory of a gold-mining company 
and in 1904 he was appointed chemist to the Transvaal Department 
of Mines. His association with the gold-mining industry led him 
to investigate the chemistry of the extraction of gold by cyanide 
solution and later he contributed to our knowledge of the character 
of the dust particles found in mine-air (after blasting and crushing 
operations) which cause silicosis. 

Moir continued to carry on small investigations on carbon cotl- 
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pounds and published contributions on coerulignone, derivatives of 
diphenol, diphenoquinone, tetrabromodiphenoquinone, and oxid- 
ation products of dianisidine. In 1910 he evolved a theory of 
atoms, according to which all the elementary atoms are built up 
of elements of atomic weight 1, 2, 3, or 4; he presumed that, since 
the ‘four affinities of carbon are equal in strength and space- 
direction,” the atom is built up of four sub-atoms of atomic 
weight 3. The theory was purely speculative and arithmetical; 
our advancing knowledge of the structure of the atom shows that 
it had no foundation. 

Moir was fortunate in possessing a great facility for devising 
characteristic reactions (chiefly colorimetric) for the detection of 
specific substances and he evinced a large interest in the colorimetric 
method of determining the hydrogen-ion concentration of solutions. 

In 1914 the position of chemist to the Department of Mines was 
abolished and Moir joined the staff of the Government Analyst at 
the Government Chemical Laboratories at Johannesburg, a position 
which he oceupied for nearly fifteen years until his death. 

In 1918 he began to investigate the connexion between the 
colour of organic substances and their. constitution; the results of 
his labours in this direction were published in a series of twenty- 
five short communications to the Royal Society of South Africa 
and nine contributions to the Transactions of the Chemical Society. 
For the purpose of his investigation he prepared a very large 
number of phthaleins as well as a number of mono- and di-cyclic 
coloured compounds, and he established that the shift of absorption 
band caused by substitution depends upon the volume, and not 
upon the weight, of the substituting element or group. He arrived 
at empiric conclusions regarding the amount of the shift of absorp- 
tion band caused by replacement of a hydrogen atom by some 
other element or by an organic radical and so was enabled to 
calculate the position of the absorption band (and so approximately 
the colour) of a compound from its constitution. 

The South Africa Medal (founded in commemoration of the visit 
of the British Association to South Africa in 1905) was awarded 
to Moir in 1919: the medal, and the annual income of the fund, 
are awarded. by the South African Association for the Advancement 
of Science for achievement and promise in scientific research in 
South Africa. 

Moir was never in robust health and he eschewed all sport and 
outdoor games; he was an ardent amateur astronomer and took 
great delight in pursuing this science as a hobby. He took an 
active interest in local scientific societies. 

J. McC, 
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THOMAS BURR OSBORNE. 
Diep JANUARY 29TH, 1929. 


Tuomas Burr OSBORNE was elected an honorary Fellow of the 
Chemical Society in 1912 and his death on January 29th, 1929, 
removes one of the most distinguished figures in American bio. 
chemistry. The Chemical Society has seldom honoured with its 
honorary Fellowship investigators whose work has been concerned 
chiefly with the biological side of chemistry, thus Osborne’s election 
was an exceptional tribute to the scientific worth of his labours. 
Osborne’s scientific life was entirely centred around New Haven. 
A student of Yale University, he received the degree of Ph.D. for 
a thesis on “‘ The Quantitative Determination of Niobium.” In 
the year following graduation he was invited by Professor 8S. W. 
Johnson to join the staff of the Connecticut Agricultural Experi- 
ment Station, thus forming a connexion which he maintained 
throughout life. Up to this time Osborne’s work had been entirely 
concerned with analytical chemistry, and the cause of his deflection 
to biological chemistry may not improbably be referred as much 
to the heart as to the head. His devotion to Johnson, himself a 
pupil of Liebig and for long one of the outstanding leaders in 
agricultural science, and his subsequent marriage to Professor 
Johnson’s daughter combined to make the transition an easy one. 
In broad outline Osborne’s contributions to biochemistry may be 
considered in three main groups. First, the preparation of many 
proteins, especially those found in vegetable seeds, in a state of 
relative purity quite unattained by previous investigators. Many 
of these proteins were obtained in crystalline form and characterised 
in a thoroughly convincing fashion. Having the command of 
relatively pure proteins in large amounts, Osborne devoted the 
second phase of his work to the analysis and identification of their 
products of hydrolysis : the results are of permanent value and are 
constantly utilised by others, but it may be conceded that the 
methods made use of were chiefly worked out by Kossel, Fischer, 
and others and that Osborne’s own contributions to methods of 
protein analysis seem modest in comparison with his other out- 
standing accomplishments. The third and certainly the most 
striking part of Osborne’s work dealt with the biological properties 
of his highly purified proteins: first of all in relation to their specific 
antigenic properties and their ability to produce that extraordinary 
phenomenon known as the anaphylactic reaction—and_subse- 
quently their rdle in animal nutrition. The latter phase of Osborne’s 
work brought into prominence the importance, from the standpoint 
of nutrition, of minute amounts of substances associated in varying 
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degree with certain foodstuffs which are now grouped under the 
name of “‘ vitamins.”’ In particular he contributed largely to the 
discovery of the substance present in butter fat which was later 
distinguished as vitamin A and is essential for animal existence. 

In the following year the important observation was made that 
the same stimulation of growth could be secured by the addition of 
cod-liver oil to a diet of purified food substances and protein-free 
milk, a discovery which served to focus attention upon the value 
of this oil, in particular as a curative agent for the peculiar eye 
condition known as xerophthalmia, which was regularly encountered 
in animals on the deficient diets. At the close of the war the sight 
of many children in Europe was preserved by its use, a remarkable 
example of the application of scientific results to practical problems. 

One of the results of the study of vitamins was a clear conception 
in Osborne’s mind of the importance of an investigation of the 
constituents of living cells. This led to a vast amount of labour 
upon the composition of green leaves, much of which did not reach 
the stage of publication. He enthusiastically co-operated in the 
abours of his assistants in this field and the work strikingly demon- 
strated the complexity of the chemical environment in which the 
life process takes place. Osborne’s investigations in the field of 
protein chemistry were summarised in his well-known monograph 
“ The Vegetable Proteins,’’ first published in 1909, and extensively 
revised in 1924. His monograph on “ The Proteins of the Wheat 
Kernel ” (1907) is a standard work of reference among chemists 
who are occupied with the problems of cereal foods. His published 
work includes nearly 250 journal reports as well as public addresses 
and more popular articles. Shortly before his death Osborne 
published jointly with his colleague and successor, H. B. Vickery, 
a monograph in Physiological Reviews entitled “A Review of 
Hypotheses of the Structure of Proteins,’ which must be regarded 
not only as a confession of faith but as one of the sanest and most 
wisely critical essays on a most difficult subject. His last paper on 
“The Chemistry of the Cell’ concludes with the following sentence, 
which is so typical of Osborne’s scientific caution and dislike for 
premature speculations that it may be quoted: “I fear that for a 
long time to come much will still remain to be learned about the 
chemistry of the cell, but if, in the meantime, we can extend our 
knowledge of this subject it may save us from many erroneous 
conclusions based on incorrect results obtained without sufficient 
appreciation of the real nature and complexity of the problem.” 

Osborne was singularly fortunate in his conditions of work and 
enjoyed happy associations with many colleagues of distinction, © 
notably Gideon Wells, Mendel, Vickery, and Wakeman. His 
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extensive investigations would have been impossible without 
generous financial support and encouragement. Throughout the 
early years, when results came slowly and their application was by 
no means apparent, the directors of the Connecticut Agricultural 
Experiment Station allowed no interference or distraction to hinder 
the progress of the work. Since 1904 a large proportion of the 
financial burden has been borne by the Carnegie Institution of 
Washington, D.C., of which he was a research associate. Osborne’s 
connexions with both the experiment station and the Carnegie 
Institution of Washington furnish a striking example of the value 
to science of a policy of non-interference on the part of those in 
control of the distribution of funds for research. Except for 
routine annual reports, he was never asked for statements of pro- 
gress or for outlines of projects. The relationship was always one 
of the utmost mutual confidence and esteem. 

To those who were privileged to be associated with Osborne in 
his work he was a rare stimulus, a formidable opponent in argu- 
ment, and an ever-genial but just critic. He frequently closed a 
discussion with the remark that facts were to be found in the 
laboratory, not in books... He was naturally shy and retiring, but 
among a small group of friends he showed himself as a gifted con- 
versationalist, who was equally able to discuss the latest achieve- 
ments of science, the current political situation, the intricacies of 
the world of finance, or the faults of the modern educational system. 
Few men have been more free from what Bacon has termed “ the 
first. distemper of learning, the studying of words and not matter.” 

H. D. D. 

Nore.—The writer gratefully acknowledges his indebtedness to Dr. Vickery’s 
article on Dr. Osborne’s work published in the Yale Journal of Biology and 
Medicine, March, 1929. 





JOSEPH TCHERNIAC. 
Born DecEMBER 241TH, 1851; Diep DecemBER 11TH, 1928. 


Tuer death at Streatham Hill, London, on December 11th, 1928, of 
Dr. J. Tcherniac but a few months after the jubilee of his election 
as a Fellow of the Society, in. 1878, brought to a close a life excep- 
tionally fruitful in the domains of both pure and applied chemistry. 

Born in South-western Russia, Tcherniac enjoyed an excellent 
preparatory education. His tastes were inclined at an early age 
towards chemistry. After mastering the elementary principles, 
he recognised the necessity of seeking in a foreign land more ample 
" opportunities and a more stimulating atmosphere than his native 
country afforded at this period. 
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His choice fell upon Ziirich, a peculiarly happy selection. 
In 1873, when he settled in the Swiss city, Victor Meyer, at the 
famous Polytechnic, had won a foremost place among the leaders 
of research in organic chemistry. Of marvellous creative and 
inventive talent, a wonderfully inspiring teacher, he had attracted a 
numerous group of young gifted chemists from many lands.  Promi- 
nent among them were Otto Witt, later of London and Berlin, 
Emilio Noelting, subsequently the head of the famous Ecole de 
Chimie, Mulhouse, Robert Schiff of Pisa, and Emil Kopp. For 
young Tcherniac, Victor Meyer had a very marked preference, and 
a close attachment arose between pupil and teacher, which matured 
into a life-long friendship, continued undiminished until the latter’s 
untimely death. 

At that period, interest in the Ziirich laboratory was largely 
concentrated upon substituted derivatives of the aliphatic series, 
especially the nitro-compounds. Tcherniac’s first three researches 
were made in this field, in conjunction with Victor Meyer, and were 
devoted to nitro-compounds and their bromine derivatives. They 
were quickly followed by a number of allied investigations, including 
work on malonic acid and the amines. Noteworthy was the intro- 
duction of the reaction with calcium hypochlorite, to substitute 
chlorine for hydrogen in fatty amines. 

In 1874, the degree of Ph.D. was conferred on Tcherniac by the 
University of Ziirich. The thesis presented in this connexion was 
entitled ‘‘ Investigations regarding the Substitution of Aliphatic 
Nitro-compounds.”’ 

Like most young chemists of that day, he sought to broaden his 
outlook by study under another master of the science, and he 
chose Heidelberg, working there one semester under Bunsen. The 
writer’s, acquaintance with Dr. Tcherniac and life-long friendship 
began at this period. 

The contact with Bunsen was inspiring, but Tcherniac’s heart 
was never won for research in fields where the carbon atom was not 
dominant. At the close of 1875, he removed to Paris. In the 
laboratory of Adolf Wiirtz (Ecole de Médecine) he found a warm- 
hearted and congenial. welcome. The great Alsatian chemist 
honoured him all his life with his most affectionate support, and 
enlisted his active collaboration in the first supplement of his 
monumental “ Dictionnaire de Chimie.” 

In 1877, Tcherniac equipped a private laboratory at 1 Place de la 
Croix Rouge. During his residence at Paris, a number of researches 
were completed, all in connexion with groups in the aliphatic 
series; glycols, glycollide, glycollates, malonic acid, derivatives of 
acetamide and of acetonitrile, thiocyanoacetone and homologues. 
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For the first time, however, the utilitarian and technical begin to 
play a distinct rdéle. 

Could the veil hanging over future events have been lifted by the 
young inventor, he would have seen that from the moment he 
entered the thorny path of industrial chemistry, nothing but years 
of heavy toil and bitter disappointment lay in store for him. 

The most noteworthy product of this period was the manu. 
facturing process for the synthetic preparation of potassium and 
other thiocyanates. By heating concentrated aqueous ammonia 
with carbon disulphide in an autoclave, ammonium thiocyanate is 
obtained almost quantitatively. This is easily transformed into the 
calcium salt, and that into the potassium salt. The latter, heated 
with finely divided iron, readily yields potassium ferrocyanide. A 
full description of the interesting process, amply illustrated, is given 
in the supplement of the ‘“‘ Dictionnaire de Chimie,” page 594. 

Several patents were secured, a company was formed, and works 
were established near Paris. In recognition of the introduction 
of this new industry, the French Government granted Tcherniac 
the exceptional honour of naturalisation by special decree. 

The industry developed normally and the various products found 
a ready sale. Before the new venture had reached a fairly remuner- 
ative basis, the works were closed through lack of capital. 

Had not Tcherniac’s invention been so promising, he would not 
have felt such keen disappointment at the loss of the fruit of his 
five years of patient creative work. However, after a period of 
intense discouragement, he began to long for a new sphere of activity 

and a change of surroundings. He left Paris, chose a quiet rural 
spot not far from Toulon, and settled there with his family. 

At that time, the phylloxera had ruined most of the French vine- 
yards. Tcherniac’s small estate had not escaped the general ruin. 
He found there nothing but vestiges of former flourishing vines. 
With his usual thoroughness and enthusiasm, he undertook the 
fascinating problem of recreating new vineyards by grafting choice 
French varieties on sturdy American vines. Experiment had 
already shown that this practice imparted the requisite vitality 
needed to resist the ravages of phylloxera. After several years of 
unremitting study and exhaustive experimentation at the cost of 
great physical strain, he had the satisfaction of beholding his vine- 
yard perfectly healthy and productive. 

The region considered him an authority on the subject. The 
Government rewarded him by medals, offered in two successive years. 

But unmistakable signs of failing health began to make themselves 
felt. The intense summer heat rendered a return to a more tem- 
perate climate imperative. A longing to resume chemical activity 
was strongly seconded by his wife. It led them to bid farewell to 
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their lovely rural home with all its past associations. They settled 
inSov ‘hern Germany. A residence was found in the quiet university 
town of Freiburg in Baden. It offered exceptional facilities for 
chemical research. Here, a private laboratory was established 
from which issued, in rapid succession, a series of valuable researches. 

Introduced by Professor E. Noelting of Mulhouse to Senator 
Scheurer-Kestner, owner of the well-known Fabriques de Produits 
Chimiques de Thann et Mulhouse, Tcherniac was promptly entrusted 
with investigations bearing on important problems. The beginnings 
were difficult. Remuneration was slight, and no assistant was 
provided. In less than one year, however, the reward came when 
he made the important discovery of the formation of phthalonic 
acid by the action of permanganates and manganates on naphthalene. 
This reaction was embodied in several patents. The resultant 
economical synthesis of phthalic acid remained for several years 
the most advantageous method in use, until it was superseded by 
the still less costly sulphuric acid process perfected by the Badische 
Company. 

Subsequently the patents were transferred to the powerful 
“ Farbwerke ” at Héchst, and Tcherniac continued his research work 
under its auspices. The most important result was his synthesis of 
phthalchloroimide, and the discovery that that substance gave a 
theoretical yield of anthranilic acid by treatment with alkalis. 

In the midst of activities concentrated upon the solution of 
problems in technical chemistry, time was occasionally found for 
research in purely scientific fields. Memoirs appeared on thio- 
cyanoacetone, chloroimides, cyanogen bromides, hydroxymethyl- 
thiazole, and allied subjects. 

In 1901, Tcherniac began in his laboratory an exhaustive study 
on the recovery of thiocyanates from waste lime, then produced in 
considerable quantities by gas companies. The results of this 
study were entirely satisfactory. Friends in England suggested 
that he should endeavour to get in touch with the South Metro- 
politan Gas Company, in which endeavour they actively assisted 
him. This ultimately led to his association with the above Com- 
pany, whose distinguished Chairman, Dr. Carpenter, now kindly 
gives an epitome of the connexion of his Company with Dr. Tcherniac. 

‘‘ My intimacy with Dr. Tcherniac dates from 1902 when I visited 
him at Freiburg to discuss his proposals to extract Ca(CNS), from 
waste lime, then produced in large quantities by metropolitan gas 
companies. As a result he came to London two years later to take 
charge of the adaptation of his process to the large scale. Changes 
in the methods of coal carbonisation and gas purification some years 
later rendered unremunerative the extraction of the HCN from 
coal gas as thiocyanate and it was discontinued. But during the 
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years of our association I had come to have a high appreciation of 
Dr. Tcherniac’s qualities. He was never at a loss for a ‘ way round’ 
whenever any difficulty arose in adapting laboratory to large-scale 
requirements. He was besides a man of great personal charm and a 
chimiste savant, in the broad sense of the word.” 

During his nine years of arduous work at the South Metropolitan 
Gas Company, Tcherniac was fortunate in enjoying the. unvarying 
sympathy and support of Dr. C. C. Carpenter. 

In 1915, once more under extremely adverse conditions, partly 
owing to the war, Tcherniac resumed work as a consulting chemist 
and equipped the finely appointed laboratory at Streatham Hill, so 
familiar to his professional friends. During the first six months, 
he worked for Lord Moulton, then head of the High Explosives 
Department at the War Office. Tcherniac always felt very grateful! 
to Lord Moulton for the kindness he showed him at that time and 
afterwards. 

From 1916, Tcherniac was associated for 11 years with the well- 
known firm of Rowntree & Co. of York. He did for them an 
enormous amount of chemical research in his laboratory and many 
interesting and valuable results were obtained. 

However, the time was nearing when his engagement with the 
firm had to be terminated. This took place in 1927. He always 
felt under great obligation to Mr. B. Seebohm Rowntree, chairman 
of the Company, for his unfailing sympathy and kindness. 

In the last year of Tcherniac’s life, again a vast amount of work 
was achieved, and all current investigations in his laboratory were 
successfully concluded. His inventive and creative powers were 
undiminished until, in the autumn of 1928, his strength began to 
give way. Medical aid seemed helpless to stem the rapid ebb of 
vital forces. He died after several weeks of terrible physical suffer- 
ing, borne with admirable courage and in full possession of his 
wonderful intellectual vigour. 

In reviewing a long career of over fifty years, one is impressed by 
the close, intimate, life-long ties which existed between Tcherniac 
and many of the noted leaders of our science. 

Very reserved, almost shy, he was only at his best in congenial 
society and with those who understood his nature. With them, 
he felt unrestrained and his conversation exerted a captivating 
charm. Not only was he at home in manifold branches of human 
knowledge, but he had a wonderful gift of grasping essentials and 
expounding every subject in a lucid and attractive manner. His 
familiarity with chemical literature was exceptional. Aided by an 
unusually retentive memory, he had practically memorised al! of 
Liebig’s Annalen at the age of 23. 

Tcherniac was fortunate in the choice of assistants and co-workers. 
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To these he gave of his best, training them to a high degree of 
technical skill and awakening in them much of his own love for 
pure chemistry. 

His pronounced taste for literary mastengleet, combined with 
unusual linguistic talent, led to a remarkable facility of expression 
in English, French, and German. His numerous scientific memoirs 
written in the three tongues exhibited a purity of idiom, a grace of 
diction, and a richness of vocabulary seldom possessed by the 
native-born chemist of the three countries in question. I often 
marvelled at his extensive acquaintance with general literature, 
with all that was noteworthy among French, English, German, and 
American works. One of his hobbies was the collection of first 
editions of British authors. His only recreation was chess, for which 
he possessed a remarkable skill. 

Throughout life, he was a member of the Chemical Society and of 
the Deutsche Chemische Gesellschaft. 

Tcherniac’s life was full of discouraging obstacles and disap- 
pointments. Like other chemists, he had to witness promising 
inventions successful for a few years and then superseded, in this 
remorseless age of quick succeeding discovery, by other more 
effective processes. In all these varied crises, he displayed an 
extraordinary courage, an indomitable energy, and an ability to 
parry the reverses of fortune which awakened the admiration of 
his friends and elicited their cordial support. Unquestionably the 
chief source of his strength lay in a family life of singular charm. 
Married young to Pauline Brodsky, daughter of I. M. Brodsky of 
Kieff, he found in his wife a helpmate whose many attractive 
qualities and resolute character contributed largely to the happiness 
of her husband. 

Mrs. Tcherniac was endowed \. ith much of his literary taste and 
linguistic talent. Possessed of great tact and social charm, she 
was a genial hostess to the many professional friends who frequented 
the Tcherniac home. 

Their union was blessed with nine children, in whose companion- 
ship Tcherniac found his chief joy and association. Bereavement 
cast too frequent shadows on these delightful relations. 

Tcherniac loved nature and never ceased to meditate on her 
immutable laws and impenetrable mysteries. In his dreams, he 
often saw the peaceful retreat he had left so many decades ago, the 
vineyards, olive groves, and shady fig trees, a true image of Biblical 
scenery. He often said that the happiest years of his life were those 
spent in rural pursuits and in constant communion with nature. 

Tuomas H. Norton. 
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salts, X-ray structure of (PIPER), 
234. 
monobasic, heats of crystallisation 
of (GARNER and Krne), 1849. 
olefinic lower (Eccorr and LinsTEAp), 
2153. 
organic, dissociation 
(VocEL), 1476, 1487. 
unsaturated conjugated, reduction of, 
by metals soluble in aqueous solu- 
tions (BurRTON and INGoLD), 2022. 
Address, presidential ({'HoRPE), 834, 
Adipic acid, catalytic and thermal de- 
composition of (VoGEL), 727. 
Adipodi-8-phenylethylamide (CHILD and 
PyMAN), 2015. 
Adipodi-8-piperonylethylamide (CHILD 
and PymAN), 2016. 
Adipodi-8-veratrylethylamide 
and PymAn), 2016. 
Alcohols, equilibrium between salts and 
(Grisson, Driscott, and Jongs), 
1440. 
polyhydric, partial estérification of 
(FAIRBOURNE and CowpbREy), 129; 
(FAIRBOURNE), 1151, 2232. 
Aldehydes, aromatic, Tesla-luminescence 
spectra of(RussELLand STEWART), 
2407. 
substituted, pyridine synthesis from 
(H1inKEL and MADEL), 750. 
Aldehydes, chloro-, action of potassium 
cyanide on (CHATTAWAY and IRVIN@), 
1038. 
Aldoximes, methylation of (Brapy and 
CHOKSHI), 2271. 
and their derivatives, action of semi- 
carbazide hydrochloride and of 2:4- 
dinitrophenylhydrazine hydrochlor- 
ide on (BRADY and PEAKIN), 478. 
Alizarin dimethyl ethers, 3-amino- and 
3-nitro- (PERKIN and Srory), 1416. 
Alkaline-earth hydroxides, compounds 
of sugars with (MACKENZIE and QUIN), 
951. 
Alkaloids, aporphine. 


constants of 


(CHILD 


See Aporphine 


alkaloids. 
lupin. See Lupin alkaloids, 
Alkoxides, sodium, tautomerism in 


(Kon and Linsteap), 1269. 
Aluminium bromide, parachor of (Suc- 
DEN), 328. 
chromate (Brices), 243. 
Amalgams. See Mercury alloys. 


Amidoximes, isomeric (BRADY and PEaA- 
KIN), 2267. 
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Amino-compounds, action of nitrous 
acid on (TAYLOR and PrIcE), 2052. 

Ammines (Krve), 2593. 

Ammonia, effect of drying on (Smits, 

Swart, and Bruin), 2718. 
thermal decomposition of (Strine- 
FELLOW), 1. 

Ammonium : — 

Diammonium molybdenyl pentabrom- 
ide (ANGELL, JAMES, and Warp- 
LAW), 2580. 

Ammonium chloride, band formation of, 

from ammonia and hydrochloric 
acid (HEDGEs), 1849. 

density and viscosity of standard 
solutions of, in hydrochloric acid 
(INGHAM), 2059. 

iodide, vapour density and pressure of 
(PuRCELL and pe LANGE), 275. 

nitrate, equilibrium of carbamide with 
(HowELts), 910. 

Ammonium organic compounds :— 
Ammonium hydroxides, quaternary, 

degradation of (INGoLD and JEssor), 
2357. 

Amy] ‘alcohol, «-chloro-, derivatives of 
(BENNETT and HEatHcoAT), 273. 

Amyl methyl sulphide, ¢«-chloro- (BEN- 
NETT, HEATHCOAT, and Mossss), 2571. 

d-Amyl derivatives, direct space effect 

in (RULE), 2524. 

8-n-Amylamino-6-methoxyquinoline, 8- 
e-amaino-, and its salts (BALDWIN), 
2964. 

Amylases of cereals (BAKER and HUvL- 
TON), 1655. 

Amylene, pressure—temperature curves 
of mixtures of oxygen with (I.EwIs), 
759. 

n-Amylphthalimide, 

WIN), 2963. 

Anhydro-y-o-carboxybenzamidopropyl- 


e-bromo- (BALD- 


6-methoxyquinolinium hydroxide 
(SESHADRI), 2957. 
Anhydrocatechin tetramethyl ether, 


preparation of, and its derivatives 
(BAKER), 1593. 
Anhydrocotarnine-2-nitro-3:4-di- 
methoxyphenylacetonitrile (G@ULLAND 
and VIRDEN), 1798. 
y-Anhydrodihydrolupinine, and its 
derivatives (CLEMO and RAPER), 1936. 
Anhydrodihydromethyl-lupanines, and 
their derivatives (CLEMO and RAPER), 
1937. 
Anhydrolaudaline-2-nitro-3:4-di- 
methoxyphenylacetonitrile (GULLAND 
and VIRDEN), 1798. 
y-Anhydrolupinine, and their derivatives 
(CLEMo and Raper), 1935. 
Anhydromethyl-lupanines, and _ their 
derivatives (CLEMo and RapsEr), 1936, 
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Anhydro-2:3-(2’-phenylpyrrole)(4’:5’)- 
quinoline methohydroxide (RoBIn- 
son), 2951. 

Anilides, solubility of, in aqueous solu- 
tions of acetic acid (BRADFIELD and 
WILLIAMS), 2542. 

halogenation of (BRADFIELD, JONES, 
and Orton), 2810. 

Aniline, s-trichloro-, picrate (BENNETT 

and WILLIs), 267. 

2:3:5-trichloro- and 2:3:6-trichloro-4- 
nitro- (Hopeson and KERsHAW), 
2920. 

$:4-dihydroxy-, diacetyl derivative 
(BALABAN), 1092. 

Anilines, nitro-, formation of, from 
phenylnitroamines (BRADFIELD and 
Orton), 915. 

1-Anilinobenzthiazoles, mono- and di- 
bromo- and -chloro-, 5:4’-dicyano-, 
-difluoro-, -diiodo-, and -dinitro-, and 
their derivatives (Dyson, HuNTER, 
and SoyKa), 460. 

1-Anilinobenzthiazole-5:4’-dicarboxylic 
acid, and its ethyl ester (Dyson, 
HuntTER, and SoyKa), 465. 

f-Anilinobutyracetal, action of phos- 
phorus pentoxide on (Mason), 
1560. 

1-Anilino-A1:*-cyclohexene-2-carboxylic 
acid, ethyl ester (BLouNT, PERKIN, 
and PLANT), 1986. 

9-Anilinomethyl-2-methylanthracene, 
and 10-bromo- (BARNETT and Goop- 
way), 1760. 

$-Anilino-oxindole (CALLow and Hore), 
1198. 

o-Anisaldehyde, preparation of (Cori- 
SAROW), £89. 

benzoylhydrazone (AGGARWAL, Dar- 
BARI, and RAy), 1944, 

Anisole, trichloro-, mono- and di-chloro- 
iodo-, dichloroamino-, and dichloro- 
nitro- (Hopcson and KErsHAw), 
2921. 

3-chloro-4-nitroso- (Hopcson and 
KeErsHAw), 1555. 

B-p-Anisylgalactoside, and its tetra- 
acetyl derivative (RoBERTsON), 1821. 

Annual General Meeting, 817. 

Anthoxanthins (RoBINson and VENKA- 
TARAMAN), 61; (HEAPand Rosrnson), 
67; (BAKER, Nopzv, and Rosrnson), 
74, 

Anthracene, synthesis of meso-alky] and 
meso-aryl derivatives of (BARNETT 
and GoopWwAy), 20, 1754. 

synthesis of homologues of (MorGAN 
and CovuLson), 2208, 2551. 

Anthracene, chloro-3:9-dihydroxy-, and 

3:9-dihydroxy-, diacetyl derivatives 

(HarDacrE and PERKIN), 187. 
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Anthragallol, acetyl, benzoyl, and 
ae ps ok gee derivatives, and 
their methyl and dimethyl ethers 
(PERKIN and Story), 1409. 

Anthragallol mono- and di-methyl 
ethers, synthesis of (PERKIN and 
Story), 1399. 

Anthranilic acid, /-menthy] ester (RULE 

and MacGILuivray), 406. 
1-sec.-B-octyl ester (RULE, MILEs, and 
MacGILLIVRAY), 2278. 

Anthranol, chlorohydroxy- and 2-iodo- 
8-hydroxy- (HARDACRE and PERKIN), 
188. 

Anthraquinone, 3-amino-2-hydroxy-, 1- 
mono- and 1:;3-di-bromo-2-hydroxy-, 
1-chloro-2-hydroxy- and 3-iodo-2- 
hydroxy-, and their derivatives'(HARD- 
ACRE and PERKIN), 185. 

Anthraquinone-2:7-dicarboxylic acid 
(MorGAN and Counson), 2211. 

Anthraquinones, hydroxy-, reduction 
products of (HARDAORE and PERKIN), 
180. 

Anti-malarials, new (BARGER and 
Rosinson ; Ropinson), 2947; (SEs- 
HADRI), 2952; (BALDWIN), 2959; 
(CHATTERJEE), 2965. 

Antimony jentachloride, action of 
sulphur fnonochloride on (PARTING- 
TON), 2573. 

chlorides, additive compounds of, with 
hexamethylenetetramine (Durr and 
Brus), 417. 

chromate (Brieges), 243. 

chromite (Briaas), 244. 

Antimony organic compounds, nitration 
of benzy] derivatives of (CHALLENGER 
and Peters), 2610. 

Aporphine alkaloids (CALLow, GuL- 
LAND, and HaworrH), 658, 1444; 
(GULLAND, HawortTH, VIRDEN, and 
CALLow), 1666. 

l-Arabinose, degradation of (DEULOFEU 
and SELVA), 225, 

Argentothiosulphuric acids, and their 
derivatives (BAINES), 2763. 

Aromatic compounds, influence of y-acid 
systems on substitution in (BAKER), 
2257. 

Arsenic, phosphorescent flame of 

(EMELkvs), 1846. 
parachor of (HENLEY and SuGDEN), 
1060. 

Arsenic jfribromide and frichloride, 
parachors of (HENLEY and SUGDEN), 
1062. 

trichloride, action of sulphur 
monochloride on (PARTINGTON), 
2577. 

trisulphide _ sols, 

(GHosH), 2695. 


coagulation of 
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Arsenic organic compounds, nitration 
of benzyl derivatives of (CHAL- 
LENGER and PereErs), 2610. 

from 3-aminoacenaphthene (G1BsoN 
and JoHNsoN), 1621. 

aromatic, sulphur derivatives of 
(EVERETT), 670. 

Arsenobenzenes, diamino-, dibromo-, 
dibromodiamino-, dibromodihydr- 
oxy-, and their derivatives (Hay- 
THORNTHWAITE), 1014. 

bromo-, chemotherapy of (H AYTHORN- 
THWAITER), 1011. 

5:5’-Arseno-(2:3 dihydro)benziminazol- 
one (EVERETT), 676. 

pp’-Arseno(diphenylearbamide) (Ever- 
ETT), 676. 

pp’ -Arseno( diphenyl thiocarbamide) 
(EVERETT), 675. 

Arsenopyrocatechol methylene ether, 
ani 6:6’-diamino- (BALABAN), 1090. 

4:4’-Arseno(-1-thiobenzoxazolone) 
(EVERETT), 676. 

5:5’-Arseno-(2-thiolbenziminazole) 
(Everett), 676. 

Arsinic acids, identification of, by 
means of thiolacetamide (BARBER), 
1024. 

Arylsulphuric acids, nitro- (BURKHARDT 
and Woop), 141. 

Arylthioarsinous acids, derivatives of 
(BarBER), 1020. 

Aspergillus oryze, production of kojic 
acid from — by (CHALLENGER, 
KLEIN, and WALKER), 1498. 

Atomic weights, report on, 216. 
table of, 218. 

Azelaic = dimorphisin of (Caspar), 

2709. 

catalytic and thermal decomposition 
of (VocEL), 730. 

Azelaodi-8-phenylethylamide 
and PyMAN), 2015. 

Azelaodi-8-veratrylethylamide (CHILD 
and PymAn), 2016. 

Azides, volatility and 
(Stpewick), 1108. 

Azobenzene 2:2’-disulphate, potassium 
derivative (BURKHARDT and Woop), 
150. 

Azonaphthols, conversion of, into azo- 
sulphites (Kina), 601. 

p-Azoxyanisole, preparation of, and 

3:3’-dichloro-( Davizsand Down), 587. 

7-Azoxy-5-carboline-3-carboxylic acid 

(GULLAND, Ropinson, Scorr, and 

THORNLEY), 2941. 


Balance sheets of the Chemical Society 
and the h Fund. See Annual 
General Meeting, 817. 


(CHILD 


structure of 
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Behenic acid, heat of crystallisation of 
(GARNER and KIN@), 1859. 

Bentonite, effect of proteins on coagul- 
ation of suspensions of, by electrolytes 
(GHosH), 2285. 

Benzaldehyde p-nitrobenzoylhydrazone 
(DANN and Daviss), 1054. 


Benzaldehyde, 
phenylhydrazone 
CooPER), 234. 

m-nitro-, benzoylhydrazone (AGGAR- 
WAL, DarsarI, and RAy), 1945, 
2:4-dinitro-, as a reagent (BENNETT 
and Pratr), 1465. 
Benzaldehydes, fluorobromohydroxy-, 
fluorohydroxy-, and fluoronitrohydr- 
oxy-, and their derivatives (HopGson 
and Nrxon), 1635. 
Benzaldehyde - p - trimethylammonium 
salts (HopGson and CocPER), 233. 
Benzsynaldoxime, and its derivatives, 
tate of change of, into the anti-forms 
(PATTERSON and Taomson), 1897. 

Benzanilide, 3:4-dichloro- (WATERS), 
2108. 

Benzene, effect of drying on physical 
properties of (Briscoz, PEEL, and 
Rosiyson), 368. 

effect of an electric field on boiling 
point of (Smirx), 788. 

derivatives, halogen - substituted, 
Tesla-luminescence spectra of (Rus- 
SELL and STEWART), 2432. 

Benzene, yentaamino-, and hexaamino-, 
and its derivatives (FLO@RscHEIM 
and Houmss), 330. 

m-dichlorodinitro-derivatives (DANN), 
2460. 
2:3:5-trichloronitro- 
KERSHAW), 2920. 
fluoro-, fluorescence spectrum of 
(RussELL and STEewartT), 2434; 
(MonyYPENY and RussEL1), 2436. 
4-nitro-1:2-dihydroxy-, diacetyl deriv- 
ative (BALABAN), 1092. 
Benzeneazo-3:6-disulpho-8-naphthyl 
sodium sulphite (Kine), 607. 
Benzeneazopheny] sulphate, dihydroxy-, 
potassium derivative (BURKHARDT and 
Woop), 147. 
Benzeneazo-6-sulpho-8-naphthy] sodium 
sulphite (KiNG), 607. 

Benzene-1.3-disulphonyl chloride, 

5-nitro-, additive compounds of (BEN- 

NETT and WILLIs), 266. 


p-hydroxy-, p-nitro. 
(Hopeson and 


(Hopeson and 


Benzenesulphonhydrazide, o-nitro- 
(DANN and Davrgs), 1054. 
Benzenesulphonic acid, 3:5-diiodo-4- 


hydroxy-, lead salt (DickINsoN), 


858. 
ulphon-8-naphthalide, m-nitro- 





Benzenes 
(BELL), 2786. 














ul. 
tes 


ne 











Benzenesulphon-o’p’-dinitroanilide, 
m-nitro- (BELL), 2789. 

Benzenesulphonnitroanilides, 
(BELL), 2788. 

Benzenesulphon-8-nitro-S8-naphthalide, 
m-nitro- (BELL), 2786. 

Benzenesulphon-1:6-dinitro-8-naphthal- 
ide, m-nitro- (BELL), 2786. 

Benzenesulphon-1:6:8-irinitro-B- 
naphthalide, m-nitro- (BELL), 2786. 

dl-Benzenesulphonylalanine, resolution 
of, and its derivatives (Ginson and 
LEVIN), 2754. 

9-Benzhydrylanthrone, and _  1:5-di- 
chloro- {BARNETT and Goopway), 21, 
813. 

10-Benzhydry1-9-benzylanthracene 
(BARNETT and Goopway), 1757. 

10-Benzhydry1-9-benzyl-9:10-dihydro- 
anthranol-9 (BARNETT and Goop- 
way), 1757. 

10-Benzhydryl-9-methylanthracene 
(BARNETT and Goopway), 1757. 

10-Benzhydry1l-9-methyl-9:10-dihydro- 
anthranol-9 (BARNETrand Goopway), 
1757. 

Benzidine, molecular compound of mm’- 
dinitrobenzil and (Boon and NisBet), 
1902. 

Benzidine, dihydroxy-, diacetyl deriv- 
ative (BURKHARDT and Woop), 152. 
Benzil, mm/’-dinitro-, additive com- 
pounds of (Boon and Nisset), 1901. 
Benziminazoles, 1-substituted, formation 

of (PHILLIPS), 2820. 

Benziminazole-5-arsenic disulphide, 2- 
thiol- (EVERETT), 675. 

Benziminazole-5-arsinic acid, 2-thiol- 
(EvERETT), 677. 

Benziminazole-2-propionic acid, and its 
derivatives (CHATTERJEE), 2966. 

8-Benziminazolylethylamine dihydro- 
chloride (CHATTERJEE), 2967. 

Benzmethoxamyl chloride, m-nitro- 
(Brapy and Peaxrn), 2270. 

Benzodimethylamide, m-nitro- (BRADY 
and PEAKIN), 2270. 

Benzodimethylamidoxime, m-nitro-, and 
its derivatives (BRapy and PEAKIN), 
2269. 

Benzoic acid, /-menthyl ester, influence 
of ionisable groups on rotatory power 
of (RuLE and MacGILuivray), 401. 

Benzoic acid, o-bromo-, replacement of 
halogen in (HurTLEY), 1870. 

4-fluoro-2-hydroxy- (HopGson and 
Nrxon), 1639. 

m-nitro-, dichloronitrophenyl esters 
(Groves, TURNER, and SuHArpP), 
521. 

p-nitro-, a-methylallyl ester (Burton), 
456. 


m-nitro- 


INDEX OF SUBJECTS, 
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Benzoic acid, 3:5-dinitro-, ‘y-chloro- 
propyl ester (BENNETT and HEatH- 
COAT), 271. 

Benzoic acids, amino-, /-8-octyl esters 
(Ruz, Miues, and MAcGILLIVRAy), 
2279. 

amino- and hydroxy-, 7-menthy] esters 
(Rue and MacGILuivray), 405. 

Benzoin diethylacetal (WARD), 1541. 

Benzomethylethylamidoxime, m-nitro- 
(Brapy and PEAKIN), 2271. 

Benzophenone, 3:5-dibromo-, 3-bromo-4- 
amino-, 3:5-dibromo-4-amino-, 3- 
bromo-5-iodo-4-amino-, 8:5-di- 
chloro-, 3:5-dtiodo-, 3-iodo-4-amino-, 
8:5-diiodo-4-amino-, 5-iodo-3-nitro-, 
3:5-dinitro-, and 3-nitro-5-amino-, 
and their derivatives (WATERS), - 
2108. 

4-chloro-4’-bromo-, nitration of 
(Groves and TuRNER), 509. 
a-Benzophenoneoxime, p-nitro-, action 
of ultra-violet light on (BrRapy and 
CHoKsHBI), 2273. 

Benzo~y-pyrones, constitution and 
colloidal properties of (BAKER and 
EastTwoop), 2897. 

p-Benzoquinone, additive compounds of 
(BENNETT and WILLIs), 267. 

p-Benzoquinonedioxime 4-methyl ether 
(Hopeson and KersHaw), 1557. 

Benzoquinone-4-oxime, 3-chloro-, and 
its derivatives (Hopason and KEr- 
SHAW), 1556. 

Benzoxanthaspiropyran (IRVING), 1094. 

1:4-Benzisooxazines, amino-3-hydroxy-, 
3-hydroxy-nitroamino- and _ nitro-3- 
hydroxy-, and their acetyl derivatives 
(BALABAN), 2608. 

1:4-Benziscoxazine-6-thioarsinous acid, 
8-amino-3-hydroxy-, 8-acetyl deriv- 
ative, esters of (BARBER), 1023. 

Benzoxazolone-4-arsenic disulphide, 1- 
thio- (EVERETT), 674. 

Benzoxazolone-4-arsinic acid, 1-thiol- 
(EVERETT), 677. 

Benzoylacetone, and 
thallium derivative, 
(SuaDEN), 325. 

8-Benzoylbenzylhydrazine (AGGARWAL, 
DarpBaRl, and Riy), 1945. 

y-Benzoylbutyric acid, o-amino, and 
its benzoyl derivative (PLANT), 
2497. 

s-Benzoy1-3:4-dimethoxy benzylhydr- 
azine (AGGARWAL, DARBARI, and 
Rdy), 1943. 

Benzoyldi-o-tolylamine (Gipson and 
JOHNSON), 2748, 

Benzoylhydrazine, copper sulphate 
compound of (AGGARWAL, DARBARI, 
and RAy), 1946. 


its dimethyl- 
parachors of 








8006 INDEX OF 


Benzoylhydroperoxide, oxidation of a- 
terpinene with (ELson, Gieson, and 
SIMONSEN), 2732. 

9-Benzoyl-10-hydroxyhexahydrocarb- 
azole, 11-nitro-9-p-chloro- (PLant and 
RUTHERFORD), 1974. 

9-Benzoyl-10:11-dihydroxyhexahydro- 
— (PLant and RuTHERFORD), 
1974. 

Bay era a gp 
(AGGARWAL, DARBARI, and RAy), 
1944. 

s-Benzoy!-4:5-methylenedioxybenzyl- 
hydrazine (AGGARWAL, DARBARI, and 
RAy), 1944. 

Benzoylphenyl-o-tolylamine (Gisson and 
JOHNSON), 2748. 

N-Benzoylpiperazine (Moorr, Boyer, 
and THORN), 46. 

4-Benzoylpiperazine-l-carboxylic acid, 
ethyl ester (MoorE, Boy.r, and 
THorn), 45. 

Benzoylpyridines, nitro- (BRYANS and 
TURNER), 551. 

O-Benzoylsyringic acid, and its deriv- 
atives (HEAP and Roprnson), 70. 

9-Benzoyltetrahydrocarbazoles, chloro- 
= nitro- (PLANT and RUTHERFORD), 

4. 

Benzoyl-o-tolyl-m-tolylamine 
and JoHnson), 2748. 

Benzoyl-m-tolyl-p-tolylamine 
and JoHNson), 2748. 

et are, 2:2’-dichloro- (HatTrT), 

8. 

Benzthiazole, 1-chloro-5-bromo- (Dyson, 
Hunter, and SoyKa), 461. 

Benzthiazoles, amino-(Dyson, HUNTER, 
and Soyka), 458; (Hunrer and 
PripR), 943. 

Benzylamine picrate 
SHoppEs), 1202. 

Benzyldiethylamines, nitro-, and their 
salts (BENNETT and WILLIs), 264. 

1-Benzyl-1:2-dihydrobenzisothiazole, 2- 
thio- (McCLELLAND, WARREN, and 
JACKSON), 1585. 

Benzyldimethylamines, nitro-, and their 
salts (BENNETT and WILLIs), 264. 

Benzylidene-p-aminoacetanilide, di- 
nitro- (BENNETT and PRATT), 
1467. 

Benzylidene-py-aminophenol, 
(BENNETT and Pratt), 1466. 

Benzylidene-4-aminoquinoline, dinitro- 
(BENNETT and Pratr), 1467. 

Benzylidene-3:5-dibromoaniline, di- 
nitro- (BENNETT and Pratt), 1466. 

Benzylidenebrucine hydrochloride (PEr- 
KIN and Rosrnson), 998. 

Benzylidene-m-chloroaniline, 
(Bennett and Pratt), 1466. 


(GIBsoN 


(GIBSON 


(INcotp and 


dinitro- 


dinitro- 
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1-Benzylidenecoumaran-2-one, 5:6-dj. 
hydroxy-, ethylearbonato and toln. 
enesul phony! derivatives (PERKIN and 
Story), 1420. 

Benzylidene-p-iodoaniline, 
(BENNETT and Pratt), 1466, 

Benzylidene-p-methoxybenzylamine 
(INGoLD and SHOPPE), 1202. 

-Benzylidene-a-csopropylacetoacetic 
acid (HrILBRON and Irvine), 941, 

Benzylidenestrychnine (PERKIN and 
Rosinson), 997. 

Benzylmalonic acid, -3-nitro-, and its 
ethyl ester (GULLAND, HAworrH, and 
VIRDEN), 1671. 

Benzylmethylamine, p-chloro- and p- 
cyano-, hydrobromides (BAKER), 1206, 

9-Benzylmethylanthracenes, and 10- 

bromo- (BARNETT and Goopway), 

1760. 
and 4-Benzyloxydiphenylmethane 

(SHortT and Srewart), 556. 

4-Benzylpenthian-4-ol, and its deriv. 
atives (BENNETT and WADDINGTON), 
2832. 

4-Benzylpenthian-4-ol oxides (BENNETT 
and WADDINGTON), 2835. 

4-Benzy1-3-phenylcoumarin, 7-hydroxy- 
(BAKER and Eastwoop), 2906. 

Benzylpiperidines, oxidation of, and 
their benzoyl and benzenesulphonyl 
derivatives (Bryans and Pymay), 
549. 

Benzylpyridines, nitration of (BRYANs 
and Pyman), 549. 

O-Benzylsyringic anhydride (Hear and 
Rosrnson), 71. 

Benzyltrimethylammonium bromide, and 
m-bromo- (BAKER and INGOLD), 438. 

Benzyltrimethylphosphonium bromide 
(FENTON and INGOLD), 2353. 

Beryllium peroxide (PERKINS), 1687. 

2:6-Bis/7ichloromethyl-4-dichloro- 
methylenecyclo-1:3:5-oxadithia- 
2:4:6-trimethylenes (CHATTAWAY and 
KELuETT), 2915, 

Bis-1-chlorocycloselenipentane 1-chloro- 
platinate (MorGAN and BursrtAtt), 
2201. 

ad-Bis-(6:7-dimethoxy-3:4-dihydroiso- 
quinolyl-1-)butane, and its derivatives 
(Cuitp and PyMan), 2016. 

a6-Bis-(6:7-dimethoxy-3:4-dihydrozso- 
quinolyl-1-)octane, and its derivatives 
(CHILD and Pymay), 2020. 

ae-Bis-(6:7-dimethoxy-3:4-dihydroiso- 
quinolyl-1-)pentane, and its deriv- 
atives (CHILD and Pyman), 2018. 

ad-Bis-(6:7-dimethoxy-2-methyltetra- 
hydroisoquinolyl-1-)butane, and its 
hydrochloride (CHILD and PyMay), 
2018. 


dinitro. 
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«-Bis-(6:7-dimethoxytetrahydroiso- 
quinolyl-1-)butane, and its salts 
(CuiLD and Pyman), 2017. 

ae-Bis-(6:7-dimethoxytetrahydroiso- 
quinolyl-1-)pentane, and its hydro- 

chloride (CHILD and Pyman), 2019. 

Bis-(4-methoxys 1 n-hexyl ketone) 
(HEILBRON and IRVING), 935. 

«3-Bis-(6:7-methylenedioxy-3:4-dihydro- 
isoquinolyl-1-)butane, and its deriv- 
atives (CHILD and Pyman), 2020. 

Bismuth érichloride, additive compound 

of, with hexamethylenetetramine 
(Durr and Butts), 417. 

chromite (Brica@s), 244. 

Bisdinitrobenzylidene-4:4’-diaminodi- 
phenylamine (BENNETT and Pratt), 
1467. 

Bisdinitrobenzylidene-o-phenylenedi- 
amine (BENNETT and PRATT), 1467. 

Bisdinitrobenzylidene-3:4-tolylenedi- 
amine (BENNETT and Pratt), 1467. 

Bis-(4-isopropylstyryl isobutyl ketone) 
(HerLBron and IRVING), 934. 

Bis(styryl butyl ketones) (HEILBRON 
and IRVING), 933. 

Bis(styryl ~-heptyl ketone) (HEILBRON 
and IRVING), 935. 

Bis(styryl hexyl ketones) (HEILBRON 
and InvinG), 935 

Bis(styryl ketones), formation of 
(HEILBRON and IRviNG), 931. 

Bis(atyryl »-octyl ketone) (H=ZILBRON 
and IrvING), 936. 

Bis(styryl n-propyl ketone) (HEILBRON 
and IRVING), 933. 

2:4-Bistriphenylmethyl-1-naphthol 

(Harpy), 1006. 

8-d-Bornylgalactoside, and its tetra- 

acetyl derivative (ROBERTSON), 1822. 

Boron :— ‘ 

Borie acids (G1LBERT and LEv1), 527. 

Borotartaric acid (BurcEss and 

HuNTER), 2838. 

potassium salt (Lowry), 2853. 

Bromine, action of, on aliphatic acids 

(HueHEs and Watson), 1945. 
interaction of, with acetic anhydride 
(WATSON and GREGORY), 1373. 
influence of light intensity on photo- 

chemical union of hydrogen and 
(BoDENSTEIN, Jost, and JvuNG), 
1153. 

Hydrobromic acid, velocity of inter- 
action of N-chloroacetanilide and 
(RicHARDSON and Soper), 1873. 

Brucine (PERKIN and Rosrnson), 964. 

Butadienes, cyclic, dibromides of 
(FARMER and Scott), 172. 

Butadiene acids, cyano-, Guareschi’s, 
constitution of (Grpson and Srmon- 
SEN), 1074. 
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cycloButane-1:1-dicarboxylic acid, pre- 
paration of, and its disodium salt, 
and their dissociation constants 
(VoGEL), 1489. 

cycloButane-1:2-dicarboxylimide (MEn- 
ON and SIMONSEN), 304. 

As-Butenylmalonic acid, and its ethyl 
ester (Eccott and LinsTEaD), 2163. 

p-n-Butoxybenzoic acid (BRADFIELD and 
JONEs), 2661. 

n-Butyl aleohol, equilibrium of, with 
acetone and water, and with water 
(JONES), 799. 

Butyl alcohol, 5-chloro-, and its deriv- 
atives (BENNETT and HFATHCOAT), 
272. 

Butyl ethyl sulphide, 5-chloro- (BEn- 

HEATHCOAT, and Mossgs), 


8-n-Butylamino-6-ethoxyquinoline, and 
its hydrochloride (BALDWIN), 2962. 

8-n-Butylamino-6-methoxyquinoline, 
and 5-amino-, acety] derivative (BaLp- 
WIN), 2961. 

teyt.-Butylbenzene, m-amino-, acetyl 
derivative, nitration of (SHOESMITH 
and MackIR), 476. 

Butylchloral cyanohydrin (CHATTAWAY 
and Irvine), 1044, 

1-Butylcycloselenibutane, 1-5-bromo-, 
1-bromide (MoRGAN and BursTALL), 
1101. 

3-isoButyl-1:2:4-triazole, 5-amino-, 
nitrate (REILLY and MADDEN), 816. 

Butyric acid, density of mixtures of 
water and (GRINDLEY and Bury), 679. 


Cc. 


Cadmium chromate (Briaes), 244. 
peroxide (PERKINS), 1687. 

Calcium chloride, improved tube for 

(Harpy), 1108. 

additive compound of, with hexa- 
methylenetetramine (Dur¥F and 
Bruns), 418. 

Camphorsulphonic acid, and a-bromo-, 
menthylamine salts (READ, STEELE, 
and CARTER), 26. 

Carhamide (wrea), equilibrium of am- 
monium nitrate and (HoWELLs), 910. 

4-Carbamylmethylaminopheny]thio- 
arsinous acid, di(carboxymethy]) ester 
(BARBER), 1028. 

-o-Carbethoxyaminobenzoylbutyric 
acid (PLANT), 2498. 

Carbethoxyethylenediamine, and its 
derivatives (MoorE, Boye, and 
THORN), 49. 

N’-Carbethoxyethylenediamino-V- 
acetic acid, ethyl ester (Moors, 
Boyz, and THorn), 51. 
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B-Carbethoxy-5-methoxyindole-3-propi- 
onic acids, ethyl esters (BARRETT, 
PERKIN, and Rosrnson), 2944. 

Carbethoxy--nitrobenzodimethylamid- 
oxime (Brapy and PEAKIN), 2271. 

4-Carbethoxypiperazinoacetic acid, cthy] 
ester (Moorz, BovLz, and THorn), 48. 

4-Carbethoxypiperazino-y-butyric acid, 
ethyl ester (Moorz, Boyrz, and 
THORN), 49. 

4-Carbethoxypiperazino-8-propionic 
acid, ethyl ester (MoorzE, Boyz, and 
THORN), 49. 

w-Carbethoxytetramethylphosphonium 
hydroxide, and its picrate (FENTON 
and INGoLpD), 2356. 

3-Carboline-3-carboxylic acid, 7-nitro- 
(GULLAND, Ropinson, Scott, and 
THORNLEY), 2939. 

Carbomethoxy-m-nitrobenzomethyl- 
y  -prpen cena (Brapy and PEAKIN), 
2271. 

1-2-Carbomethoxy-3:4:6-trimeth yl- 
mannonic acid (HAWorRTH and Psat), 
355. 

Carbon, bivalency of (WARD), 1541. 

and its oxides, equilibrium between 
(Dent and Coss), 1903. 
chains, alternating effect in (BAKER 
and INGoLD), 423; (BAKER), 2257. 
Carbon ¢e¢rabromide, interaction of, with 
selenium and sulphur (Briscoz, 
Pre., and Rowxanps), 1766. 
monoxide, infra-red emission spectrum 
of, oe in nitrous oxide 
(BAILEY and Lu), 54. 
effect of addition of hydrogen and 
water to radiation emitted by 
(GARNER and Rorrey), 1123. 
decomposition of, in the electric 
discharge (LuNT and MumForp), 
1711 ; (Orr), 2422. 
sulphidoselenide, and its reactions 
with halogens (Briscoz, Pret, and 
Rosinson), 56, 1048, 
a-Carboxy-y-acetyl-88-diethylbutyric 
acid, and its derivatives (QuDRAT-I- 
Kuupa), 1918. 
a-Carboxy-y-acetyl-86-dimethylbutyric 
acid, ring-chain tautomerism of 
(QupRAT-I-KuuDA), 201. 
a-Carboxy-y-acétyl-8-methyl-8-ethyl- 
butyric acid, and its derivatives 
(QupRatT-I-KuupaA), 1916. 
a-o-Carboxybenzamido-8A-di-(4-meth- 
oxyphenyl)propionic acid, anhydride 
(HARINGTON and McCartnry), 894. 
a-o-Carboxybenzamido-88-diphenyl- 
propionic acid, anhydride (HARING- 
TON and McCArTNEy), 896. 
1-8-0-Carboxybenzamidoethy1!-6-meth- 
oxy-2-quinolone (SESHADRI), 2955. 
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B-o-Carboxybenzamidoethylquinolones 
(SEsSHADRI), 2953. 
1-y-0-Carboxybenzamidopropyl-6-meth- 
oxy-2-quinolone (SESHADRI), 2957. 
1-y-0-Carboxybenzamidopropy1-2-quino- 
lone (SESHADRI), 2954. 
o-Carboxybenzeneazo-3:6-disulpho-s- 
naphthyl sodium sulphite (K1n@), 608. 
2-Carboxy-trans-decahydronaphthalene- 
2-acetic acids, and their derivatives 
(Rao), 1965. 
’-Carboxy-3:4-dimethoxydiphenyl sul- 
phide (Roberts and SMILEs), 868. 
2’-Carboxy-4-methoxydipheny] sulphide 
(RoBErRts and Sm1LgEs), 867. 
2’-Carboxy-5-methoxy-2-methyldipheny] 
sulphide (RosERrts and SMILEs), 868, 
6-Carboxy-3-methyl-cis-hexahydro- 
yee acid (FARMER and WARREN), 
906. 
6-Carboxy-3-methyl-cis-A5-tetrahydro- 
phthalic acid (FARMER and WaRrEy), 
906 


2’-Carboxy-3-nitrodiphenylamine-4- 
arsinic acid (BARBER), 475. 

4-Garboxyphenylarsinic acid, 2-bromo- 
= 2-chloro- (GIBSON and JOHNsoN), 

78. 

Se 
ester (HURTLEY), 1872. 

d-A*-Carene, oxidation of, with chromic 
acid mixture (GIBSON and SIMonsEN), 
305. 

d-A*-Carene, oxidation of, with chromic 
acid mixture (GrBsON and SIMONSEN), 
909. 

Caronimide (MENoN and SrmonseEn), 304. 
Caryophyllene series (HENDERSON, 
McCrong, and RosBerrson), 1368. 
Catalysis, acid and salt effects in (Daw- 

son and Lowson), 393, 1217; 
(Dawson, Hoskins, and Smira), 
1884 ; (DAwson and Smita), 2530. 
in three-carbon tautomerism (Kon and 
LINsTEAD), 1269. 
homogeneous, of gas reactions (GLASS 
and HINsHELWoOD), 1815. 

Catalytic hydrogenation of unsaturated 
compounds (LEBEDEV and YAKUB- 
CHIK), 220. 

Cereals, amylases of (BAKER and Hut- 
TON), 1655. 

Cerotic acid, heat of crystallisation of 
(GARNER and K1In6), 1859. 

Cetyl barium, calcium, and dihydrogen 
phosphates (PLimmER and burch), 
280. 

Charcoal, pure, adsorption of fumaric 

and maleic acids by (PHELPs), 1724. 

combustion of, in oxygen, nitric oxide, 
and nitrous oxide (SHan), 2661, 
2676. 


acid, ethyl 
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Chemical constitution. See under Con- 

stitution. 

Chloral, compounds of thioparaldehyde 
type from (CHaTraway and KEL- 
LETT), 2908. 

sulphydrate, preparation of (CHATT- 
Away and KELLETT), 2912. 

Chlorine, mean life of catalyst in photo- 
chemical union of hydrogen and 
(CHAPMAN and Griea), 2426. 

Hydrochloric acid, density, viscosity, 
and conductivity of solutions of, 
and its mixtures with cobalt 
chloride (HOWELL), 162. 

influence of ethyl ether and of 
dimethylpyrone on availability 
of, in alcoholic solutions (MrtT- 
CHELL and PARTINGTON), 1562. 

Cholesterilene, constitution of (BosE 

and Doran), 2244. 

Cholesteryl barium and dihydrogen 
phosphates (PLIMMER and Burca), 
282, 296. 

ethyl ether (PtimmeR and Bourca), 

296 


Cholesterylxanthic acid, methyl ester 
(Bosz and Doran), 2246. 
Chromatocobaltiammines. 
Cobalt bases. 
Chromium :— 
Chromates, preparation of (Brices), 
242. 


See under 


Chromone group, synthesis in (VEN- 
KATARAMAN), 2219. 

Cinchomeronic acid, dyes from (TEWARI), 
1642. 

Cinnamaldehyde, 2-chloro-5-nitro-p- 
toluenesulphonhydrazone (DANN and 
Davigs), 1053. 

9-Cinnamoyl-10:10-dihydroxyhexa- 
hydrocarbazole (PLANT and RuTHER- 
FORD), 1975. 

9-Cinnamoyltetrahydrocarbazole, and 
5-nitro- (PLANT and RUTHERFORD), 
1975. 

n- and . iso-Clovenes, and their salts 
(HENDERSON, McCrong, and RoBERT- 
SON), 1368. 

isoClovene alcohol (HENDERSON, Mc- 
CroneE, and RoseErtson), 1372. 

Coagulation, formation of Liesegang 

rings in (HEPBURN), 213 
formation of periodic structures by 
(Hepess), 2779. 
Coal, composition of (HoLRoyp and 
WHEELER), 633. 
bituminous, cuticles from (LEGe and 
WHEELER), 2452. 

Cobalt, co-ordination number of (BRIGGS), 
685. 

Cobalt bases (cobaltammines) (PERCIVAL 

and WARDLAW), 1317. 
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Cobalt bases :— 

ar aarearmeceneneaen 

685. 

Dichromatotetramminecobaltiates 

(Brtees), 685. 

Cobalt chloride, density, viscosity, and 
conductivity of hydrochloric acid 
solutions of (HowELL), 162. 

chromate (Brices), 244. 

Cobalt organic compounds, polynuclear 
complex (PERCIVALand WARDLAW), 
2628. 

with  8'f” - triaminotriethylamine 

(Mann), 409. 

Cobaltous halides, compounds of, with 
yridine, quinaldine, and quinoline 
Percival and WARDLAW), 1505. 

Colloids, electrokinetic potential in re- 
lation to coagulation of (GHosH), 
2693. 

influence of, on precipitation of salts 

(Dickinson), 358. 

Colour and constitution (Hope@son and 

CooPER), 231. 

Colouring matters. See Gossypetin, 

Morin, Quercetagetin. 

Compounds, chelate co-ordination, singlet 
linkages in (SUGDEN), 316. 

conjugated, properties of (FARMER 

and Scott), 172; (FARMER and 
WARREN), 897. 

cyclic. See Cyclic compounds. 

Conjugated compounds. See 

Compounds. 

Constitution, chemical, and rotatory 

power (BurGgss and HuNTER), 
2838. 

and the parachor (SuGDEN), 316; 
(HENLEY and SuepeEN), 1058; 
(SucpEN and WILKINS), 1291; 
(GARNER and SuGpDEN), 1298. 

and colour (HopGson and CooPER), 
231. 

and trypanocidal activity (EVERETT), 
670 


(Brice¢s), 


under 


Copper, electrodeposition of, from its 
complex cyanide solutions (GLAs- 
STONE), 702. 

Copper salts, complex (RiLEy), 1307. 

Copper chromate (Briaes), 244. 

Cupric chloride and sulphate, additive 
compounds of, with hexamethyl- 
enetetramine (Durr aud BIL1s), 
419. 

nitrite, ammine 
(Kine), 2593. 
Cuprous sulphide, reaction between 
ferric sulphate solutions and 
(Wuitsy), 60. 

Corrosion, mechanism of 
111. 

origin of currents of (Evans), 92. 


derivatives of 


(Evans), 
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Coumarin, photobromiuation of 
(Wri1raMs), 1383. 

Creatinine picrate, red isomeride of, 
and its constitution (ANSLow and 
Kino), 1210. 

p-Cresol, 2-substituted derivatives of 
(Coptsarow), 251. 

Cresols, action of, with basic tellurium 
chloride (MorcAN and Buvuregss), 
2214. 

Crystals, liquid, cy mew formation of 
(BRADFIELD and JonEs), 2660. 

Cutin, and its oxidation products (LEGG 

and WHEELER), 2445. 

fossil, constituents of (LEGG and 
WHEELER), 2451. 

Cyanine dyes (HAMER), 2598. 

Cyanogen :— 

Hydrocyanic acid, potassium salt, 
action of, on  chloroaldehydes 
(CHaTTAWAY and Irvine), 1038. 

Cyanides, complex, polarisation in 
solutions of (GLASSTONE), 690, 
702. 

= compounds, synthesis of (VocEL), 
21. 


D. 


Decahydronaphthalenes, §-substituted 
stereoisomeric (RAO), 1954. 

A*1:2).¢rans-Decahydronaphthalene-2- 
acetonitrile (Rao), 1964. 

cise and trans-Decahydronaphthalene- 
rg a acids (Rao), 1963, 

cise and trans-Decahydronaphthalene- 
2:2-diacetic acids, and their deriv- 
atives (Rao), 1962, 1968. 

cis- and trans-Decahydronaphthalene- 
2:2-dicyanoacetic acids, w-imides 
(Rao), 1961, 1967. 

a-A*(1:2)_trans-Decahydronaphthalene- 
2-propionic acid, a-cyano-, ethyl ester 
(Rao), 1964. 

trans-Decahydro-8-naphthylidenecyano- 
acetic acid, ethyl ester (Rao), 1963. 

a-trans-Decahydronaphthylidene-2- 
propionitrile (Rao), 1964. 

Decalins. See Decahydronaphthalenes. 

cis- _ trans-B-Decalones (Rao), 1961, 
196 


Decane-1:10-dicarboxydi-8-phenylethyl- 
amide (CHILD and Pyman), 2015. 
Decane-1:10-dicarboxydi-8-veratryl- 
ethylamide (CHILD and PyYMAN), 
2016. 
Dehydroacetophenone-mm’-dinitro- 
benzil (Boon and Nisset), 1902. 
Desyl chloride, displacement of chlorine 
from (Warp), 1541. 
1:6-Diaceto-8-naphthalide, 1:6-dinitro- 
(BELL), 2784. 
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Diaeetone alcohol, action of magnesium 
9-fluorenyl bromide on (MAITLAND 
and TucKEr), 2559. 

Diacetyl-o-aminomethylaniline (Puit- 
Lips), 2824. 

1:3-Diacetylpurpurin 
Story), 1415. 

Dialkyltelluronium dthalides, supposed 
isomerism of (DREW), 560. 

4:4’-Dianilinoarsenobenzene,  3:3’-di- 
amino-, and its diacetyl derivative 
(BaRBER), 475. 

3:5-Dianilinobenzene, 2:4:6-trinitro-1- 
amino- (FLirnscHem and Homes), 
336. 

Dianilinocupric nitrite (KING), 2597. 

Dianthranol, 2:2’ -diiedo-8:3’-di- 
hydroxy-, and octahydroxy-, acetyl 
derivatives (HARDAORE and PERKIN), 
190. 

1:1’-Dianthranolyl, §2:2’-dihydroxy-, 
and its tetra-acetyl derivative (Hanp- 
ACRE and PERKIN), 187. 

isoDianthranyl (BARNETT and Goop- 
way), 814. 

Dianthraquinone, 2:2’-diiodo-3:3’-di- 
hydroxy- (HaRDACRE and PERKIN), 
191 


(PERKIN and 


Dianthraquinonyls, dihydroxy-, and 
their diacetyl derivatives (HARDACRE 
and PrrkIn), 186. 

Dianthrone, 2:2’-diiodo-3:3’-dihydroxy-, 
and 3:4:6:3':4':6’-hewahydroxy-, and 
their acetyl derivatives (HARDACRE 
and PERKIN), 190. 

Diaquodimalonatocupric acid, sodium 
salt (RILEY), 1310. 

Diaquodioxalatocupric acid, sodium salt 
(RILEY), 1309. 

Diary] ethers, scission of, by means of 
piperidine (Groves, TURNER, and 
SHARP), 512. 

Diazo-compounds, aliphatic, volatility 
and structure of (Sipewick), 1108. 
5-Diazo-3-ethyl-1:2:4-triazole | chloro- 
aurate (REILLY and MappDEN), 816. 
Diazonium salts of the triazole series, 
stability of (REILLY and MaAppEy), 

815. 

Dibenzenesulphon-o’-nitroanilide, di-m- 

nitro- (BELL), 2788. 

Dibenzoctdiazines (LE Fivre), 733. 

NN’-Dibenzoylhydrazine, di-p-nitro- 

(DANN and Davies), 1055. 

Dibenzylarsinic acid, di-p-nitro- 

(CHALLENGER and Peters), 2618. 

3:4-Dibeazylcoumarin, 7-hydroxy- 

(BakER and Eastwoop), 2906. 

Dibenzylmethylamine, di-p-cyano-, 

hydrochloride (BAKER), 1206. 








2:6-Dibenzyloxy-p-benzoquinone 
(Baker, Nopzu, and Kosrnsow), 77. 
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2:6-Dibenzyloxy-1:4-dimethoxybenzene 
(BAKER, Nopzvu, and Rosrnson), 
78. 

2:6-Dibenzyloxyquinol (BAKER, Nopzu, 
and RosBinson), 77. 

Dibenzylphenols, and their derivatives 
(SHort and Stewart), 555. 

Dibenzylphosphinic acid, di-p-nitro- 
(CHALLENGER and Prrsks), 2616. 

aa’-Dicarbamy]l-cis- and -trans-decahydro- 
naphthalene-2:2-diacetic acids, - 
imides (Rao), 1961, 1967. 

3:6-Dicarbethoxy-A*-te a 
anhydride (FARMER and WARREN), 
904. 

pp’-Dicarbiminoarsenobenzene, pp’-di- 
thie- (EVERETT), 675, 

pp’-Dicarbiminophenylarsenic —_sesqi/i- 
sulphide, pp medtithin- (EVERETT), 674. 

1:3- Dicarbouyl compounds, chemistry of 
(BARDHAN), 2223. 

3:6-Dicarboxyhexahydrophthalic acid, 
and its derivatives (FARMER and 
WARREN), 905, 

Dicetyl barium and sodium phosphates 
(PLIMMER and Burcu), 281. 

a chloride (PLIMMER 
and Burc#), 281. 

Dicholesteryl barium and hydrogen 
phosphates (PLImMER and Burca), 
283. 

Dichromatotetramminecobaltiates. See 
under Cobalt bases. 

Di-(2:5-dimethoxyanilino)aceto-2:5-di- 
methoxyanilide(GULLAND, ROBINSON, 
Scott, and THORNLEy), 2927. 

Di(2:5-dimethylphenyl)acetonitrile, i- 
4-hydroxy- (CLEMo, HawortTH, and 
WALTON), 2376. 

Diethyl ammonium phosphate (PLIMMER 

and Burcu), 297. 
barium phosphate, and di-8-hydroxy- 
(PLtMMER and Burca), 284, 294. 
sulphide, 88’-dichloro-, chlorination 
poets of (Puiciips, Davigs, and 
UMFORD), 535. 
sulphides, tetra-, hexa-, and hepta- 
chloro- (PxHILLIps, Daviss,. and 
Mumrorp), 545. 
m-Diethylaminophenolcinchomeronein 
(Tewari), 1643. 

Diethylbenzthio-y-cyanine iodides 
(HamER), 2604. 

Diethyl-y-chloroallylamine, and its salts 
(INGoLp and RorusTEIN), 11. 

Diethyldibenzthiocarbocyanine brom- 
ides and iodides (HAMER), 2605. 

88-Diethyl-Ay-hexenoic acid,d-hydroxy-, 
lactone (QuDRaT-I- a, 1920. 

12:7-Dih ree rooney benzarsazine 
7-bromo- and 7-chloro- (GIBSON an 

JOHNSON), 1621. 
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1:2-Dihydrobenzisothiazoles, 2-thio-, 
formation and stability (McCLELLAND, 
WARREN, and JACKSON), 1582. 
Dihydroergosterols, isomeric, and their 
acetates (HEILBRON, JOHNSTONE, and 
SPRING), 2248. 
Dihydro-y-ionone (HEILBRON, OWENS, 
and Simpson), 881. 
Dihydropentindole, 
(Puant), 2493. 
Dihydropentindoles, mono- and di-nitro-, 
and their derivatives (PLANT), 2495. 
Dihydropentindole-8-carboxylic acid, 
ethyl ester (PLANT), 2497, 
5:10-Dihydrophenarsazine, 2:4:6:8-10- 
pentabromo- (ELSON, GIBSON, and 
JOHNSON), 1087. 
10-chloro-, and its derivatives (GIBSON 
and JOHNSON), 767, 1229, 1473, 
2743 ; (ELson, Gipson, and Joun- 
son), 1080. 
Dihydrostrychnic acid, and its hydro- 
chloride (PERKIN and RoBinson), 984. 
Dihydrostrychnidine (B), and its deriv- 
atives (PERKIN and Rosinson), 964. 
Dihydrostrychnidine (C) (PERKIN and 
Rosinson), 986, 995. 
Dihydrostrychnine (B), and its deriv- 
atives (PERKIN and Rosinson), 981. 
Dihydrozymosterol, and its acetate 
(HEILBRON and SExton), 2257. 
2:5-Diketo-3:6-diacetoxybenzylidene- 
piperazines (DicKINSON and Mar- 
SHALL), 1495. 
2:5-Diketo-3:6-di-o-ethoxybenzylidene- 
piperazine (Dickinson and Mar- 
SHALL), 1496. 
2:5-Diketo-3:6-di-o-methoxybenzylidene- 
piperazine (Dickinson and Mar- 
SHALL), 1496. 
B-Diketones, condensation of, with 
cyanoacetamide (BARDHAN), 2226. 
3:4-Dimethoxy-2’-aldehydrostilbene, «a- 
cyano-2-nitro-, and its phenylhydr- 
azone (GULLAND, HaworrH, VIRDEN, 
and CAaLLow), 1673. 
2:5-Dimethoxyaniline, preparation of, 
and 4-bromo- (GULLAND, RoBINSON, 
Scott, and THORNLEY), 2927. 
2:5-Dimethoxyanilinoacetamide (GuL- 
LAND, MRopinson, Scott, and 
THORNLEY), 2929. 
2:5-Dimethoxyanilinoacetonitrile (GuL- 
LAND, Roprnson, Scorr, and 
THORNLEY), 2928. 
§:4’-Dimethoxy-1-anilinobenzthiazole, 
dibromo- (Dyson, Hunter, and 
SoyKa), 465. 
2:3-Dimethoxybenzaldehyde, 5-cyano- 
(CHAKRAVARTI and PERKIN), 195. 
2:4-Dimethoxy benzoic anhydride(RosBin- 
SON and VENKATARAMAN) 62 
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2:3-Dimethoxybenzonitrile (BAKER and 
Eastwoop), 2907. 
0-2:4-Dimethoxy benzoy]-0-acetylmorin 
3:2’:4’-trimethyl ether (RoBINSON and 
VENKATARAMAN), 64. 
3’:4’-Dimethoxybenzy1-6-methoxy-2- 
methyltetrahydrovsoquinoline, 1-a- 
cyano-2’-nitro- (GULLAND and 
IRDEN), 1799. 
1:3-Dimethoxy-4:6-bistriphenylmethyl- 
benzene (Harpy), 1005. 
3:4-Dimethoxy-2’-m-carboxyphenyl- 
iminomethylstilbene, a-cyano-2’- 
nitro- (GULLAND, HAWOBTH, VIRDEN, 
and CALLOow), 1674. 
2:3-Dimethoxycinnamic acid, 5-amino-, 
5-cyano-, and 5-nitro-, and its methyl 
ester (CHAKRAVARTI and PERKIN), 194. 
3:4-Dimethoxycinnamie acid, 2-nitro-a- 
amino-, benzoyl derivative (GULLAND, 
Rosinson, Scott, and THORNLEy), 
2932. 
3:3’-Dimethoxydianthrone, 4:4’-dihydr- 
oxy- (PERKIN and Srory), 1419. 
6:7-Dimethoxydioxindole (GULLAND, 
Rosrnson, Scott, and THORNLEY), 
2934. 
2’:4’-Dimethoxydipheny1-2-carboxylic 
acid (HurTLEy), 1873. 
2’:4’-Dimethoxyflavone, 5:7-dihydroxy- 
(Rosrnson and VENKATARAMAN), 65. 


6:7-Dimethoxyisatin, and its semi- 
carbazone (GULLAND, RoBINsoN, 
Scott, and THORNLEY), 2924. 

3:4-Dimethoxymandelic acid, 2-nitro- 
(GULLAND, Roptnson, Scorr, and 
THORNLEY), 2935. 

6:7-Dimethoxyoxindole (GULLAND, 


Rosinson, Scott, and THORNLEY), 
2934. 

3:10- Dimethoxyoxyprotoberberine 
(CHAKRAVARTI and PERKIN), 200. 
3:4-Dimethoxyphenylacetamide, 2-nitro- 
(GULLAND and VIRDEN), 1803. 
$:4-Dimethoxyphenylacetic acid, 2- 

amino- (GULLAND, Ropinson, Scott, 
and THORNLEY), 2934. 
3’:4’-Dimethoxyphenylaceto-8-2:3-di- 
methoxyphenylethylamide, 6’-nitro- 
(CALLow, GULLAND, and Haworts), 
663. 
3’:4’-Dimethoxyphenylaceto-p-4-meth- 
oxyphenylethylamide, 2’-nitro- (CAL- 
Low, GULLAND, and Haworrts), 1449. 
3:4-Dimethoxyphenylacetonitrile, 2- 
nitro-, anhydro-compounds from 
(GULLAND and VirpEn), 1791. 
3’:4’-Dimethoxyphenylaceto-8-3-(2”’- 
nitro-3’’:4’’-dimethoxyphenylacet- 
amido)-4-methoxyphenylethylamide, 
2’-nitro- (CaLLow, GULLAND, and 
HAwWoRTB), 1454. 
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3’:4’-Dimethoxyphenylaceto-8-3-(2’’- 
nitro-3”:4’’-dimethoxyphenylacet- 
amido)phenylethylamide, 2’-nitro- 
(GULLAND, HaworrH, and Virpey), 
1672. 

3’:4’-Dimethoxypheny]1-(3-amino-4- 
methoxy-8-phenylethylamino)acety1- 
ene, 2’-nitro-, and iis picrate (Cat- 
Low, GULLAND, and. Haworth), 
1454. 

2:3-Di-p-methoxyphenylbenzo-y-pyrone, 
7-hydroxy- (BAKER and Eastwoop), 
2904. 


3’:4’-Dimethoxy-3-phenylcoumarin, 5:7- 
dihydroxy-, and its diacetyl derivative 
(BAKER), 1599. 

4:6-Dimethoxypheny] 2:4-dimethoxy- 
styryl ketone, 2-hydroxy-(CULLINANE 
and PaiLpott), 1763. 

Di-[a-p-methoxyphenylethy] jdimethy]- 
ammonium bromide (E. and E. Srep- 
MAN), 614. 

3’:4’-Dimethoxypheny]-(8-4-methoxy- 
phenylethylamino)acetylene, 2’-nitro- 
(CALLow, GULLAND, and Haworrtn), 
1449, 

Di-(4-methoxypheny])methylphthalim- 
idomalonic acid, ethyl ester (Har- 
INGTON and McCaRTNEY), 893. 

6:7-Dimethoxy-1-phenylphthalazine 
(AGGARWAL, DARBARI, and RaAy), 
1942, 

8-3:4-Dimethoxyphenylpropionic acid, 
ethyl and methyl esters (CHILD and 
PyMAn), 2014. 

3:4-Dimethoxyphenyl 3:4:5-trimethoxy- 
—— ketone, 2:6-dihydroxy- (BAKER 
and Rosrnson), 158. 


Dimethoxypropane, p-nitrohydroxy-, 
benzoyl derivative (FAIRBOURNE), 
1152. 


ay-Di-(6-methoxy-8-quinolylamino)pro- 
pane (BALDWIN), 2962. 
2:5-Dimethoxyresorcinol 
Nopzu, and Rosrnson), 78. 
3:4-Dimethoxystilbene, a-cyano-2-nitro- 
(GuLLAND, HawortH, VIRDEN, and 
CALLow), 1673. 
3:10-Dimethoxytetrahydroprotoberber- 
ine, synthesis of (CHAKRAVARTI and 
PERKIN), 196. 
Dimethoxythioxanthones, and their salts 
(Roperts and SmiiEs), 870, 1326. 
nr Ey peroxide, s-dihydroxy- (K1vc), 
48. 
Dimethylamine, action of nitrous acid 
on (TAYLOR and Price), 2052. 
o-Dimethylaminobenzoic acid, /-menthy| 
ester (RULE and MacGrLuivray), 407. 
Dimethylaminobenzoic acids, @-f-octy! 
esters (Rute, Mires, and Mac- 
GILLIVRAY), 2279, 


(BAKER, 
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5-Dimethylamino-1:2-dimethylbenzim- 
inazole methosulphate (PHILLIPs), 
2825. 
p-Dimethylaminostyrylnaphthathiazole 
ethiodides (HamER), 2606. 
4:4’-Dimethylamino-2:5:2’:5’-tetrameth- 
oxydiphenylmethane, 4:4’-dicyano- 
(GULLAND, Rosinson, Scott, and 
THORNLEY), 2929. 
Dimethylaniline, parachor of salts of 
(SuepEN and WILKrns), 1297. 
interaction of teJlurium tetrachloride 
with (MoRGAN and Buregss), 1103. 
action of nitrous acid on derivatives of 
(MACMILLAN and Reape), 2863. 
i:9-Dimethylanthracene, and mono- and 
di-bromo-derivatives (BARNETT and 
Goopway), 1758. 
Dimethylanthracenes (Morcan and 
CouLsON), 2203. 
2:7-Dimethylanthraquinone (MoRGAN 
and CovLson), 2210. 
1:2-Dimethylbenziminazole (PHILLIPS), 


2525. 

' 4’- Dimethylbenzophenone - 6 - carb- 
oxylic acid (MoRGAN and CovLson), 
2558. 

8:5-Dimethylbenzthiazole, 1-amino-, 
mobility of, and its derivatives 

(HUNTER and Pripg), 943. 
iodides 


Dimethylbenzthio-y-cyanine 
(HAMER), 2603. 

1:6-Dimethy1-1:2:3-benztriazole, 5-nitro- 
(Brapy, Day, and REYNOLDs), 2265. 

2:5-Dimethyleinnamie acid, 4-hydroxy-, 
and its acetyl derivative (CLEMO, 
HAworTH, and WALTON), 2376. 

Dimethyldibenzthiocarbocyanine iodides 
(HamER), 2604. 

Dimethyl - 5 : 10 - dihydrophenarsazines, 
10-bromo- and 10-chloro- (Gisson and 
JOHNSON), 2749. 

Dimethyldiphenyl _telluridichlorides, 
dihydroxy- (MorGAN and Buragss), 
2217. 

Di-2-methyldiphenyl telluride, di-4- 
hydroxy- (MorGaNn and BureEss), 
2219. 

Dimethyldiphenylamine-6’-arsinic acids 
(G1Bson and JoHNsoN), 2750. 

4:6-Dimethyl-5-ethyl-2-pyridone, and 
3-cyano- (BARDHAN), 2231. 

Dimethyl-9-fluorylamine, and its picrate 
(INGoLD and J Essop), 2361. 

8§-Dimethylglutaric acid, ethyl hydro- 
gen ester (QUDRAT-I-KHUDA), 208. 

Dimethylglyoxime, dimethylquinoxaline 
derivative of (HENDERSON), 466. 

§8-Dimethylhexoamide, 5-amino-3-hydr- 

oxy-a-cyano- (QUDRAT-I-K HUDA), 206, 

limethyl-lupinines, chloro- (OLEMO 

and RapEr), 1934. 
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2:3-Dimethyl methylxyloside (Hampr- 
TON, HaworrsH, and Hrrst), 1747. 

2:3-Dimethylnaphthaquinoxaline (HEn- 
DERSON), 468, 

4:8-Dimethylnonaldehyde 
and THompson), 892. 

4:8-Dimethylnonoic acid, and its amide 
(HEILBRON and THompson), 891. 

Dimethyloxysparteine methiodide 
(CLEMO and Rarer), 1940. 

Dimethylphenarsazinic acids, and their 
hydrochlorides (Gipson and JOHN- 
son), 2749. 

N -2:4-Dimethylphenylbenziminochlor- 
ide (GrBsoN and JoHNsoN), 2747. 

8-2:4-Dimethylphenylpropionic acid, 
and its nitrile (CLEmMo, HawortH, 
and WALTON), 2375. 

4:4-Dimethyl-2-piperidone (MENON and 
SIMONSEN), 304. 

1 : 6 - Dimethyl-2-pyridone-4-carboxylic 
—_ 3-cyano-, ethyl ester (BARDHAN), 
2227. 

Dimethylpyrone, effect of, on esterifica- 
tion by hydrochloric acid (MITCHELL 
and PARTINGTON), 1562. 

2:3-Dimethylquinoline, preparation of 
(PLant and RossEr), 1864. 

2:3-Dimethylquinoxaline, 5:6:7:8-tetra- 
bromo- (HENDERSON), 468. 

Dimethyl rhamnonamide (Haworrts, 
Hirst, and MILuEr), 2477. 

Dimethyl rhamnonolactone (HAwoRTH, 
Hirst, and MILLER), 2477. 

3:4-Dimethyl rhamnose (HaworrTH, 
Hirst, and MILER), 2475. 

a-Dimethyltelluronium salts (Lowry 
and GILBERT), 2082. 

5 : 8-Dimethyl-1:2 : 3:4-tetrahydronaph- 
thyl-2-acetic acid, 7-hydroxy-. 
Norsantonous acid. 

4:5-Dimethyl-cis-A‘-tetrahydrophthalic 
acid, and its anhydiide (FARMER and 
WARREN), 902 

2: 8-Dimeth) ' 4:2:3:4-tetrahydroquinol- 
ine, derivatives of (PLANT and 
Rosser), 1865. 

Di - 2 - methylthioldibenzoylethylenedi- 
amine (McCLELLAND and WARREN), 
2625. 

Dimethyl xylan (HamPpron, HawortTs, 
and Hirst), 1746, . 

2:3-Dimethyl y-xylonolactone, and its 
derivatives (Hampton, Haworrs, 
and Hirst), 1749. 

2:3-Dimethyl pene and its anilide 
(Hampton, Hawortu, and Hrrst), 
1748. 

Dinaphthyl sulphides, di-1-bromo- and 

1-bromo-2’-hydroxy-, and its acetyl 

derivative (CoHEN and SMILEs), 

211, 


(HEILBRON 





3014 INDEX OF 


Di - 8 - naphthylaminocupric nitrite 
(Kine), 2597. 

Dioxydih acid (B) 
(PERKIN and Rosrnson), 984. 

Diphenie acid, benzyl and naphthy} 
ydrogen esters (LE FivRE), 737. 

Diphenoxydichlorosilicane (THOMPSON 
and Krprine), 1177. 

Diphenyl, and its nitro-derivatives, 
nitration of (GuLL and TURNER), 
491. 

Diphenyl, 4:4’- and 5:5’-dibromo-2:2’- 

diamino-, and their derivatives (LE 
Fivre), 736. 


4-chloro-4’-bromo-, and its action 


with nitric acid (GrovEs and 


TURNER’, 511. 
di- and tri-nitro-derivatives (GULL 
and TURNER), 495. 
Diphenyl barium phosphate (PLIMMER 
and Buren), 296. 
ethers, amino-, bromoamino-, bromo- 
iodo-, bromonitro-, bromonitro- 
amino-, chloroamino-, chloro- 
nitro-, chloronitroamino-, mono- 
and di-iodo-, iodoamino-, iodo- 
nitro-, iodonitroamino-, and 
nitroamino-, and ‘their deriv- 
atives (SCARBOROUGH), 2361. 
trichloro- and di-, tri-, and tetra- 
chloro-amino- and -nitro-deriv- 
atives (Groves, TURNER, and 
SHarp), 520. 
selenides, parachors of (HENLEY and 
SuGpDEN), 1063. 
selenoxide, parachor of (HENLEY and 
SucpDEN), 1064. 
Diphenyl series (GuLL and TURNER), 
491; (Le Frvre), 733. 
Diphenylamine, 4:2-diamino-, 2-acetyl 
derivative (PHILLIPS), 2822. 
tri-, tetra-, and hewa-chloro-, and 
benzoyl derivatives of the tetra- 
chloro-compounds (OHAPMAN), 570. 
Diphenylamines, substituted, preparation 
of (CHapMAN), 569. 
Diphenylamine-4-arsinie acids, mono- 
and di-amino-, aminohydroxy-, mono- 
and di-nitro-, and nitrohydroxy- and 
their derivatives (BARBER), 473. 
a em ee 2:2’-di- 
2”:4”-dinitro- (LE Fivre), 737. 
2:3-Diphenylbenszo-7-pyrone, 6-hydroxy- 
and 65:7-dihydroxy- (BAKER and 
Eastwoop), 2901. 
Diphenylearbamide-pp’-diarsinie acid 
(EvEREtTT), 678. 
Diphenyl-2-carboxylic acid, 2’ 4’-di- 
droxy-, lactone (HUNTLEY), 1872. 
Di 





yl-4-carboxylic acid, ——— 
and nitration of (GULL and TURNER), 
498, 
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Diphenylchloroarsine, }arachor of (Hey. 
LEY and SuGDEN), 1063. 

2:2’-Dipheny]-4:5-dihydroglyoxaline, 
oo’-dithio-, and its dihydrobromide 
(McCLELLAND and WARREN), 2626, 

4:4’-Diphenyldimethyl@aminodipheny] 
telluridichloride (MorG@AN and Bor- 
GEss), 1105. 

Diphenyldi-o-tolylpinacol, 
ment of (HaTT), 1632. 

Diphenylene  3:3’-disulphate, 4:4’-di- 
amino-, hydrogen and potassium 
derivatives (BURKHARDT and Woop), 
150. 

fB-Diphenylethylamine, BB-di-4- 
hydroxy -, and its tribenzoy] derivative, 
and BB-di-(3:5-diiodo-4-hydroxy). 
(HaRINGTON and McCARTNEy), 895, 

£8-Diphenylethyltri-n-butylphosphon- 
ium hydroxide, preparation and de. 
composition of (FzNTON and INGoLD), 
2354. 

Dipbenylhydroxyethylamines, optically 
active, and their salts and derivatives 
(READ, CAMPBELL, and Bakken), 

- 2305. 

d-isoDiphenylhydroxyethylamino-/- 
methylenecamphor (Reap, Cawmr- 
BELL, and BARKER), 2312. 

Diphenylmethane, 2- and 4-hydroxy- 
(Snort and Stewart), 555. 

Diphenylmethylphthalimidomalonic 
acid, ethyl ester (HARINGTON anid 
McCartney), 896. 

2:3-Dipheny1-5-methylquinoxaline, 2:3- 
di-m-nitro- (Boon and Nise), 
1901. 

B8-Diphenylpropionic acid, a-amino-,« 
amino-§8-di-4-hydroxy-, and a-amino- 
BB-di-(3:5-diiodo-4-hydroxy)- (Har: 
INGTON and McCartney), 894. 

2:3-Diphenylquinoxaline, 2:3-di-m-nitro- 
(Boon and NisBeEt), 1901. 

Diphenylsuccinic anhydrides, optically 
active, action of water and bases ou 
(WREN and WRIGHT), 138. 

d-Diphenylsuccin-a- and -f-naphthils 

(WREN and Wrieurt), 136. 

l-Diphenylsuccin-8-naphthylamic acid 
(WREN and Wrieur), 140. 

y-Diphenylsuccin-a- and -8-naphthyl- 
amic acids, resolution of (WREN ani 
Wricat), 136. 

Diphenylsulphone, 4-chloro-4’-bromo-, 

nitration of (Groves and TURNER), 


509. 
2:3-Diphenyl-1:2:3:4-tetrahydroquinol- 
ines, aud their derivatives (PLAN! 
and Rosser), 1868. 
s-Diphenylthiocarbamide, di-p-bromo-, 
hydropentabromide (Dyson, HuNTE!, 
and SorxKa), 460. 


rearran ge- 
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Diphenylthiocarbamide-pp’-arsenic 
sesquisulphide (EVERETT), 675. 
Diphenylthiocarbamide-pp’-diarsinic 
acid (EVERETT), 676. 
Diphenyl-p-tolylbenzenylamidines, 
isomeric (CHAPMAN), 2136. 
13:14-(00’-Diphenylylene)dibenzocta- 
12:15-diazine, and 3:8-dibromo- (LE 
Five), 736. 
Diphenylyl-4-hydroxytriphenylmethane 
(Harpy), 1009. 
Diphthalatodiaquocupric acid, sodium 
salt (RILEY), 1310. 
Diphthalimidoacetoxypropane 
BOURNE and CowpREy), 133. 
Diphthalimidobenzoyloxypropane 
(FAIRBOURNE and CowprEY), 134. 
ace-Diphthalimidopentane (BALDWIN), 
2963. 

Di-n-propyl barium phosphate and pyro- 
phosphate (PLIMMER and BvRrcn), 
295. 

sulphide, chloro- (BENNETT, HEATH- 
coaT, and Mossss), 2571. 
y-hydroxy-, and its phenylurethane 
(hammer and HEATHCOAT), 271. 
Diisopropyl ether, decomposition of 
(GLAss and HINSHELWoOOD), 1810, 1815. 
Dipyridinium cobaltous halides (Per- 
CIVAL and WARDLAW), 1508. 
Dipyridinocupric salts (Kine), 2595. 
Diquinaldinium cobaltous halides (PER- 
CIVAL and WARDLAW), 1508. 
Diquinolinium cobaltous halides (Per- 
cIVAL and WARDLAW), 1507. 
2:2’-Disalicylideneaminodiphenyl (LE 
FivrE), 736. 
Dispersion, rotatory, of organic com- 
unds (Lowry), 2853, 2858. 
influence of solvents and other 
factors on, of optically active 
compounds (PATTERSON and 
Lawson), 2042. 
Dissociation constants of organic acids 
(VocEL), 1476, 1487. 
of isomeric oximes (BRADY and CHOK- 
SHI), 946. 
2:4-Distyrylquinoline, ¢e¢ranitro- (BEN- 
NEtT and Pratt), 1467. 
Disulphoxides, stereoisomerism of (BELL 
and BENNETT), 15. 
Dithiocyanato¢riaminotriethylenedi- 
aminecobaltic salts (MANN), 410. 
Di-p-toluenesulphonnitroanilides 
(BELL), 2788, 
Di-p-toluenesulphon-1:8-dinitro-8- 
naphthalide (BELL), 2789. 
Di-p-toluidinocupric nitrile (KiIN@), 
2597. 
Di-p-tolyldi-o-tolylpinacol (Hatt), 1631. 
Di-p-tolylsilicon dichloride, preparation 
of (STEELE and Krpptna), 2546. 


(Farr- 
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Di 2 selsire-tolzichlemmetiege (Hatt), 
30. 


Drude’s equation, validity of (Lowry), 
2858. 


Drying, intensive, 
(BAKER), 1661. 
influence of, on inner equilibria 
(Smits, Swart, and Bruty), 
2712. 
of gases (Bonz), 1664. 
om a cinchomeronic acid (TEWARI), 
42, 


manipulation in 


E. 


Earths, rare, fractionation of bromates 
of (MARSH), 2387. 

Electrolysis, periodic 
(Hepexs), 1028. 

Electrolytic polarisation. 
Polarisation. 

Equilibria, inner, influence of intensive 
drying on (Smits, SwART, and Bruin), 
2712. 

Ergosta-dienones, and their semicarb- 
azones (HEILBRON, JOHNSTONE, and 
SPRING), 2254. 

Ergosterol, isomerides of (H&ILBRON, 

Sexton, and SPRING), 926. 

acetylation and catalytic hydrogen- 
ation of (HEILBRON and SExrTon), 
921. 

Ergosterol D and H (HEILBRON, JoHN- 
STONE, and SPRING), 2258. 

isoErgosterols, reactions of, and their 
acetates (HEILBRON and SPRING), 
2807. 

Erythrose, oxidation of (DEULOFEU and 
SELVA), 227. 

Ethers, unimolecular decomposition of, 
in the gaseous state (Guass and 
HINSHELWOOD), 1804. 

Ethoxide, thallium, parachor of (Svc- 
DEN), 325. 

Ethoxybenziminazole-2-propionic acid, 
and its derivatives (CHATTERJEE), 
2967. 

8-Ethoxybenziminazolylethylamine di- 
hydrochloride (CHATTERJEE), 2968. 

4-Ethoxy-4-trichloromethy1-2:6-bisdi- 
chloromethylenecyclo-1:3:5-oxadithia- 
2:4:6-trimethylene (CHATTAWAY and 
KELLETT), 2916. 

B-Ethoxyisohexoic acid, 
{LINSTEAD), 2509. 

1-Ethoxycyclohexylacetic acid,silver salt 
and ethyl ester (Kon and LInsTeap), 
1282. 

1-Ethoxycyclohexylacetone, and _ its 
semicarbazone (Kon and LINsTEAD), 
1276. 

51 


processes in 


See under 


ethyl ester 
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4-Ethoxy-3-methyltetraphenylmethane 
(Harpy), 1009. 

4-Ethoxysuccinanilic 

(CHATTERJEE), 2967. 

4-Ethoxytetraphenylmethane (Harpy), 

1004. 

4-Ethoxy-2:4:6-tris¢richloromethyl- 
cyclo-1:3:5-oxadithia-2:4:6-trimethyl- 

(CHATTAWAY and KELLEIT), 

2916. 

Ethyl alcohol, photochemical oxidation 
of, by potassium dichromate (BowEN 
and YARNOLD), 1648. 

Ethyl ammonium phosphates (PLIMMER 

and Burcsa), 297. 

barium phosphate, and chloro- (PLIM- 
MER and Burcg), 284, 294. 

metaphosphate, action of, on alcohols, 
ammonia, and amino-compounds 
(PL1mMER and Burca), 292. 

butyl sulphide, 8-hydroxy-, phenyl- 
urethane of (BENNETT and HEATH- 
CoAT), 271. 

B-chloroviny] sulphide, aaf-trichloro- 
(PHILuirs, DAViEs, and MUMFORD), 
544. 

aB-dichlorovinyl sulphide, af-di- 
chloro-, and aff-trichloro- (PHIL- 
Lips, Davies, and MumrFrorp), 


acid, 2-nitro- 


545. 
afp-trichlorovinyl sulphide, af-di- 


chloro- (PHILLIPS, DAvIEs, and 
Mumrorp), 546. 

Ethyl ether, emission of light from 
phosphorescent flames of (EMELEvs), 
1733. 

vapour, effect of carbon dioxide on 
pressure of (SaycE and Briscoe), 
1303. 

viscosity of, at low temperatures (VAN 
AvBeEt), 1111. 

autoxidation of (Kine), 738. 

reaction of acetyl bromide, naphthol 
and (BAssETT and TAYLOR), 1568. 

effect of, on esterification by hydro- 
chloric acid (MITCHELL and Part- 
INGTON), 1562. 

Ethyl dihydrogen phosphate, B-hydr- 
oxy-, enzymic synthesis of (Kay), 
524. 

5-hydroxybutyl 
henylurethane 
EATACOAT), 272. 
sodium phosphate, B-hydroxy- (PLim- 
MER and Burcn), 286. 
sulphur chloride, ¢richloro- (PHILLIPs, 
Ravine. avd Mumrorp), 548, 
Ethylamine nitrate, parachor of (SueDEN 
aud WILKINS), 1297. 
8-Ethylamino-6-methoxyquinoline, 8-f- 
amino-, dihydrochloride (BALDWIN), 
2962. 


sulphide, and _ its 
(BenNETT and 
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Ethylaniline hydrochloride, parachor of 
(SUGDEN and WILKINS), 1296. 

2-Ethylcearbonato-1:9-diacetylanthranol 
(PERKIN and Story), 1418. 

2-Ethylcarbonato-1-hydroxyanthrone 
(PE&RKIN and Srory), 1418, 

1-Ethyl-1:2-dihydrobenzisothiazole, 2. 
thio- (McCLELLANP, WARREN, and 
JACKSON), 1585. 

Ethylene, thermal decomposition and 
polymerisation of (Hague and 
WHEELER), 390. 

ay-dichlorohydrin _ triphenylmethy] 
ether (FAIRBOURNE and CowprEy), 
135. 

Ethylenediamine, N-substituted deriv. 
atives of (MoorE, BoyLE, and THory), 
39. 

a- and §f-Ethylglucofaranosides, and 
their derivatives (HAworrH and 
PortTER), 2796. 

y-Ethylglucosides. 
furanosides. 

Ethylglycine, B-amino-, and its hydro- 
chloride (MoorE, BoyLE, and THory), 
51. 

Ethyl-6-hydroxyquinolinium chloride 
hydrochloride, B-amino- (SESHADRI), 
2955. 

1-Ethyl-6-hydroxy-2-quinolone, _1-- 
amino-, hydrochloride (SesHApRi), 
2956. 

3-Ethylidene-cis-A‘-tetrahydrophthalic 
acid, and its derivatives (FARMER 
and WARREN), 908. 

$-Ethyl-A'*-menthadiene (READ and 
WATTERS), 2169. 

3-Ethylmenthan-3-ol 
WATTERS), 2170. 

Ethyl-6-methoxyquinolinium chloride 
hydrochloride, B-amino- (SEsHADRI), 
2955. 

1-Ethyl-6-methoxy-2-quinolone, _1-- 
amino-, hydrochloride (SesHADRI), 
2956. 

N-Ethylpiperazine, and N-f-hydroxy-, 
and their derivatives (MoorE, BoyLg, 
and Tnorn), 47. 

4-Ethylpiperazine-l-carboxylic acid, 
and 4-8-hydroxy-, ethyl esters 
(Moorz, Boy.ze, and Torn), 46. 

Ethyl-x-propylsulphone (Fenton and 
INGOLD), 2340. 

Ethyl-n- and -iso-quinolinium salts, p- 
amino- (SESHADRI), 2953. 
Ethylquinolones, 8-amino-, hydro- 
chlorides (SESHADRI), 2954. 

1-Ethyleyc/oselenipentane. 1-8-bromo-, 
1-bromide (MokGAN and BursTALL), 
2201. 

Ethyltelluronium ¢riiodide (Lowry and 
GILBERT), 2089. 


See Ethylgluco- 


(ReaD and 





hor of 


ranol 
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p-Ethyl-thiolethyl trichloroviny] 
sulphide, 8-chloro-(PHILLIPSs, DaviEgs, 
and MumMForp), 544. 
$-Ethyl-1:2:4-triazole, 5-amino-, and 
its nitrate (REILLY and MappEn), 816. 
3-Ethy1-1:2:4-triazole-5-azoacetylacet- 
one (REILLY and ManpEn), 816. 
3-Ethyl-1:2:4-triazole-5-azo-8-naphthol 
(REILLY and MapDEn), 816. 
3-Ethy]-1:2:4-triazole-5-azo-8-naphthyl- 
amine (REILLY and MAppEN), 816. 
Ethyltri-n-butylphosphonium _iodide 
(DAviEs and JoNngs), 34. 
Ethyltri-n-propylphosphonium hydrox- 
ide, and its salts (FENTON and INGOLD), 
2351. 
Euxanthone, 
acetoborate of 
WaTERs), 2242. 


7-acetyl derivative, di- 
(Ropertson and 


F. 


Fats, rate of saponification of, by alkalis 
(McBain, HumpHReEys, and Kawa- 
KAMI), 2185. 

Ferric salts. See under Iron. 

Ferrioxalic acid, potassium salt, photo- 
lysis of solutions of (ALLMAND and 
Wess), 1518, 1531. 

Ferrous salts. See under Iron. 

Fish, elasmobranch, unsaponifiable 
matter from oils of (HEILBRON, OWENS, 
and Simpson), 873; (HEILBRON and 
THOMPSON), 883. 

Flames, infra-red emission spectra of, in 
nitrous oxide (BAILEY and Lin), 51. 
Flavone, 7:8-dihydroxy- (VENKATARA- 

MAN), 2219. 

5:7:2’:4’-tetrahydroxy-, synthesis of 
(Rogrnson and VENKATARAMAN), 
61 


Flavones, Aexahydroxy-. See Gossy- 
petin and Quercetagetin. 

isoOFlavone group, syntheses in (BAKER 
and Ropinson), 152; (BAKER, PoLL- 
ARD, and RoBrnson), 1468. 

Fluorene, condensation of, with acetone 
(MAITLAND and TucKER), 2559. 

9-Fluorenyldimethylearbinol, and its 
bromide, and 9-bromo- (MAITLAND 
and TuckEr), 2563. 

8-9-Fluorenyl-3-methylpentane (Marr- 
LAND and TUCKER), 2566. 

a-9-Fluorenyl-«yy-trimethyltrimethyl- 
= glycol (MAITLAND and TucKER), 

66 


Fluorescence, relation of photochemical 
action to (NorRIsH), 1611. 
Fluorine :— 
Hydrofluorie acid, action of, on 
selenium and tellurium compounds 
(PripgAvux and Mrtort), 2708. 
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Fluory]-9-triethylammonium hydroxide, 
decomposition of, and its salts (IN- 
GOLD and JEssoP), 2361. 

Fluoryl-9-trimethylammonium salts (In- 
GOLD and JEssop), 2359. 

Formic acid, thallous salt, parachor of 
(SuGDEN), 326. 

Formy]-8-3-methoxyphenylethylamine 
(GULLAND and VIRDEN), 1796. 

Formylmethoxytetrahydrostrychnidine 
(B) (PERKIN and Rostnson), 991, 

Formy]-8-phenylethylmethylamine 
(GULLAND and VIRDEN), 1800. 

Fructose, compound of, with lime 

(MACKENzIz and Qurn), 961. 
constitution of diacetone derivatives 
of (ANDERSON, CHARLTON, Haw- 
oRTH, and NIcHOLsoNn), 1337. 
Fumaric acid, adsorption of, by charcoal 
(PHELPs), 1724. 
formation of /-malic acid from, by 
Aspergillus niger (CHALLENGER and 
Kern), 1644. 
Fungi, mould, degradation of fatty acids 
(SteNT, SUBRAMANIAM, and 
WALKER), 1987, 2485. 


G. 


Galactose, modifications of (RIIBER, 
Mrnsaas, and Lycue), 2173. 
Galactosides, preparation of (RoBERT- 
son), 1820. 
Gases, intensive drying of (Bonz), 1664. 
effect of, on pressure of saturated 
vapours (Sayce and Briscoe), 
1302. 
periodic structures from interaction of 
(Hepess), 1848. 
Gas reactions, homogeneous catalysis of 
(Guiass and HinsHELWooD), 1815. 
Germanium (Puen), 1994. 
extraction of, from germanite (PueH), 
2540. 
Germanium dioxide, solubility of, in 
acids and alkalis (PucH), 1537. 
Germanic acid, and its sodium salt, 
dissociation and equilibrium con- 
stants of (PucH), 1994. 
Glucofuranose 5:6-carbonate, and its 
derivatives (HAWORTH and PorTER), 
2805. 
Glucose, compounds of, with lime (Mac- 
KENZIE and Quin), 960. 
constitution of acetene compounds 
of (ANDERSON, CHARLTON, and 
HAwortTB), 1329. 
Glucose-acetone carbonate, and its deriv- 
atives (HAwoRTH and PorTER), 2801. 
Glucosides (H1cKINBoTTOM), 1676. 
synthesis of (ROBERTSON), 1820; 
(ROBERTSON and WATERS), 2289, 
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a-Glucosides, pre tion of, from B- 
glucosyl chlorides (HickINBoTTOM), 
1676. 

7-8-Glucosidoxy-1-hydroxyxanthone, 
and its tetra-acety] derivative (RoBERT- 
son and Warsgrs), 2242. 

B-Glucosidoxyxanthones, and _ their 
tetra-acetyl derivatives (ROBERTSON 
and WATERs), 2240. 

B-Glucosyl chloride, prepenetion of 
acetyl and chloroacetyl derivatives of 
(HicKINBoTTOM), 1681. 

Glutaric acid, catalytic and thermal 
decomposition of (VOGEL), 726. 

Glutarodi-S8-phenylethylamide (CHILD 
and PyMAn), 2015. 


Glutarodi-8-veratrylethylamide, and 


its action with phosphorus oxychloride 
(CurILp and Pymay), 2015, 2020. 
dl-Glyceraldehyde, 
(REEVES), 1327. 
Glycerol 8-methyl ether (FAIRBOURNE), 
2235. 


methylation of 


ethers, structure of (FAIRBOURNE), 


Glycerols, disubstituted, structure of 
(FAIRBOURNE and CowpDREy), 129. 
@lycerophosphoric acids, and their salts, 

constitution of (Hitt and Pyman), 
2236. 
Glycine, synthesis of (ANsLow and 
Kino), 2463, 
ethyl ester, action of nitrous acid on 
(Taytor and Price), 2052. 
Glycogen, properties and derivatives of 
(Haworta, Hrrst, and WEBB), 2479. 
Glycols, aliphatic, derivatives of (BEN- 
NETT and HEATHCOAT), 268. 
Gossypetin, synthesis of (Baker, Nopzu, 
and Rosinson), 74. 
ts, reaction of carboxylic 
esters with (Hatt), 1623. 
Guanidine diethyl pyrophosphate 
(PLImMER and Burca), 299. 


Halogens, polarity of, in solutions of 
pyridinium and other dichloriodides 
(READE), 853. 

reactions of, with carbon sulphido- 
selenide (BriIscoE, PEEL, and Rops- 
InsoN), 1048, 
Harmaline (BARRETT, PERKIN, 
Rosinson), 2942. 
Harmine (BARRETT, PERKIN, and Ros- 
INSON), 2942. 
Heat of crystallisation of monobasic 
fatty acids (GARNER and Kine), 1849. 
Helianthrone, 3:3’-dibromo- and 3:3’- 
diiodo-2:2’-dihydroxy- (HARDAOCRE 
and PERKIN), 184. 


and 
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A}-cycloHeptenylacetic acid, and its 
anilide (HUGH, Kon, and MircuHE 1), 
1437. 

cycloHeptenylacetone (Huau, Kon, and 
MITCHELL), 1438. 

cycloHeptylideneacetanilide 
Kon, and MircHELL), 1487. 

cycloHeptylideneacetone (Hucu, Kon, 
and MITCHELL), 1438, 

Hexa-allylamineperoxodihydroxodi- 
cobalt érinitrate (PERCIVAL and 
WARDLAW), 1319, 

Hexabenzylaminetrihydroxodicobalt 
trichloride (PERcIVAL and Warp- 
LAW), 1321. 

Hexahydrofarnesol, and its bromide 
(HEILBRON and THompson), &89. 

Hexahydro-y-ionone (HEILBRON and 
THOMPSON), 888. 

2:3:4:5:6:13-Hexahydro-a-quinindene, 
and its 6-benzoy! derivative (BLoun?, 
PERKIN, and PLANT), 1985. 

3:5:7:8:3’:4’-Hexamethoxyflavone 
(BAKER, Nopzvu, and RosBinson), 81. 

Hexamethoxy-2-methylisoflavone. See 
2-Methylirigenin trimethyl] ether. 

Hexamethylenetetramine, compounds 
of metallic chlorides with (Durr aud 
B11ts), 411. 

O-Hexamethylquercetagetin 
Nopzu, and Rospinson), 82. 

n-Hexane, emission of light from phos- 

phorescent flames of (EmE.&vs), 
1733. 

effect of drying on (Smits, Swart, 
and Bruin), 2712. 

cycloHexane, 1:2-dibromo-3:4-dihydr- 
oxy- (FARMER and Scott), 176. 

cucloHexane-1-acetone-1-acetic acid, and 
its derivatives (QuDRAT-I-KuHUDA), 
717. 

cycloHexane-l-acetone-l-malonic acid, 
tautomerism of, and its derivatives 
(QupRAT-I-KuupDA), 713. 
cycloHexane-1:1-dicarboxylic acid, 
preparation of, and its disodium salt, 
and their dissociation constants 
(VogEL), 1491. 
cycloHexanespirocyclo-3-hydroxy-6- 
eyano-3-methyl-5-piperidone (QUD- 
RAT-I-KuUDA), 716. 
cycloHexanone-2-carboxyanilide 
(BLountT, PERKIN, aud PLANT), 1986. 

Hexapropylamineperoxodihydroxodi- 
cobalt érichloride (PerotvaL and 
WARDLAW), 1319. 

A?-cycloHexene, 1:2-dibromo- (FARMER 
and Scorr), 175. 

cycloHexenes, additive formation of 
(FARMER and WARREN), 897. 

n-Hexenoic acids, and their derivatives 
(Eccotr and LINsTEAD), 21538. 


(Hueu, 


(BAKER, 
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Hexoic acid, zinc salt (HAaworrTn), 
1460. 

isoHexoic acid, y-chloro-, anilide, chlor- 
ide, and ethy] ester (LINsTEAD), 2509. 

a-A'-cycloHexenylbutyronitrile (Kan- 
DIAH and LinsTgEAD), 2150. 

a-A!-cycloHexenylpropionanilide (KAN- 
DIAH and LinsTEAD), 2149. 

p-cycloHexylbenzoic acid, and its sodium 
salt (MAvrEs and TuRNER), 507. 

cycloHexylideneacetonitrile (KANDIAH 
and LINsTEAD), 2146. 

Humulene, individuality of (CHAPMAN), 
859. 

Hydrazine hydrate, reaction of, with 
o-nitrosulphonyl chlorides (DANN 
and Davigs), 1050. 

phosphates (PLimMMER and Burcn), 
298. 


isoHydrobenzoins, optically active, and 
their derivatives (READ, CAMPBELL, 
and BARKER), 2305. 
Hydrobromic acid. See under Bromine. 
Hydrocarbons, ©, ,H,,, from diacetone 
alcohol and magnesium 9-fluorenyl 
bromide (MAITLAND and TUCKER), 
2565. 
low-temperature oxidation of (LEwis), 
759. 
aromatic, and unsaturated, determin- 
ation of, in light oils and motor 
spirits (MANNING), 1014. 
oletine, inflammability of mixtures of 
air and, in closed spheres (MAXWELL 
and WHEELER), 245. 
paraffin, thermal decomposition of 
(HacuE, WHEELER, and Lowry), 
378. 
Hydrochloric acid. See under Chlorine. 
Hydrocyanic acid. See under Cyanogen. 
Hydroferrocyanic acid, sodium alt, 
solubility of, in water (FRIEND, 
TowNLEy, and VALLANCE), 2326. 
Hydrogen, infra-red emission spectrum 
of, burning in nitrous oxide 
(BAILEY pre | Lm), 54. 
influence of light intensity on photo- 
chemical union of bromine and 
(BopENSTEIN, Jost, and June), 
1158. 
mean life of catalyst in photochemical 
union of chlorine and (CHAPMAN 
and Grice), 2426. 
combination of oxygen and, on nickel 
(DoNNELLY), 2438. 
on platinum (DoNNELLY and 
HINSHELWOOD), 1727. 
Hyiregee peroxide, detection of, in 
ether (Kine), 744. 
sulphide, reaction of ferric oxide with, 
at high temperatures (SAyYCE), 
2002. 
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Illinium, detection of (MARsH), 2387. 

Industry, co-operation in science and 
(THORPE), 834, 

Intramolecular rearrangement, polari- 
metric study of, in inactive substances 
(PATTERSON and THomson), 1895. 

Iodine vapour, effect of gases on colour 

of, and their solvent action on 
the solid form (Wricut and 
McGrecor), 1364. 

solubility of, in solutions of halides 
(CARTER and Hoskins), 580, 

Ions, apparent hydration of (INGHAM), 
2059. 

Iridamide (BAKER and Rosrnson), 160. 

Iron, corrosion of (McAvLAy and 

Bastow), 85. 

Ferric chromate (Brices), 243. 

hydroxide sols, coagulation of 
(GuHosH), 2698. 

oxide, reaction of hydrogen 
sulphide with, at high temper- 
atures (Saycr), 2002. 

sulphate, reaction between cuprous 
sulphide and solutions of (WHIT- 
BY), 60. 

Ferrous chloride, additive compound 
of, with hexamethylenetetr- 
amine (DurF and BILis, 418. 

basic (Durr and Brus), 415. 

sulphate hemitritamethyl-alcohol- 
ate (Gipson, Drisco.t, and 
JONES), 1443. 

Iron, determination of, iodometrically 
(Grey), 35. 

Isatin, anils of (CALLow and Hopr), 
1191. 

Isatin-2-anil, isomerism of, and its 
derivatives (CALLow and Hops), 
1191. 

Isatin-2-benzanilide 
Hops), 1198. 

Isomerism, dynamic, 
hydrocarbon radicals 
2133. 


(CALLow and 
with mobile 
(CHAPMAN), 


J. 


Jaffé’s reaction, chemistry of (ANsSLOW 
and Kine), 1210. 


K. 


a-Ketoadipice acid, ethyl hydrogen 
ester, p-methoxyphenylhydrazone 
(BARRETT, PERKIN, and Rosrnson), 
2943. 

2-Keto-3-cyano-4:6-dimethyl-4-ethyl- 
peridine, 6-hydroxy- (QuUDRAT-I- 
Kuupa), 1916. 
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2-Keto-3-cyano-6-methy1-4:4-diethyl- 
piperidine, 6-hydroxy- (QuDRAT-I- 
Kuupa), 1918. 

2-Keto-3-cyano-4:4:6-trimethylpiperi- 
dine, 6-hydroxy- (QupRaT-I-KuuDA), 
205. 

2-Keto-3-cyano-4:4:6-trimethy]-2:3:4:5- 
tetrahydropyridine (QupRat-1-KuUv- 
DA), 205. 
14-Keto-7:14-dihydrobenzo-8-quinin- 
dene (BLouNT, PERKIN, and PLANT), 
1983. 
9-Keto-5:6:7:8:9:10-hexahydrophenan- 
thridine (BLount, PERKIN, and 
PLANT), 1986. 
5-Keto-2:3:4:5:6:13-hexahydro-a-quin- 
indenes (BLouNT, PERKIN, and 
PLANT), 1984. 
1-Keto-7-methoxy-5:8-dimethy1-1:2:3:4- 
tetrahydronaphthalene, and 2:6-di- 
bromo- and oximino- (CLEMo, Ha- 
worTH, and WALToN), 2381. 
1-Keto-7-methoxy-5:8-dimethyl-1:2:3:4- 
tetrahydronaphthyl-2-acetic acid 
(CLeEmo, HAworTH, and WALTON), 
2384. 
a-1-Keto-7-methoxy-5:8-dimethyl- 
Se ee ee 
ionic acid, and its lactone (CLEMO, 
HaworrH, and WALToN), 2386. 
1-Keto-6-methoxy-2-methyltetrahydro- 
— (GULLAND and VIRDEN), 
1798. 
2-Ketomethoxy-2:3:4:5-tetrahydro-f- 
carbolines (BARRETT, PERKIN, and 
Rosinson), 2944. 

Ketone, C,;H,.03, from o-methoxybenz- 
aldehyde and benzyl methyl ketone 
(HEILBRON and Irvine), 941. 

Ketones, analysis of (Hosson), 1384. 
determination of, by means of their 

semicarbazones (VEIBEL), 2423. 
determination of the reactive group 
in (HEILBRON and Irvine), 936. 

a- and 8-Ketonic acids, action of bromine 
on (HucHEs and Watson), 1945. 

5-Keto-2-phenyl-4-(2’-nitro-3’:4’-di- 
methoxybenzylidene)-4:5-dihydro- 
oxazole (GULLAND, RoBINsoN, Scott, 
and THORNLEY), 2932. 

Ketotetrahydroquinindenes 
PERKIN, and PLANt), 1982. 

Ketoximes, methylation of (BRADY and 
CHOKSHI), 2271. 

Kojic acid, production of, from pentoses 
(CHALLENGER, KLEIN, and WALKER), 
1498. 


(BLounrt, 


L. 


Lactic acid, rotation of derivatives of 
(PATTERSON and Lawson), 2042, 
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Lactose, amet of, with lime (Mac. 
KENZIE and Quin), 963. 

Levulic acid, action of bromine op 
(HueHEs and Watson), 1949, 

Laurotetanine (CALLOwW, GULLAND, and 
Haworrts), 658. 

Lead chloride, equilibrium of acetic 
acid, lead acetate, water and (Sanp- 
VED), 337. 

Lead organic compounds :— 

Lead sozoiodolate. See Benzenesul- 
phonic acid, 3:5-diiodo-4-hydr- 
oxy-, lead salt. 

tetraethyl, parachor of (SucpEn), 
327. 

Lectures delivered before the Chemical 
Society (PERKIN), 1347; (Donnay), 
1387. 

Liesegang rings, formation of (Herr. 
BURN), 213. 

Lignoceric acid, heat of crystallisation 
of (GARNER and Kine), 1859. 

Linolic acid, constitution of (HAworrx), 
1456. 

Lithium molybdenyl  ¢etrabromide 
(ANGELL, JAmMEs, and WARDLAW), 
25838. 

sulphate hydrates, and their solubility 

in water (FRIEND), 2330. 

Liversidge Lecture (DoNNAN), 1387. 

Lupin alkaloids (CLEMo and Raper), 
1927. 

Lupinine, chloro-, methiodide (CLEMmo 
and Rarer), 1934. 


Magnesium organic compounds :— 
Magnesium 9-fluorenyl bromide, 
action of, with acetone and with 
diacetone alcohol (MAITLAND and 
TUCKER), 2559. 
hemiheptamethyl-alcoholate (Gi- 
son, Driscott, and Jonss), 
1443. 
phenyl bromide, reaction between 
phenyl glycide and (Boyp and 
VINEALL), 1622. 
Maleic acid, adsorption of, by charcoal 
(PHELPs), 1724. 
l-Malic acid, formation of, from fumaric 
acid by Aspergillus niger (CHAL- 
LENGER and Kiern), 1644, 
Malondi-8-phenylethylamide 
and PyMAN), 2014. 
Malonie acid, and its alkyl derivatives, 
and their sodium salts, dissociation 
constants of (VoGEL), 1476. 
metallic salts, electrolytic dissociation 
of (RrtEy and FisHER), 2006. 
potassium cobalt oxy-salt (PERcIVAL 
and WARDLAW), 2631. 


(CHILD 
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Malonic acids, substituted, electrometric 
titration curves of (GANE and In- 
GOLD), 1691. 

Malonic anhydride, production of (Lunt 
and Mumrorp), 1720. 

Maltose, compound of, with lime (MAc- 
KENZIE and QuIn), 962. 

Mannitol, rotation dispersion of, and its 
derivatives (PATTERSON and Topp), 
2876. 

Margaric acid, heat of crystallisation of 
(GARNER and Kine), 1860. 

Menthone series (READ, SreEELE, and 
CARTER), 23. 

Menthylamines, salts of, with optically 
active acids (Reap, STEELE, and 
CARTER), 23. 

B-1-Menthylgalactoside, with its tetra- 
acetyl derivative (ROBERTSON), 1822, 

Mercury, parachor of (SUGDEN), 326. 

Mercury alloys, order of removal of 
metals from (RussELx), 2398. 

Mercuric chloride and iodide, equi- 
librium of water and (SuepEn), 
488. 

Mercury organic compounds :— 

Mercury diphenyl, parachor of 
(SUGDEN), 327. y 

Mercuriselenophen, dichloro-, and 
dihydroxy-, and its derivatives 
(Briscor, PEEL, and Youne), 2592. 

Mercurithiophen, dichloro- and di- 
hydroxy-, and its derivatives (Bris- 
COE, PrEL, and Youne), 2591. 

Metals, passivity of (Evans), 92; 

(Evans and STocKDALE), 2651. 

corrosion of (EVANs), 111. 

order of removal of, from amalgams 
(RussELL), 2398. 

fused, parachors of (SuGpEN and 
WILKINS), 1291. 

heated, effect of gases on the electric 
charges developed by (BANGHAM 
and Lewis), 1140. 

Metallic chlorides, reactions of, with 
hexamethylenetetramine (Durr and 
Bits), 411. 

halides, complex compounds of tri- 
aminopropane with (MANN), 656. 
salts, equilibrium between alcohols 
and (Gipson, DriscoLtt, and 
JONES), 1440. 
complex, stability of (MANN), 651. 

Methane, decomposition of (JoNEs), 
419; (Hotuipay and EXE Lt), 1066. 

6-Methoxy-1-y-aminopropylquinolinium 
hydrochloride (SesHADRI), 2957. 

6-Methoxy-1-)-aminopropyl-2-quinolone, 
hydrochloride (SESHADRI), 2957. 

2-Methoxyanthraquinone, 1-mono- and 
1;3-di-bromo-, and 8-iodo- (HARDACRE 
and Perkin), 185. 





O-Methoxybenzaldehyde benzoylhydr- 
azone (AGGARWAL, DARBARI, and 
RAy), 19465. 

4-Methoxybenzaldehyde, 5-bromo-2- 
hydroxy- and 3:5-dibromo-2-hydroxy- 
(Rao, SrrKantTIA, and IyENGAR), 1579. 

Methoxybenzaldehydes, fluoro-, and 
their derivatives (Hopecson and 
Nrxon), 1638. 

Methoxybenzoic acids, fluoro-(Hopcson 
and Nixon), 1639. 

p-Methoxybenzylamine picrate (INGOLD 
and SHOPPEE), 1203. 

a-p-Methoxybenzylcinnamic acid, esters 
(INGOLD and SHoppEr), 453. 

Methoxybenzyldihydrostrychnidine 
(PERKIN and Rosrnson), 1000. 

p-Methoxybenzylidenebenzylamine (IN- 
GOLD and SHOPPEE), 1202. 

Methoxybenzyltetrahydrostrychnidine 
(B), (PERKIN and Rosrnson), 991. 

7-Methoxy-3:4-dibenzylcoumarin 
(BAKER and Eastwoop), 2907. 

6-Methoxy-3:4-dihydroisoquinoline me- 
thiodide, and its periodides (GULLAND 
and VIRDEN), 1797. 

4-Methoxy-2:5-dimethylacetophenone 
{CLtemo, HawortH, and WALTON), 
2376. 

4-Methoxy-2:5-dimethylbenzaldehyde 
(CLemo, Haworrn, and WALTON), 
2377. 

4-Methoxy-2:5-dimethylbenzoic acid, 
(CLEMO, HAworTH, and WALTON), 
2377. 

B-4-Methoxy-2:5-dimethylbenzoy]- 
acrylic acid (CLeEmo, HAworTH, and 
WALTON), 2382. 

5-4-Methoxy-2:5-dimethylbenzoyl- 
butane-Sy-dicarboxylic acid (CLEMO, 
Hawonrts, and WALTON), 2385. 

5-4-Methoxy-2:5-dimethylbenzoyl- 
butane-Sfy-tricarboxylic acid, ethyl 
ester (CLEMO, HAworTH, and WAL- 
TON), 2385. 

-4-Methoxy-2:5-dimethylbenzoyl- 
propane-af-dicarboxylic acid, and its 
anhydride (CLEMo, HawortH, and 
WALTON), 2384. 

-4-Methoxy-2:5-dimethylbenzoyi- 
propane-aaf-tricarboxylic acid, ethyl 
ester, preparation of (CLEmo, Haw- 
ORTH, and WALTON), 2383. 

B-4-Methoxy-2:5-dimethylbenzoyl- 
propionic acid, and a-bromo-, and a- 
chloro-, and their ethyl esters (CLEMO, 
Haworra, and WALTon), 2381. 

4-Methoxy-2:5-dimethylcinnamic acid 
(CLemo, HawortTH, and WALTON), 
2377. 

7-Methoxy-2:5-dimethylisoflavone 
(BAKER and Rosrnson), 161, 
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6-Methoxy-4:7-dimethyl-a-hydrindone 
(CLemo, HAwortH, and WALTON), 
2378. 
+-4-Methoxy-2:5-dimethylphenylbutyric 
acid (CLemo, HAwortTH, and WAL- 
TON), 2381. 
8-4-Methoxy-2:5-dimethylphenylethyl 
alcohol, and its bromide and phenyl- 
carbamate (CLEMO, HAawortH, and 
Wa ron), 2379. 
8-4-Methoxy-2:5-dimethylphenylethyl- 
amine, and itsacetyl derivative(CLEMo, 
HAWOkTH, and WALTON), 2378. 
B-4-Methoxy-2:5-dimethylphenylethyl- 
carbamic acid, methyl ester (CLEMo, 
Hawokrts, and WALrTon), 2379. 
obi 8 se 8 tly rary ok prose. cng al 
malonicacid,and itsethylester(CLEMo, 
Haworth, and WALTON), 2380. 
a-(8-4-Methoxy-2:5-dimethylphenyl- 
ethy])-a’-methylsuccinic acid (CLEMO, 
HawortTH, and WALTON), 2385. 
8-4-Methory-2:5-dimethylphenylethyl- 
succinic acid (CLEmo, Haworth, and 
WALTON), 2384. 
8-4-Methoxy-2:5-dimethylphenylprop- 
ionic acid, and its derivatives (CLEMO, 
HawortTH, and WaLTon), 2377. 
7-Methoxy-5:8-dimethyl-1:2:3:4-tetra- 
hydronaphthyl-2-acetic acid (CLEMO, 
HawortH, and WALTON), 2384. 
7-Methoxy-2:3-diphenylbenzo-7y-pyrone, 
5-hydroxy- (BAKER and Eastwoop), 
2902. 
4’-Methoxydiphenyl-2-carboxylic acid, 
2’-hydroxy-, lactone (Hurt.ey), 1873. 
4-Methoxydiphenylmethane, 2-hydroxy- 
(Snort and Stewart), 559. 
7-Methoxyisoflavane,  3:4-dihydroxy- 
(BAKER, PoLLARD, and Rosinson), 
1472. 
7-Methoxyisoflavanone, 3-hydroxy- 
eons POLLARD, and Rosrnson), 
472. 
7-Methoxyisoflavone-2-carboxylic acid 
—_ PoLLARD, and Rostnson), 
1-Methoxycyclohexylacetone semicarb- 
azone (Kon and Linsreap), 1276. 
8-Methoxyindole-3-propionic acids, and 
their derivatives (BARRETT, PERKIN, 
and Rosrnson), 2944. 
2-Methoxy-6-methylphenyl benzyl ke- 
tones, 2- and 4-hydroxy- (BAKER and 
Rosrnson), 161. 
6-Methoxy-2-methyltetrahydroiso- 
quinoline, and its hydriodide, and 1- 
hydroxy- (GULLAND and VIRpEn), 
1796, 1798. 
Methoxymethyltetrahydrostrychnidine 
(B), and its derivatives (PERKIN and 
Rosrnson), 986. 
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Methoxymethylthioxanthones, and their 
salts (RopERTs and SMILEs), 869. 

w-m-Methoxyphenoxyacetophenone 
(Baker, PoLtaRD, and Rostnsoy), 
1470. 

a-m-Methoxyphenoxymethy]mandelic 
acid, and its derivatives (Baker, 
PoLLARD, and Roprnson), 1471. 

3-Methoxyphenylacetaldoxime 
LAND and VIRDEN), 1796. 

7-Methoxy-3-phenyl-4-benzylcoumarin 
(BAKER and Eastwoop), 2906. 

2-Methoxyphenyl benzyl ketone, 4- 
hydroxy- (BAKER and Rosrnsoy), 
161 


(GuL- 


7-Methoxy-3-pheny]l-2-(3:4-dimethoxy- 
phenyl)benzo-y-pyrone (BAKER and 
Eastwoop), 2905. 
4-Methoxypheny]-2:6-dimethy]-1:4-di- 
es brome me tes acids, 
ethyl esters (HINKEL and MApz1), 
752, 
4-Methoxyphenyl-2 6-dimethylpyridine- 
3:5-dicarboxylic acids, ethyl esters 
(HinkKzEL and Mape1), 752. 
B-4-Methoxyphenylethyiamine, B-3- 
amino-, and §-3-mono- and B-3:5-di- 
nitro-, and their hydrochlorides and 
derivatives (CALLOW, GULLAND, and 
HAWoRTH), 1453. ° 
f-4-Methoxyphenylethylamine-5-sul- 
phonic acid, §8-3-nitro- (CaLtow, 
GULLAND, and Haworth), 1450. 
a-Methoxyphenylethyldimethylamines, 
and their derivatives (E. and FE, Srep- 
MAN), 612. 
a-p-Methoxypheny]-y-phenyl-48-pro- 
pene, preparation of (INGOLD and 
SHOPPEE), 449. 
Methoxyphenylphthalazines (AGGAr- 
WAL, DARBARI, and RAy), 1944. 
f-4-Methoxyphenylpropionic acid, §-3- 
nitro-, and its amide (CALLow, GuL- 
LAND, and HAwortTs), 1452. 
3-p-Methoxyphenyl-2-styrylbenzo-y- 
pyrone, 7-hydroxy-, and its cin- 
namoyloxy-derivative (BAKER and 
Eastwoop), 2903. 
4-Methoxyphthalic acid (CHAKRAVARTI 
and PERKIN), 199. 
4-Methoxyphthalide (CHAKRAVARTI and 
PERKIN), 199. 
4-Methoxyphthalidecarboxylic acid 
(CHAKRAVARTI and PERKIN), 199. 
4-Methoxyphthalidecarboxy-8-m-meth- 
oxyphenylethylamide (CHAKRAVARTI 
and Perkin), 200. 
Methoxypropanes, ay- and fy-dichloro- 
(FAIRBOURNE), 2234. ; 
6-Methoxyquinoline, 5-amino-, 8:5-di- 
amino-, and 8-nitro-5-amino-, acetyl 
derivatives (BALDWIN), 2960. 





and 
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$-Methoxystyrene, w-nitro- (GULLAND 
and VIRDEN), 1795. 

4-Methoxystyryl ”-hexyl ketone (HEIL- 
BRON and Irvine), 935. 

Methoxytetrahydro-8-carbolines, syn- 
thesis of (Barrett, PERKIN, and 
RoBINSON), 2942. 

Methoxytetrahydrostrychnidine (B) 
(PERKIN and Rosrnson), 993. 

4-Methoxythioxanthone, 1-chloro- 
(RoBERTS and SMILEs), 869. 

Methoxythioxanthones, hydroxy-, and 
their derivatives (ROBERTS and 
SMILEs), 1325. 

4-Methoxytoluene, 2-iodo- (RoBERTs and 
Sm1LEs), 868. 

4-Methoxy-o-toluidine, chloro- (RoBERTS 
and SMILEs), 868, 

1-Methoxyxanthone, 7-hydroxy-, and 
its derivatives (ROBERTSON and 
WATERS), 2242. 

Methyl ethyl and propyl] ethers, decom- 
position of (GLass and HINSHEL- 
woop), 1806. 

e-hydroxyamyl 
pesomest ane 
EATHCOAT), 274. 
hydroxytellurium oxide, anhydride of 
(DREW), 566. 
1-Methylamino-3-5-dimethylbenzthi- 
azole (HUNTER and Pripg), 946. 
8-Methylamino-1-methylamino-2- 
phenylnaphthalene, B-3-nitroso- 
(KENTISH), 1175. 
a-Methylamino-1-methylimino-2- 
phenyl-1:2-dihydronaphthalene, a-3- 
nitroso (KENTISH), 1173. 

Methylaniline hydrochloride, parachor 
of (Su@DEN and WILKINS), 1296. 

Methylaniline, 4-bromo-2- and -3-nitro- 
— 8:6-dinitro- (MACMILLAN and 
READE), 2867. 

Methyl-9-anthranols, acetates and 
methyl ethers of (BARNETT and Goop- 
way), 1758. 

2-Methylanthraquinone-7-carboxylic 
acid (MorGAN and CovLson), 2211. 

Methyl-9-anthrones (BARNETT and 
Goopway), 1757. 

1-Methylbenziminazole methosulphate 
(PHILLIPS), 2825. 

V-Methyl-o-benzoicsulphinide (Mc- 
CLELLAND, WARREN, and JACKSON), 
1587. 

p-Methylbenzylmethylamine hydro- 
bromide (BAKER), 1206. 

Metbylcyclobutane-1-carboxylic acid, 2- 
amino-, lactam (MENON and SIMon- 
SEN), 805. 

2(or 4)-Methyl-4/or2)dichloromethylene- 

1:3-benzdioxin, 6-nitro-2(or 4)tri- 


sulphide, and _ its 
(BENNETT and 


chloro-(CHaTTaWwAy and IRVING), 1048. 
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2-Methylchromone, 7:8-dihydroxy-, 
synthesis of (VENKATARAMAN), 2219, 
8-Methy1-2:2’-diethyl-5:6:5’:6’-dibenz- 
Seenae iodide (HAMER), 
1-Methy]-1:2-dihydrobenzisothiazole, 2- 
thio- (McCLELLAND, WARREN, and 
JACKSON), 1585. 
3-Methyl-5:10-dihydrophenarsazine, 10- 
bromo- (G1Bson and JoHNsoN), 781. 
— (Gisson and JoHNsON), 
9. 
4-Methy1-5:10-dihydrophenarsazine, 10- 
chloro- (GrBson and JOHNSON), 2748. 
Methyl1-5:10-dihydrophenarsazines, 10- 
bromonitro-, 10-chloro-4-amino-, 
and 10-chloronitro- (GiBson and 
JOHNSON), 1247. 
10-chloro-4-nitro- (ELSoNn, GIBsoN, and 
JOHNSON), 2742. 
5-Methyldiphenylamine-6’-arsinic acid, 
2-nitro- (ELson, Gipson, and JoHN- 
son), 2742. 
3-Methyldiphenylaminearsinic 
(Gipson and JoHNnson), 779. 
Methyldiphenylamine-6’-arsinic acids, 
nitro-, synthesis of (G1BsON and JoHN- 
SON), 1229. 
Methyldiphenylamine-6’-dibromo- 
arsines, nitro- (GIBSON and JOHNSON), 
1255. 
Methyldiphenylamine-6’-dichloro- 
arsines, nitro- (GIBSON and JOHNSON), 
1247 ; (Etson, Ginson, and JOHNSON), 
2742. 
Methyleneazomethine, a new triad 
system (INGOLD and SHopPEk), 1199. 
5:6-Methylenedioxyisatin (GULLAND, 
Rosinson, Scorr, and THORNLEY), 
2924. 
3:4-Methylenedioxyphenylarsinie acid, 
and 6-amino-, and its acetyl derivative, 
and 6-nitro- (BALABAN), 1088. 
6:7-Methylenedioxy-1-phenylphthal- 
azine (AGGARWAL, DARBARI, and 
RAy), 1944. 
3:4-Methylenedioxyquindoline, and 10- 
nitro- (GULLAND, Rosinson, Scott, 
and THORNLEY), 2935. 
Methylethylbenzthio-y-cyanine iodides 
(HaMER), 2603. 
5-Methyl-5-ethyldihydroresorcinol 
(QupRaAT-I-KHuDA), 1917. 
B-Methyl-8-ethyl-Ay-hexenoic acid, 5- 
hydroxy-, lactone (QuDRAT-I-KHUDA), 
1918. 


acids 


4-Methy1-6-ethylpyridine, 2-chloro- 
(BARDHAN), 2230. 
4-Methyl-6-ethyl-2-pyridone, and 3- 


cyano- (BARDHAN), 2230. 
8-Methylglucofuranoside 5:6-carbonate 
(HaworTH and PorTER), 2804. 


512 
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3-Methylglucose, constitution of (AN- 
DERSON, CHARLTON, and HAworts), 
1329. 

a- and 8-Methylglucosides, preparation 
of (PATTERSON and RoBERTsoN), 300. 

Methylheptenone, and its peroxide 
(HEILBRON, OwENs, and Simpson), 
880. 

3- and 4-Methylcyc/ohexane-1:1-diacetic 
acids, w-imides of (KanpIAH and 
LINSTEAD), 2152. 

B-Methyl-Ay-hexenoic acid, and £B- 
hydroxy-, ethyl ester (BurToN and 
INGOLD), 2029, 2031. 

2-Methyl- A %-cyclohexenyl-1-aceto- 
nitrile (KANDIAH and LInsTEap), 
2152. 

Methylisohexyl ketone, semicarbazone 
(HEILBRON and THOMPsoN), 888. 

1-Methy1-2-a-hydroxyethylbenzimin- 
azole (PHILLIPS), 2826. 

2-Methylirigenin di- and tri-methyl 
ethers (Baker and Rostnson), 159. 

2-Methyiirigenol, synthesis of (BAKER 
aud Rosinson), 152. 

Methyl-lupinines, a- and §-chloro-, 
methiodides (CLEMo and RapEr), 
1934, 

3-Methyl-A'*-menthadiene (READ and 
WatTrERs), 2169, 

3-Methylmenthan-3-ol 
Watters), 2170. 

Methyl 8-methylbutenyl ketones, and 
their semicarbazones (QUDRAT-I-KHU- 
DA), 1915. 

a ie acid (HEAP 
and Rosinson), 70, 

Methylnaphthathiazole ethiodides and 
methiodides (HAMER), 2601. 

Methyl-a- and -§-naphthathiazoles, 
cyauine dyes from salts of (HAmsER), 
2598. 

2-Methyl-l-naphthoic acid, /-menthyl 
ester (RULE, SPENCE, and BRETSCHER), 
2522. 

N-Methylnicotinic acid, methyl ester, 
tetrachloroiodide (CHATTAWAY and 
PARKES), 1315. 

O-Methyl-m-nitrobenzamidoxime 
(Brapy and Pgeak1n), 2270. 

a- and 8-Methyloxy-sparteines, and its 
derivatives (CLEMo and RapEr), 1939. 

Methyleyclopentane-l-carboxylie acid, 
2-amino-, y-lactam of (MENON and 
SIMONSEN), 305. 

8-Methyl-AS-pentenonitrile (KANDIAH 
and LINSTEAD), 2151. 

1- and 8-Methylphenarsazinic acids, 
and their hydrochlorides (Grsson and 
JOHNSON), 780. 

Methylphenarsazinic acids, amino-, and 
nitro- (Gipson and JoHNsoN), 1247. 


(READ and 
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dl- N-2-Methylphenylalanineamide-4- 
arsinic acid. See d/-N-o-Tolylalanine. 
amide-5-arsinic acid. 

2-Methy1-5-isopropyltetraphenylmeth- 
ane, 4-hydroxy- (HARDY), 1006. 

6-Methy!-2-pyridone-4-carboxylic acid, 
and its methy] ester, 5-bromo-3-cyano- 
and 3-cyano-, ethyl esters (BARDHAN), 
2227. 

2:3-(2’-Methylpyrrolo)(4’:5’)-quinoline 
(ROBINSON), 2949, 

2-Methylquinoline, 3-amino-, derivatives 
of (RoBINSON), 2949. 

B-Methylsorbic acid, and its derivatives 
(Burton and INGoLp), 2028. 

Methylsparteine, and its derivatives 
(CLEMO and Raper), 1938. 

Methyl-y-strychnidine (B), and its de- 
rivatives (PERKIN and RoBINson), 
995. 

Methyltelluronium érihalides (Drew), 
566. 

Methyl-cis-A‘-tetrahydrophthalic acid, 
3:6-dihydroxy-, dilactone (FARMER 
and WARREN), 904. 

Methyl-cis-A‘*-tetrahydrophthalic an- 
hydride, 3:6-dibromo- (FARMER and 
WARREN), 903. 

3-Methyltetraphenylmethane, 4-amino- 
and 4-chloro- (HAnpy), 1008. 

2-Methylthiolbenzamide (McCLELLAND 
and WARREN), 2625. 

2-Methylthiolbenzonitrile (MoCLELLAND 
and WARREN), 2625. 

2-Methylthiolbenzothioamide (Mc- 
CLELLAND and WaRREN), 2625. 

2-o- Methylthiolphenyl-4:5-dihydrogly- 
oxaline, and its derivatives (Mc- 
CLELLAND and WARREN), 2625. 

Methyl-m-toluidine, 6-nitro-4-amino- 
(Brapy, Day, and REYNOLDS), 
2265. 

Methyltri‘soamylphosphonium _ iodide 
(Davies, PEARSE, and JoNngs), 1267. 

Methyltri-x-butylphosphonium iodide 
(DAviEs and JoNnEs), 34. 

Methyltriethylphosphonium hydroxide, 
and its salts (FENTON and INGOLD), 
2350. 

Methyltri-n-propylphosphonium iodide 
(DAVIES, PEARSE, and Jonxs), 1264. 

3’-Methylxantha-8-naphthaspiropyran 
(InviInG), 1095. 

Molecular compounds, organic, structure 
of (BENNETT and WILzIs), 256. 

Molecular volume. See under Volume. 

Molybdenum, electro-deposition of, at 
a mercury cathode (MERRILL and 
RUSSELL), 2389. 

Molybdenum bromides, 


complex 
(ANGELL, JAMES, and WARDLAW), 
2578. 
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Monosaccharides, structure of (AVERY 
and Hirst), 2466. 

Morin, synthesis of, and its trimethyl 
ether (ROBINSON and VENKATARA- 
MAN), 61. 

apoMorphine dimethyl ether, attempted 
synthesis of (GULLAND, HawortTH, 
VirDEN, and CaLLow), 1666. 

Motor spirit, determination of aromatic 
and unsaturated hydrocarbons in 
(MANNING), 1014. 

Moulds, degradation of fatty acids by 
(STENT, SUBRAMANIAM, and WALKER), 
1987, 2485. 

Myricetin 3’:4’:5’-trimethyl ether, and 
its triacetyl derivative (HEAP and 
RoBINson), 69. 


N 


Naphthadianthrone, 3-iodo-2:2’-dihydr- 
oxy-, diacetyl derivative (HARDACRE 
and PERKIN), 185. 

a-Naphthaleneazo-3:6-disulpho-8-naph- 
thyl sodium sulphite (Kine), 608. 

Naphthaleneazopheny] sulphate, 2-hydr- 
oxy-, potassium derivative (Burk- 
HARDT and Woop), 147. 

a-Naphthaleneazosulpho-a-naphthyl 
sodium sulphites (KiNG), 607. 

Naphthalene-2-sulphinyl chloride, 
1-bromo- (ConEN and Smiues), 211. 

Naphthalene-2-sulphonyl chloride, 
1-bromo- (CoHEN and SminEs), 211. 

Naphthathiazolealdehyde _ ethiodides, 
p-dimethylaminoanils of (HAMER), 
2407. 

isoNaphthathioxin, synthesis of (CoHEN 
and SMILEs), 209. 

Naphthindole, thio-, and its acetyl 
derivative (McCLELLAND), 1588. 

Naphthoic acids, substituted, /-menthyl 

esters, rotation of (RULE, SPENCE, 
and BRETSCHER), 2516. 
chloro-, hydroxy-, and _nitro-, 
l-menthyl esters (RULE, SPENCE, 
and BRETSCHER),: 2520. 
a- ee stucture of (K1x¢), 
1. 


reaction of ethyl ether, acetyl bromide 
and (BassEtT and Taytor), 1568. 
Naphthyl sulphates, amino- and nitro-, 
potassium derivatives (BURKHARDT 
and Woop), 144. 
peng, nitration of (BELL), 
4. 


Nickel, combination of hydrogen and 
oxygen on surface of (DONNELLY), 2438. 
Nickel chloride, action of hexamethyl- 
enetetramine with (Durr and 
Britis), 411. 
chromates (Briags), 245. 
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Nicotine, isolation of, from tobacco, and 
its tetrachloroiodide (CHATTAWAY 
and ParKEs), 1314. 

properties of, and its derivatives 
(Lowry and Lioyp), 1376, 1771. 

determination of (CHATTAWAY and 
PARKES), 2817. 

Nicotinic acid te¢rachloroiodide (CHATT- 
AWAY and PARKEs), 1315. 

Nitration of benzyl derivatives of anti- 
mony, arsenic and phosphorus com- 
pounds (CHALLENGER and PEeTERS), 
2610. 

Nitriles, unsaturated isomeric, prepara- 
tion and interconversion of (KANDIAH 
and LinsTEAp), 2139. 

Nitroamines, interaction of, with sul- 
phonyl chlorides (BELL), 2787. 

Nitro-compounds, reduction of, in pyri- 
dine solution (Brapy, Day, and 
REYNOLDs), 2264. . 

Nitrogen, active, decay of after-glow in 
(WILLEY), 228. 

Nitrogen monoxide (nitrous oide), infra- 
red emission spectra of flames in 
(BAILEY and L1s), 57. 

mono- and di-oxides, combustion of 
charcoal in (SuaAH), 2661, 2676. 

per- or tetr-oxide, photochemical equi- 

libria in (NorrRIsH), 1158, 1604, 
1611. 

effect of drying on (Smits, Swarr, 
and Bruin), 2716. 

Nitrous acid, action of, on amino- 
compounds (TayLor and Pricer), 
2052. ; 

N-Nitrosoamines, formation of, from 
tertiary amines (MACMILLAN and 
READE), 2863. 

elimination of the nitroso-group from 
(MAcMILLAN and READB), 585. 

Nitrosulphonyl chlorides, reactions of 
(Dann and Davies), 1050. 

Nitrosylsulphuric acid, and its anhydr- 
ide (Jones, Price, and Wess), 
312. 

Nonane-1:9-dicarboxydi-8-phenylethyl- 
amide (CHILD and Pyman), 2015. 

Nonane-1:9-dicarboxydi-8-veratryl- 
ethylamide (CHILD and PyMAN), 
2016. 

Norsantonous acid (CLEMo, HAworTH, 
and WALTON), 2384. 

Nor-d-y-ephedrine, resolution of extern- 
ally compensated acids by means of 
(Gipson and LEvin), 2754. 


0. 


Oats, amylase of (BAKER and HUL1ON), 
1655. 
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Obituary notices :— 
Ernest Edward Mabbott, 2969. 
Francis Edward Matthews, 2970. 
James Moir, 2972. 
Thomas Burr Osborne, 2974. 
Joseph Tcherniac, 2976. 
3’-Octabenzo-8-naphthaspiropyran 
(HEILBRON and Irvine), 942. 
8-Octanols, isomeric, configuration and 
interconversion of (Houssa, KENYON, 
and Puriutrps), 1700. 
Octaphenyleyclosilicotetrane, formation 
of tri- and tetra-phenylsilicanes from 
(Krpprne and Murray), 360. 
Octa-p-tolylsilicotetrane, and its deriv- 
atives (STEELE and Kipprne), 2545. 
Octa-p-tolyleyclosilicotetrane (STEELE 
and Kippine), 2545. 
d-B8-Octyl chlorocarbonate, reactions of 
(Hovssa and Puruuips), 2510. 
3’-Petyldi-8-naphthaspiropyran (HEIL- 
BRON and Irvine), 943. 

Oils, rate of we, ements of, by alkalis 
(McBain, HumpHreys, and Kawa- 
KAMI), 2185, 

hydrocarbon, light, analysis of (MANN- 
ING), 1014. 
isoOpianic acid, synthesis of (CHAKRA- 
VARTI and PgrKrn), 193. 

Optical activity and polarity of sub- 
stituent groups (RULE and Mac- 
GILLIVRAY), 401; (Rutz, MILEs, 
and MacGILLivray), 2274 ; (RULE, 
Spence, and Bretscner), 2516; 
(Ruz), 2524. 

inversion, Walden’s (RérpAm), 1282. 

Optically active compounds, influence 
of solvents and other factors on rota- 
tion and rotation-dispersion of (Pat- 
TERSON and Lawson), 2042 ; (PatrER- 
son and Topp), 2876. 

Organic compounds, rotatory dispersion 

of (Lowry), 2853, 2858. 
with closed chains, history of syn- 
thesis of (PERKIN), 1347. 
determination of selenium and tellur- 
ium in, microchemically (Drew 
and Porter), 2091. 


Oxalic acid, catalysis in dissvciation of. 


(Dawson, Hoskins, and Smirx), 
1884, 
cobalt oxy-salts (PERCIVAL 
WaRDLAW), 2628. 
complex molybdenum salts (SprITTLE 
and WARDLAW), 792. 
Oxalodi-8-veratrylethylamide 
and Pyman), 2015. 
Ox-2:5-dimethoxyanilic acid (GULLAND, 
Rosinson, Scott, and THORNLEY), 
2929. 
1:4-Oxido-A*-p-menthene (ELson, Gis- 
SON, and SIMONSEN), 27384. 


and 


(CHILD 
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Oximes, isomerism of (BRADY and 
CHoKsHI), 946, 2271; (Brapy and 
PEAKIN), 2267. 

syn-Oximes, rate of change of, into the 
anti-forms (PATTERSON and TuHom- 
SON), 1895. 

Ox-6-nitro-3:4-methylenedioxyanilic 
acid (GULLAND, Rosinson, Scorr, 
and THORNLEY), 2931. 

Oxydihydrostrychnidine (A) (PERKIN 
and Ropinson), 985. 

, dried, dielectric constant of 
(RtILey), 1026. 
combustion of charcoal in (Suan), 
2661, 2676. 
combination of hydrogen and, on 
nickel (DONNELLY), 2488. 
on platinum (DONNELLY and Hiv. 
SHELWOOD), 1727. 
available, determination of, by the 
Bunsen method (PARKER and Ros. 
INsON), 1106. 
oxonium, orienting influence of (Lr 
Fivre), 2771. 


P. 


Palmitic acid, allyl and dibromohydrin 
esters (FAIRBOURNE and CownprEey), 
134. 

Palmitin  di-p-nitrobenzoate 
BOURNE and CowpDREy), 135. 

Parachloral, di- and ¢tri-thio- (CHAaArTr- 
AWAY and KgEuuett), 2914. 

Parachor and chemical constitution 

(SuepEN), 816; (HENLEY and 
SucpEN), 1058; (SuepEN and 
WILKINs), 1291; (GARNER and 
SuGDEN), 1298. 

evaluation and _ interpretation of 
(MumrorD and PHILuips), 2112. 

of substances in solutions (HAMMICK 
and ANDREW), 754, 

Passivity of metals (EVANs), 92. 

Pedler Lecture (PERKIN), 1347. 

Pentacosanic acid, heat of crystallisation 
of (GARNER and Kine), 1860. 

3:5:8:3’:4’-Pentamethoxyflavone, i- 
hydroxy- (Baker, Nopzv, and Ros- 
INSON), 79, 

3:6:7:3':4’-Pentamethoxyfiavone, 5- 
hydroxy- (Baker, Nopzv, and Ros- 
INSON), 81. 

Pentamethoxy-2-methylisoflavone, 5- 
hydroxy-. See 2-Methylirigenin di- 
methyl ether. 

6:7:3’:4’:5’-Pentamethoxy-2-styrylisv- 
flavone, 5-hydroxy- (Baker and 
Rosinson), 159. 

ae-Pentamethylene diselenocyanate 
(MorG@aAN and BurstTA.t), 2202. 


(Farr. 
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cycloPentamethylene diselenide (Mor- 

GAN and BuRSTALL), 2202. 

Pentamethylene glycol, urethanes from 
(BENNETT and HEATHOOAT), 273. 

Pentamethylenemethylsulphonium salts 
(BENNETT, HEATHCOAT, and MorRIs), 
2571. 

Pentane vapour, effect of carbon dioxide 
on pressure of (SAYcE and Briscoe), 
1303. 

cycloPentane-l-acetone-l-acetic acid, 
and its derivatives(QuDRAT-I-KHUDA), 
719. 

cycloPentane-1-acetone-l-malonic acid, 
andits derivatives (QUDRAT-I-KnupDA), 
719. 

cycloPentane-1:1-dicarboxylic acid, 
preparation of, and its disodium salt, 
and their dissociation constants 
(VoGEL), 1489. 

cycloPentane-1:2-dicarboxylimide 
(Menon and SimonsEN), 304. 

cycloPentanesptrocyclo-3-hydroxy-6- 
cyano-3-methyl-5-piperidone 
(QUDRAT-I-KHUDA), 719. 

cycloPentanespiro-4-methylcyc/ohexane- 
3:5-dione (Dick1ns, Hueu, and Kow), 
576. 

isoPentanesulphinic acid, silver salt 
(Fenton and INGoLD), 2341. 

cycloPentanone m-nitrophenylhydrazone 
(PLANT), 2495. 

cycloPentanone-2-carboxyanilide 
(BLounT, PERKIN, and PLANT), 
1983. 

A*-cycloPentene, 1:2-dibromo- (FARMER 
and Scorr), 177. 

cycloPentenylacetone (Dickins, Hucu, 
and Kon), 578. 

A!-cycloPentenylmethyl ethyl ketone, 
and its semicarbazone (DICKINs, 
Hue, and Kon), 576. 

Penthian series (BENNETT and WaApp- 
INGTON), 2829, 2832. 

Penthianolcarboxylic acid 
and WADDINGTON), 2831. 

Penthian-4-0l-4-carboxylic acid oxides 
(BENNETT and WADDINGTON), 2836. 

Penthian-4 one, and its derivatives 
(BENNETT and WADDINGTON), 2829. 

Penthienoindole, and 8-bromo- (BEN- 
NETT and WADDINGTON), 2830. 

Pentoses, production of kojic acid from 
(CHALLENGER, KLEIN, and WALKER), 
1498. 

cycloPentylideneacetone 
Hue, and Koy), 577. 

cycloPentylideneacetonitrile (KANDIAH 
and LInsTEaD), 2151. 

cycloPentylidenemethyl ethyl ketone, 
and its semicarbazido-semicarbazone 
(Dick1ns, Hueu, and Kon), 575. 


(BENNETT 


(DicKINs, 
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Periodic structures, formation of, by 
coagulation 


salting-out and by 

(HencEs), 2779. 

Peroxides, detection of (K1nc), 750. 

Phenanthra-tert.-butylphenazine, pre- 

paration of (SHOESMITH and MACKIE), 

477. 

Phenanthrene, dinitro- (CALLow and 

GULLAND), 2425. 

9-Phenanthrylaminoacetonitrile (CAt- 

Low and GULLAND), 2425. 

Phenarsazinic acid, 2:4.6:8-teirabromo 

(Etson, Grsson, and Jonson), 

1088. 

Phenol, 3:4:6-tribromo-2-nitro- (Hopc- 
son and Nrxon), 2424. 

m-chloro-, nitrosation of (Hopcson 
and KERSHAW), 1553. 

2:4-dichloro-3- and -5-nitro- (GROVEs, 
TURNER, and SHarp), 517, 522. 

m-fluoro-, Reimer-Tiemann reaction 
with (HopGson and Nrxon), 1632. 

3-fluoro-2-bromo- (Hopeson and 
Nixon), 1636. 

8-Phenol, p-nitro-, formation of (DuFF), 

2789. 

Phenols, and their ethers, Tesla-lumin- 
escence spectra of (MACMASTER, 
Russet, and StrwakrT), 2401. 

nitrosation of (Hopeson and KeErR- 
SHAW), 1553. 

introduction of the triphenylmethyl 
group into (Harpy), 1000. 

Phenols, dichloronitro- (HopGson and 
KERSHAW), 2922. 

o- and p-nitro-, solubilities of, in 
methyl alcohol solutions (Durr), 
2789. 

Phenol ethers, halogenation of (BRAD- 

FIELD, JONES, and Orton), 2810. 

Phenolcinchomeronein (TEWAR!), 1643. 

Phenolic compounds, acylated, migration 

of acyl group in (PERKIN and Story), 

1399. 

Phenoxides, colloidal and 

Eastwoop), 2897. 

Phenoxyérichlorosilicane 

and Kippinc), 1177. 

Phenoxychlorosilicanes, action of sodium 

on (‘T'Hompson and Kippin@), 1176. 

8-Phenoxyethylaniline (PEAcockK, 

BHATTACHARYA, and Rao), 1926. 

8-Phenoxyethyl-p-chloroaniline (PEa- 

cocK, BHATTACHARYA, and_ Rao), 

1926. 

8-Phenoxyethyi-a-naphthylamine (PEA- 

cock, BHATTACHARYA, and Rao), 

1927. 

8-Phenoxyethyltoiuidines (PEAcocK, 

BHATTACHARYA, and Rao), 1926. 

y-Phenoxy-a-phenylisopropyl aleohol 

(Boyp and VINEALL), 1622, 


(BAKER 


(THompson 
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Phenyl barium phosphate (PLIMMER and 
Burcu), 296. 
benzy] ethers, rearrangement of (SHORT 
and STEWART), 553. 
e-chloroamyl and 6-chlorobutyl sulph- 
ides (BENNETT, HeaTHCoAT, and 
Mossks), 2569. 
e-hydroxyamyl sulphide, and 
phenylurethane (BENNETT 
HEATHCOAT), 274. 
5-hydroxybutyl sulphide, and 
F enylurethane (BENNETT 
EATHCOAT), 273. 
isopropy] ether, p-chloro- (BRADFIELD, 
JoNEs, and ORTON), 2815. 
selenium bromide, parachor of (HEN- 
LEY and SuGpEN), 1063. 
sul phates, amino- and nitro-, hydrogen 
and potassium derivatives (BuRK- 
HARDT, and Woop), 146. 
Phenylacetylacetone-o-carboxylic acid 
(HurtTLEy), 1871. 
Phenylalanines, hydroxy-, isomeric 
(DickINsON and MARSHALL), 1495. 
di-N-Phenylalanineamide-4-arsinic 
acid, resolution of (Gisson and 
LEVIN), 2737. 
N-Phenylalanine-4-arsinic acid, and 
its amide and esters, resolution of 
(Gipson, JOHNSON, and LEVIN), 
483. 

Phenylarsinic acids, diamino-, mono-, 
and di-nitroamino-, and their acetyl 
derivatives (PHILLIPS), 2826. 

bromo-, chemotherapy of (HAYTHORN- 
THWAITE), 1011. 
bromo-, bromonitro-, chloronitro-, 
iodo-, iodonitro-, and nitrohydroxy-, 
and their derivatives (BARBER), 
2335. 
2-bromo-4-amino-, and its acetyl 
derivative, 3-bromo-4-hydroxy-, aud 
2-nitro-4-amino-, acetyl derivative 
(HAYTHORNTHWAITE), 1013. 
halogeno-, nitration of (BARBER), 
2333. 
9-Phenyl-10-benzhydryl-9:10-dihydro- 
anthranol-9 (BARNETT and Goop- 
way), 1757. 
iso-9-Phenyl-10-benzhydryl-9:10-dihy- 
droanthranol, 1:5-dichloro- (BARNETT 
and Goopway), 22. 
1-Phenylbenziminazole, and 5-amino-, 
and 5-nitro- (PHILLIPps), 2822. 
1-Phenylbenziminazole-5-arsinic 
(PHILLIPS), 2823. 
N-Phenylbenzimino-2:4-dichlorophenyl 
ether, N-2:4-dichloro- (CHAPMAN), 
571. 

N-Phenylbenzimino-2:4:6-‘richloro- 

phenyl ether, -o- and -p-chloro- 


its 
and 


its 
and 


acid 





(CHAPMAN), 570, 
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3-Phenylbenzo-8-naphthaspiropyran 
(HEILBRON and IRvING), 940. 

2-Phenylbenzopyrylium salts, and 3.- 
and 4-nitro- (LE FEVRE), 2771. 

1-Pheny]-1:2:3-benztriazole-5-arsinic 
acid, and 4-hydroxy- (Barser), 
474. 

Phenylbenzylamine, nitration of deriy- 
atives of, and nitroso-4-nitro- (REILLY, 
Drumm, and CREEDON), 641. 

Phenylbenzyl ketone, 2:5-dihydroxy- 
(BAKER and Eastwoop), 2905. 

Phenylbromoacetonitrile, p-nitro- 
(BAKER and INGoLD), 446. 

Phenylbromocyanonitromethane, nitra- 
tion of (BAKER and INGOLD), 423. 

6-Phenylcarbamy]-2:3:4:5:6:13-hexa- 
hydro-a-quinidene (BLounT, PERKIN, 
and PLant), 1985. 

N-Phenylearbazole, 2’:4’-dinitro- (Lz 
Fivre), 737. 

Phenyldichloroarsine, parachor 
(HEeNury and SuepEn), 1062. 

3-Phenyleoumarin, 5:7:3':4’-tetrahydr- 
oxy- (BaKER), 1598. 

Phenyldi-x- and -iso-amylphosphines, 
and their mercurichlorides (DAvrzs, 
PEARSE, and JonzEs), 1266. 

Phenyldi-7-butylphosphine 
and JONES), 34. 

Phenyldi‘sobutylphosphine, 
mereurichloride (DAVIEs, 
and Jones), 1265. 

1-Phenyl-1:2-dihydrobenzisothiazole, 
2-thio- (McCLELLAND, WARREN, and 
JACKSON), 1585. 

2-Phenyl-4:5-dihydrog lyoxaline, 2-0- 
thiol-, and its salts (McCLELLAND 
and WARREN), 2624. 

3-Pheny1-2-(3:4-dimethoxypheny])- 
benzo y-pyrone, 7-hydroxy- (BAKER 
and Eastwoop), 2904. 

Phenyldi-(5-methylamyl)phosphine 
(Davies, P£arsE, and JONEs), 1268. 

Phenyldi-(/-8-methylbutyl)phosphine, 
and its mercurichleride (DAvIEs, 
Pearse, and Jongs), 1266. 

4-Phenyl-2.6-dimethy]l-1:4-dihydro- 

yridine-3;:5-dicarboxylic acids, 
chloro- and hydroxy-, ethyl esters 
(HinkeL and Manet), 758. 
4-Phenyl-2:6-dimethylpyridine-3:5-di- 
carboxylic acids, chloro-, ethyl esters 
(HINKEL and Mapex), 753. 

Phenyldi-n-propylphosphine, and its 
derivatives (DAVIES, PEARSE, and 
JONES), 1264. 

o-Phenylenediamines, action of, on di- 
hydroxytartaric acid (CHATTAWAY 
aud HumpHrReEy), 645. 

m-Phenylenediaminecinchomeronein 
(TEWARI), 1644, 


of 


(DAvVIEs 


and its 
PEARSE, 
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8-Phenylethylamine, §-3-amino- and 
8-3-nitro-, and their hydrochloride 
(GULLAND, Hawortn, and VIRDEN), 
1671. 

Phenylethyldi-n-butylphosphonium 
iodide (DAviEs and Jongs), 34. 

Phenylethyldimethylamines, a-hydr- 
oxy-, isomeric, and their methyl- 
urethanes and their miotic activity 
(E. and E. SrepMaAn), 609. 

Foesgtany ai-()-esthglenglipbagie: 
ium iodide (Davigs, PEARSE, and 
JONES), 1268. 

Phenylethylpyridones, 3-cyano- (Barp- 
HAN), 2229. 

4-Phenyl-6-ethyl-a-pyrone-3-carboxylic 
acid, ethy] ester (BARDHAN), 2229. 

N-8-Phenylethylsuccinimide (CHILD 
and PymaANn), 2014. 

8-Phenylethyltriethylphosphonium 
hydroxide, and its picrate (FENTON 
and INGOLD), 2353. 

8-Phenylgalactoside, p-hydroxy-, and 
its tetra-acetyl derivative (RoBErr- 
son), 1821. 

Phenyl glycide, reaction between 
magnesium phenyl bromide and 
(Boyp and VINEALL), 1622. 

Phenylglyoxylanilide, o-amino-, benzoy | 
derivative, and its anil (CALLOW and 
Hope), 1196. 

Phenylglyoxylic acid, 2-amino-, 
B-phenylethylamine salt (GuL- 
LAND, HAWoRTH, VIRDEN, and 
CALLOW), 1672. 

benzoyl derivative, aniline salt and 
ethyl ester (CALLOw and Hope), 
1196. 

Phenylglyoxylo-8-phenylethylamide, 
2-amino-, benzoyl derivative (GUL- 
LAND, . HaworTH, VIRDEN, and 
CALLOW), 1672. 

Phenyleyc/ohexane, and its p-amino- 
and p-halogeno-derivatives, nitration 
of (MaygEs and TurNER), 500. 

Phenylcyc/ohexane, 4-chloro-2 : 5-di- 
amino- (MAyEs and TurRNER), 508. 

Phenylbydrazine, 2:4-dinitro-, hyvdro- 
chloride, action of, on aldoximes and 
their derivatives(Brapy and PeakIn), 
478. 

Phenylhydrazones, nitro-, absorption 
spectra of, in alcohol and in alcoholic 
potassium hydroxide (Hopcson and 
Cooper), 231. 

1-Phenyl-2-a-hydroxyethylbenzimin- 
azole-5-arsinic acid (PHILLIvs), 2823. 

2-Phenyliminomethyl-yc/opentanone-4’- 
sulphonic acid (bLouNT, PERKIN, 
and PLANT), 1986. 

$-Phenyl-A’*-menthadiene (READ and 

WATTERS), 2170. 
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3-Phenylmenthan-3-ol (READ and War- 
TERS), 2171. 

Pheny1l-py-methoxybenzyl ketone, 2:4-di- 
hydroxy- (BAKER and EastTwoop), 
2902. 

Phenyl-p-methoxyphenylbenzo-y-pyr- 
ones, 7-mono- and 5:7-di-hydroxy- 
(BAKER and Eastwoop), 2903. 

a-Phenyl-y-p-methoxyphenyl-A8-pro- 
pene, preparation of (INGoLD and 
SHOPPEE), 450. 

a-Phenyl-y-methylallyl alcohol, and its 
acetate (BURTON), 456. 

1-Phenyl-2-methylbenziminazole, and 
5-amino- (PHILLIPs), 2822. 

N-Phenyl-2-methylbenziminazole-5(6)- 
arsinic acid (BARBER), 474. 

Phenylmethyldi-n- and -iso-amylphos- 
phonium iodides (DAVIES, PEARSE, 
and JonEs), 1266. 

Phenylmethyldi-n- and -cso-butylphos- 
phonium iodides (DAvVixEs and JoNgs), 
34. 

Phenylmethyldi-(5-methylamyl)phos- 
phonium iodide (Davirs, PEARSE, 
and JoNEs), 1268. 

Phenylmethyldi-(d/-8-methylbutyl)- 
phosphonium iodide (Davizs, PEARSE, 
and JoNEs), 1266. 

Phenylmethyldi-n-propylphosphonium 
iodide (DAVIES, PEARSE, and JONES), 
1264. 

Phenylmethylnitrosoamine, 4-bromo- 
2- and -3-nitro-, 4-nitro- and 3:6-di- 
nitro- (MACMILLAN and READE), 
2866. 

4-Phenyl-1-methylpenthian-4-ol-sulph- 
onium salts (BENNETT and WADDING- 
TON), 2837. 

Phenylmethylpyridones, and 3-cyano- 
(BARDHAN), 2228. 

Phenyl-a-naphthylamine, ‘¢etrabromo- 
(Etson, GrBson, and JOHNSON), 
1086. 

2-Phenylnaphthylene-1:3-diamine, pre- 
paration and resolution of, and iso- 
merism of its derivatives (LESSLIE 
and TURNER), 1512. 

Phenylnitroamine, 2:4-dibromo- (BRAD- 
FIELD and Ort10n), 918. 

Phenylnitroamines, transformation of, 
into nitroanilines (BRADFIELD and 
OrToN), 915. 

Pheny1-3-nitrobenzyl-n-butylamine 
(REILLY, DrumM, and CREEDON), 643. 

Phenyldi-m-nitrodibenzylamine (RKE&IL- 
LY, URumMM, and CrEEDON), 644. 

Phenylnitromethane, y-acidic, and its 
silts, nitration of (BAKER), 2257. 

Phenylpentamethylenesulphonium salte 
(BENNETT, HEaTHCOAT, and MossEs), 
2470, 
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4-Phenylpenthian-4-ol, and its deriv- 
atives (BENNETT and WADDINGTON), 
2831. 

4-Phenylpenthian-4-ol oxides (BENNETT 
and WADDINGTON), 2834. 

4-Phenylpenthian-4-ol-1-y-toluenesulph- 
onylimine (BENNETT and WADDING- 
TON), 2838. 

1-Phenylphthalazine, and nitro- (Ac- 
GARWAL, DARBARI, and RAy), 1945. 

1-Phenylphthalazine, 6(or §8)-nitro- 
(RAy), 2661. 

N-Phenylphthalimide, 2:4-dichloro- and 
2:4-dichloro-5-nitro- (Groves, TuR- 
NER, and SHarp), 518. 

Phenylpiperidine, 4-chloro-2:6-dinitro- 
(Groves, TURNER, and SHarp), 521. 

8-Phenylpropionamide, 8-3-nitro- (GuL- 
LAND, HAworRTH, and VIRDEN), 1671. 

8-Phenylpropionic acid, 8-3:5-dinitro- 
4-hydroxy- (CALLow, GULLAND, and 
Hawortsh), 1452. 

2:3-(2’-Phenylpyrrolo)(4’:5’ )-quinoline, 
and its methosulphate (Rostnson), 
2950. 

B-Phenyl-4-quinolone-3-propionic acid 
(PLANT), 2497. 

Phenylseleninic acid, parachor of (HEN- 
LEY and SuepEN), 1064. 

Phenylsilicon trichloride (KippPIne, 
Murray, and MAtrsy), 1184. 

3-Pheny1-2- ys pyrones, 
7-mono- 5:7-di-hydroxy-, and 
7-cinnamoy! derivative of the latter 
(BAKER and Eastwoop), 2901. 

Phenyl styryl ketones, synthesis of 
(CULLINANE and Pui.roTt), 1761. 

Phenylsuccinic acid series (WREN and 
WRIGHT), 136, 138. 

Phenyltetramethylenesulphonium salts 
(Bennett, HeATHCOAT, and Mossgs), 
2570. 

Phenylthioarsenious acid, 
di(carbamylmethy])ester 
2335. 

Phenylthioarsinous acid, 4-amino-, 
3-amino-4-hydroxy-, and 5-amino- 
2-hydroxy-, 5-acetyl derivative, esters 
of (BARBER), 1022. 

Phenyl-m-tolylamine, and its benzoyl 
derivative (Gipson and JoHNsoN), 
1475. 

1-Phenyl-p-tolylmethyltelluronium salts 
(Lowry and GILBERT), 2873. 

Phenyltrimethylammonium  dichloro- 
iodide, dissociation of, in solutions 
(READE), 853. 

Phenyltri-n-propylphosphonium brom- 
ide (DAvIEs, PEARSE, and JONEs), 
1264. 

Phloroglucinolcinchomeronein (TE- 
WARI), 1643, 


o-bromo-, 
(BARBER), 
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(Davies and 


Phosphines, tertiary 
PEARSE, and 


JoNEs), 33; (DAVIES, 
JONES), 1262. 
Phosphonium hydroxides, qyeternary, 
thermal decomposition of (FEnton 
and INGoLp), 2342. 
Phosphorus, oxidation of vapour of 


(BowrEn and CAVELL), 1920. 
slow oxidation of (MILLER), 1823, 
1829. 

Phosphorus pentachloride, action of, on 
ethyl tartrate 
Topp), 1768. 

trioxide, vapour pressure of (MILLER), 
828. 


(PATTERSON and 


pentoxide, action of, on 8-anilinobutyr- 
acetal (MAson), 1560. 
oxychloride. See Phosphoryl chloride. 

Phosphorus ———- compounds, nitration 

of benzyl derivatives of (CHAL- 
LENGER and Peters), 2610. 

Phosphoric acid, esters of (PLIMMER 
and Burcn), 279, 292. 

Phosphoryl chloride (phosphorus oxy- 
chloride), structure of compound of 
stannic chloride and (GARNER and 
SucpEN), 1298. 

Photochemical reactions, connexion be- 
tween absorbed energy and velocity in 
(ALLMAND), 1557. 

Phthalazines (AGGARWAL, 
and RAy), 1941. 

Phthalic acid, chlorination of, in alkaline 
solution (AYLING), 253. 

isoPhthalic acid, aaah methy] ester, 
additive compound of a- ll 
amine with (BENNETT and WILLIs) 
266. 

8-8-Phthalimidoethylamino-6-methoxy- 
quinoline, and its salts (BALDWIN), 
2962. 

8-Phthalimidoethyl-6-methoxyquino- 
linium bromide (SESHADRI), 2954. 
1-8-Phthalimidoethy1-6-methoxy-2- 
quinolone (SEsHADRI), 2956. 
8-Phthalimidoethylisoquinolinium 
bromide (SEsHADRI), 2958. 
1-8-Phthalimidoethyl-2-quinolone 
(SEsHADRI), 2953. 
8-y-Phthalimidopropylamino-6-meth- 
oxyquinoline (BALDWIN), 2963. 

-Phthalimidopropyl-6-methoxyquino- 
linium bromide (SEsHADRI), 2956. 

1-7-Phthalimidopropyl-6-methoxy-2- 
quinolone (SesHapRI), 2957. 

8- y-Phthalimidopropyl-6-methylquinol- 
ine, and its dihydrochloride (Ba.p- 
win), 2964. 

-Phthalimidopropylquinolinium 
bromides (SESHADRI), 2954. 

2-y-Phthalimidopropylisoquinolone 
(SESHADRI), 2959, 


DARBARI, 
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B-Phthalimidoguinolinium bromide 
(SESHADRI), 2953. 

9-8-Phthalimidozsoquinolone 
HADRI), 2958. 

Physical chemistry in the service of 
biology (Donnan), 1387. 

Pimelic acid, catalytic and thermal 
decomposition of (VocEL), 728. 

Pimelodi-8-phenylethylamide 
and PyMAN), 2015. 

Pimelodi-8-veratrylethylamide (CHILD 
and PyMAN), 2016, 

Pinacols, production of (Harr), 1623. 

Pinus longifolia, Indian turpentine 
from (GrBson and SIMONSEN), 305. 

Piperazine, N-substituted derivatives 
of (MoorE, Boy re, and THory), 39. 

Piperazine-1-carboxylic acid, ethyl ester 
(MoorE, Boye, and Tuorn), 45. 

Piperazinoacetic acid, and its hydro- 
chloride (Moorr, BoyLE, and Tuory), 
48, 

Piperazino-y-butyric acid, and _ its 
chloroplatinate (MoorE, Boye, and 
THoRN), 49. 

Piperazino-8-propionic acid, and its 
dihydrochloride (Moorr, Boye, and 
THORN), 49. : 

Piperic acid, hydrogenation of (LEBEDEV 
and YAKUBCHIR), 220. 

Piperidine, action of, on diary] ethers 
(Groves, TURNER, and SHARP), 512. 

9§-Piperidinomethylmethylanthracenes, 
and 10-bromo- (BARNETT and Goop- 
way), 1760. 

4-Piperidinophenyleyc/ohexane, 2:5-di- 
nitro- (MAyrs and TURNER), 505. 

N-Piperidyl-lupinine, and its dimeth- 
iodide (CLEMo and RAPER), 1938. 

Piperitone, and its derivatives (READ, 
WatTrers, RoBERTSON, and HuGHEs- 
poN), 2068; (READ and WarTTERs), 
2165. 

Piperonaldehyde benzoylhydrazone 
(AGGARWAL, Darsari, and RAy), 
1944, 

Piperonylideneaminobenzoic acids 
(GuLLAND, Hawortn, VIRDEN, and 
CaLLow), 1674. 

Plants, fossil, constituents of cuticle of 
(Lege and WHEELER), 2449. 

Plant cuticles (LEGG and WHEELER), 
2444, 2449. 

Plant substances, oils from (HoLRoyD 
and WHEELER), 633. 

Platinum, colloidal (PENNYcUICK), 618, 
623. 

Polarimetry of intramolecular rearrange- 
ment in inactive substances (PATTER- 
soN and THomson), 1895. 

— electrolytic (GLASSTONE), 

Q 


(SEs- 


(CHILD 
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Polarity and optical activity of sub- 
stituent groups (Rutz and Mac- 
GILLIVRAY), 401; (Rutz, MIzes, and 
MACGILLIVRAY), 2274; (RuLE, 
Spenck, and BreEtscHER), 2516; 
(RvuLE), 2524. ; 

Polysaccharides (HAMPTON, HAwortu, 
and Hrrsrt), 1739 ; (HAworTH, Hirst, 
and Wess), 2479. 

Potassium dichromate, photochemical 
oxidation of ethyl alcohol by 
(Bowen and YARNOLD), 1648. 

Dipotassium moly bdeny] penfabromide 
(ANGELL, JAMES, and WARDLAW), 
2581. 

Potassium selenate, solubility of, in 
water between 0° and 100° (FriEenp), 
2782. 

hexathionate (PARTINGTON and T'p- 
LER), 1382. 

Potassium organic compounds :— 

Potassium amino- and nitro-naphthyl 
and -phenyl sulphates, and their 
derivatives (BURKHARDT and 
Woop), 144. 

Potential, electrokinetic, in relation to 
coagulation of colloids (GHosH), 
2693. 

Propaldehyde, emission of light from 
phosphorescent flames of (EMELKUs), 
1733. 

Propane, afy-triamino-, complex salts 
ot metallic halides with (Many), 
656. 

cycloPropane-1;1-dicarboxylic acid, pre- 
paration of, and its di-sodium salt, and 
their dissociation constants (VOGEL), 
1488. 

Propanesulphinic acids, silver salts 
(FENTON and INGOLD), 2340. 

Propionic acid, basic beryllium salt, 
parachor of (SuGDEN), 328. 

Propionylacetone, and its aluminium 
and beryllium detivatives, parachors 
of (SuGpEN), 327. 

Propyl barium phosphate (PLIMMER and 
Burcu), 295. 

n-Propylamine, action of nitrous acid on 
(TAyLor and Prices), 2052. 

Se aaa 
8-y-amino-, and its dihydrochloride 
(BALDWIN), 2964. 

8-Propylamino-6-methoxyquinoline, 
8-y-amino-, dihydrochloride (BALD- 
WIN), 2962. 

8-Propylamino-6-methylquinoline, 
8-y-amino-, dihydrochloride (BALD- 
WIN), 2964, 

3’-isoPropylbenzo-S8-naphthaspiropyran 
(HEILBRON and Irvine), 941. 

3’-isoPropyldi-8-naphthaspiropyran 
(Herpron and Irvine), 942, 
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9-isoPropylfiuorene (MAITLAND and 
TUCKER), 2564. 

B-isoPropylglutaconie acid, attempted 
synthesis of (GiBsON and SIMoNsEN), 
1074. 

B-isoPropylglutaric acid, a-bromo-, 
ethyl ester (GiBsoN and SIMONSEN), 
1078. 

dl-B-isoPropylglutarie acid, d/-a-hydr- 
oxy-, lactone, aud its ethyl ester 
(Gipson and SImMoNnsEN), 1079. 

Propyl-6-hydroxyquinolinium chloride 
hydrochloride, y-amino- (SEsHADRI), 
2957. 

1-Propyl-6-hydroxy-2-quinolone hydro- 
chleride, 1-y-amino- (SESHADRI), 
2958. 

9-isoPropylidenefluorene, preparation of 
(MAITLAND and TucKER), 2563. 

8-m-Propyl-A!*-menthadiene (READ and 
Wartvrers), 2170. 

3-n-Propylmenthan-3-ol 
WatreErs), 2171. 

8-isoPropylpyridine,  2:6-dihydroxy., 
and its derivatives (Gipson and 
SIMONSEN), 1078. 

4-isoPropylpyridine, 2:6-dihydroxy-3- 
eyano- (GiBsoN and SIMONSEN), 
1077. 

Propylquinolinium salts, 
(SESHADRI), 2954. 

Propylquinolones, y-amino- (SESHADRI), 
2954. 

Proteins, effect of, on coagulation of 
bentonite suspensions by electrolytes 
(GuosH), 2285. 

Prototropy in symmetrical triad systems 

(INGOLD and SHoppPeE), 1199. 
three-carbon (INGOLD and SHOPPEE), 
447, 

Pyrazinetetracarboxylic acid, and its 
potassium hydrogen salt and tetra- 
ethyl ester (CHaTTAWay and 
HuMPHREY), 651. 

Pyridinium dichloroiodide, dissociation 

of, in solutions (READE), 853. 
molybdenyl bromides (ANGELL, 
JAMES, and WARDLAW), 2582. 

Pyrocatechol dibenzy! ethers, 4-amino- 
and 4-nitro- (BALABAN), 1092. 

Pyroterebic acid, ethyl ester *(LIN- 
STEAD), 2506. 

2:3-Pyrrolo(4’:5’)-quinoline (Rosrinson), 
2949. 


(READ and 


y-amino- 


Pyruvic acid, action of bromine on 
(HucuEs and Watson), 1946. 


Q. 

Quercetagetin, synthesis of, and its 

hexa-acetyl derivative (BAKER, 
Nopzv, and Rosrnson), 74. 
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Quinaldine. See 2-Methylquinoline. 

Quinaldinic acid, preparation of 
(TayLor), 1110. 

Quinaldinyl chloride, preparation of 
(Hammick and Dickinson), 214. 

Quinaldinylacetoacetic acid, ethy] ester 
(HAmMiIcK and Dickinson), 215. 

Quindoline, 3:4-dihydroxy-, and _ its 
hydrochloride (GULLAND, Rosixson, 
Scott, and THORNLEY), 2938. 

isoQuinoline bases, containing two iso. 
quinoline rings (CHILD and Pymay), 
2010. 

Quinolinium molybdenyl bromides 
(ANGELL, JAMES, and WARDLAW), 
2582, 

Quinoxaline /etrachloroiodide (CHarra- 
way and HumpHrey), 649. 

Quinoxaline, 6-bromo- and _ 6-chloro- 
(CHATTAWAY and HuMPHREY), 650. 

Quinoxalines, synthesis of (HENDERSON), 
466. 

Quinoxaline-2:3-dicarboxylamic acid 
(CHATTAWAY and Humpurey), 648, 

Quinoxaline-2:3-dicarboxy-p- bromo-o- 
-phenylenediamide, 6-bromo- (CHar- 
TAWAY and HumpHRey), 649. 

Quinoxaline-2:3-dicarboxy-p-chloro-o- 
phenylenediamide, 6-chloro- (Cuar- 
TAWAY and HUMPHREY), 649. 

Quinoxaline-2:3-dicarboxylic acid, and 
6-bromo-, and 6-chloro-, and their 
salts and derivatives (CHATTAWAY 
and HuMPHREY), 647. 

Quinoxaline-2:3-dicarboxylimide, and 
its acetyl derivative (CHATTAWAY and 
HUMPHREY), 648. 

Quinoxaline-2:3-dicarboxy-o-phenylene- 
diamide (CHATTAWAY and Huvm- 
PHREY), 647. 


R. 


Racemic acid, esters, liquid (CAMPBELL), 
1111. 

Reactions, elimination, influence of 
poles, and polar linkings on (FENTON 
and INGOLD), 2338, 2342; (INGoLD 
and Jessop), 2357. 

Reactivity of adjacent atoms or groups, 
influence of sulphur atoms on (BEN- 
NETT, HEATHCOAT, and Mossés), 
2567. 

Reimer-Tiemann reaction, influence of 
substituents on (Hopason and JEN- 
KINSON), 469, 1639. 

with m-fluorophenol (Hopcson and 
Nixon), 1632. 

Resorcinol, substitution in derivatives 
of (Kao, SRikANTIA, and IyENGAR), 
1578. 
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Resorcinoleinchomeronein (TEWARI), 
1643. 

Rings, ‘‘strainless ” (Rao), 1954. 
Rotation and chemical constitution 
(BureEss and HuntTER), 2838. 

influence of solvents and other factors 
on, of optically active compounds 
(PATTERSON and Lawson), 2042; 
(PATTERSON and Topp), 2876. 
Rubber gels, vapour pressure diminution 
of (STAMBERGER), 2318. 
Rubidium :— 
Dirubidium molybdeny] pentabromide 
(ANGELL, JAMES, and WARDLAW), 
2581. 


Salicylaldehyde, and its methyl ether, 
preparation of (CopisaRow), 588. 

Salicylic acid, 7-menthyl ester (RULE 

and MacGILiivray), 405. 
d-B-octyl ester (RuLE, MILEs, and 
MacGILLIvRAy), 2279. 
4-Salicylideneamino-4’-malonylamido- 
diphenyl (Lz Fivre), 735. 

Salicylidene-m-nitroacetophenone 
Fivre), 2774. 

Salts, parachors of (SuGDEN and WIL- 

Kins), 1291. 

influence of colloids on precipitation 
of (Dickinson), 358. 

complex (RILEY), 1307. 

Santonin, constitution of (CLEMO, 
HawortTH, and WALTON), 2368. 

dl-Santonous acid, synthesis of (CLEMO, 
HaAwortH, and WALTON), 2368. 

Science, co-operation in industry and 
(THORPE), 834. 

Sebacie acid, catalytic and thermal 
decomposition of (VoGEL), 732. 

Sebacodi-8-phenylethylamide (CHILD 
and PyMAN), 2015. 

Sebacodi-p-veratrylethylamide (CHILD 
and PymAn), 2016. 

cycloSelenibutane, salts of (MoRGAN and 
BuRSTALL), 1100. 

cycloSelenipentane, and its derivatives 
(MorGan and BurstA.t), 2200. 

Selenium, parachor of (HENLEY and 

SuepEN), 1060. 

action of carbon tetrabromide on 
(Briscoz, Pret, and RowLAnpDs), 
1766. 

Selenium compounds, action of hydro- 
fluoric acid on (PripEAUx and MIL- 
LoTT), 2703. 

Selenium oxychloride, and its mono- 
hydrate, molecular weight and parachor 
of, 1064. 

Selenium organic compounds, hetero- 
cyclic (MoRGAN and BursTALL), 1096, 
2197. 


(LE 
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Selenium, determination of, micro- 
chemically, in organic compounds 
(Drew and Porter), 2091. 

cycloSelenobutane, and its derivatives 
(MoreGan and BurstA.t), 1096. 

Selenocyanic acid, p-bromo- and p- 

chloro-phenyl esters, parachors of 
(HENLEY and SucpEN), 1063. 
tetramethylene ester (MoRGAN and 
BurstTaIt), 1101. 
cycloSelenopentane, and its derivatives 
(MorGAN and Bursra.t), 2199. 

Selenophen, mercury compounds of 
(Briscok, PEEL, and Youne), 2589. 

Selenophen, diiodo- (Briscoz, PEEL, and 
Youne), 2592. 

Semicarbazide hydrochloride, action of, 
on. aldoximes and their derivatives 
(Brapy and PEAKIN), 478. 

Semicarbazones, determination of, micro- 
chemically (Hopson), 1384, 

Silicon organic compounds (KIpPiNG 
and Murray), 360; (THompson and 
Krepinc; Krpprinc, Murray, and 


MALTBY), 1180; (STEELE and Kip- 
PING), 2545. 

Silver, electrodeposition of, from its 
complex cyanide solutions (GLAs- 
STONE), 690, 702. 

hydrosols, Bredig (Best and Cox), 
2727. 


Silver carbonate, kinetics of dissociation 
of (SPENCER and TopLEy), 2633. 

Silver, determination of, volumetrically, 
in presence of cyanides and halides 
(BaAInEs), 2037. 

Soap solutions, alkalinity of, measured 
by indicators (McBain and Hay), 
589 


Sodium argentothiosulphates (BAINEs), 
27638. 
chloride, transference of water in 
electrolysis of solutions of (TAYLOR 
and SawyYEr), 2095. 
germanate, hydrolysis of (PucH), 1994. 

Solutions, molecular structure’ in 
(HowELt), 162. 

Solvents, influence of polarity of, on 
velocity of reaction (KERR), 239. 
Sorbie acid, reduction of (BuRTON and 

INGOLD), 2035. 
Spectra, emission infra-red, of flames 
in nitrous oxide (BAILEY and Lin), 
51. 
Tesla—luminescence 
RussELL, and STEWART), 
(RussELL and STEWART), 
2432. 

Squalene, constitution of, and its deriv- 
atives (HeILBRON, OweENs, and 
Simpson), 873; (HEILBRON and 
THompson), 883. 


(MAcMASTER, 
2401 ; 
2407, 
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Stereoisomerism in polycyclic systems 
(Biount, PERKIN, and Praxt) 1975. 

Sterol group (HEILBRON and SExTon), 
921; (Hetsron, Sexton, and 
SPRING), 926, 2255; (Bosz and 
Doran), 2244; (Herupron, Joun- 
STONE, and Sprine), 2248; (HeEiL- 
BRON and SPRING), 2807. 

Stilbene, 2:4:4’-trinitro-a-cyano- (BEN- 
NETT and Pratt), 1468. 

Strain constants, classification of com- 
pounds according to (MuoMFORD and 
PaIuiPs), 2123. 

Strontium chloride, additive compound 
of, with hexamethylenetetramine 
(Durr and Bits), 418. 

Strychnidine, action of hydriodic acid 

on (PERKIN and Rosrinson), 964. 
salts and derivatives of (PERKIN and 
Rosrnson), 998. 

Strychnine (PERKIN and Rosrnson), 
964. 

Styrylbenziminazole, 2-dinitro- (BEN- 
NETT and Pratr), 1468. 


Styryl isobutyl ketone, 2-hydroxy- 


(HEILBRON and Irvine), 941. 
Styryl-4:6-dimethylquinoline, 2-dinitro- 
(BENNETY and Pratt), 1468. 
Styryl ketones, intermolecular condens- 


ation of (HEILBRON and IRVING), 
931. 

Styrylmethylquinolines, di- and ¢ri- 
chlorodinitro- and 2-dinitro-( BENNETT 
and Pratt), 1467. 

3-Styry]-2-methylquinoxaline( BENNETT 

and WILLIs), 267. 

Styryl x-octyl ketone (HEILBRON and 
IrvING), 936. 

Styrylpyridine, a-dinitro- 
and Pratt), 1467. 

Styrylpyrylium salts (HEILBron and 
Irvine), 936; (Invinc), 1093. 

pip bc er ape = colorations of, with 
sulphuric acid (BENNETT and WILLIS), 
267. 

Suberic acid, catalytic and thermal de- 
composition of (VoGEL), 729. 

Suberodi-8-phenylethylamide 
aud PymMan), 2015. 

Suberodi-8-veratrylethylamide (CHILD 
and Pyman), 2016. 

Substance, C,,H,,0., from piperitone 
chlorohydrin and_ silver oxide 
(Reap, Wartrers, Roperrson, and 
HucGnespon), 2076. 

C,,9H,0;N, from reduction of 2-nitro- 
3:4-dimethoxymandelie acid (GuL- 
LAND, Ropinson, Scott, and 
THORNLEY), 2935. 

C,,H,,ON, from J-piperitone and 
= pp cyanide (Reap and 

ATTERS), 2172. 


(BENNETT 


(CHILD 
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Substance, C,,H,O,N,Brs, formed in pre. 
paration of 3-bromo-2-nitrotolnene 
(Evson, Gipson, and JoHNson), 
2740. 

Cy7H 1994, from oxidation of 2:3:6. 
trimethylanthraquinone (Morcay 
and CouLson), 2556. 

Cy 9H 1,02, from guaiacol and a-pheny]- 
acetoacetic ester (BAKER and Easr- 
woop), 2907. 

Substitution in aromatic compounds, 
influence of wy-acid systems on 
(BAKER), 2257. 

Succinodi-8-phenylethylamide (CuiLp 
and PyMAN), 2014, 

Succinodi-8-veratrylethylamide (C1uitp 
and PymaAn), 2015. 

Sucrose, compounds of, with lime, 
strontia, baryta, and potassium 
chloride (MACKENZIE and Qutn), 956. 

Sugars, classification of (MALrsy), 
2769. 

stereoisomerism in (HAWoRTH, Hirst, 
and MILLER), 2469. 

compounds of alkaline earth hydr- 

” oxides with (MACKENZIE and QuIn), 
951. 

Sulphates. See under Sulphur. 

Sulphindene, 2:3-dithio- (McCLELLAND, 
WARREN, and Jackson), 1585. 

4-Sulpho-a-naphthaleneazodisulpho-s- 
naphthyl sodium sulphites (Krvc), 

608. 

4-Sulpho-a-naphthaleneazo-6-sulpho- £- 

naphthyl sodium sulphite (K1Nne), 607. 

4-Sulpho-a-naphthaleneazo-3:6:8-tri- 
sulpho-8-naphthyl sodium  sulphite 

(Kina), 608. 

Sulphones, olefinic degradation of 
(FENTON and INGOLD), 2338. 

Sulphonyl chlorides, interaction of 
nitroamines with (BELL), 2787. 

nitro-. See Nitrosulphonyl chlor- 
ides. 

Sulphur atoms, influence of, on reactivity 
of adjacent atoms or groups (BEN- 
NETT, HEFATHCOAT, and Mossss), 
2567. 

action of carbon tetrabromide on 
(Briscoz, Pren, and Row1Lanps), 
1766. 

Sulphur monochloride, action of, on 
antimony pentachloride (Part- 
INGTON), 2573. 

action of, on arsenic trichloride 
(PARTINGTON), 2577. 

chlorides, molecular extinction co- 
efficients of (Lowry and JEssor), 
1421. 

Sulphates, equilibrium of, with methyl 
and ethyl alcohols (G1sson, Dris- 
COLL, and JonEs), 1440, 
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Systems, symmetrical triad, mobility of 
(INGOLD and SHoprEe), 447. 


T. 


Tartaric acid, methylamine salts (READ, 
STEELE, and CARTER), 27. 
ethyl ester, rotatory dispersion of, in 
carbon tetrachloride (Lowry), 
2860. 
action of phosphorus pentachloride 
on (PatTTzRsON and Topp), 
1768. 

Tartaric acid, dihydroxy-, action of 
o-phenylenediamines on (CHATTAWAY 
and HuMPHREY), 645. 

Tautomerism, mechanism of (BAKER), 

1205. 
keto-lactol (QuDRAT-I-KuUDA), 201, 
713, 1913. 
mobile anion (Burton), 455. 
three-carbon (Dickins, Hueu, and 
Kon), 572; (Huen, Kon, and 
MITCHELL), 1435; (KANDIAH and 
LINSTEAD), 2139; (LINSTEAD), 
2498, 
influence of poles and polar link- 
ings on (INGOLD and RorHsTEIN), 
8 


catalysis in (Kon and LinstrEap), 
1269. 

prototropic (INGOLD and SHOPPER), 
447, 1199. 

Tellurium compounds, action of hydro- 
fluoric acid on (PRIDEAUX and 
MILLoTT), 2703. 

quadrivalent, molecular structure of 
(Lowry and GriLBeERT), 2076. 

Tellurium chloride, basic, action of, with 
cresols (MorGAN and BuvurcEss), 
2214. 

tetrachloride, interaction of dimethyl- 
aniline and (MorGAN and BuRGEss), 
1103. : 
dioxide and oxyfluorides, solubilities 
of (PRIDEAUX and MILLoTT), 2703. 
Tellurium, determination of, micro- 
chemically, in organic compounds 
(Drew and Porter), 2091. 
Tellurones, structure of (Lowry and 
GILBERT), 2089. 
a-Terpinene, oxidation of, with benzoyl- 
hydroperoxide (Exson, Gipson, and 
SIMONSEN), 2732. 
0-Tetra-acetylgalactosidyl 
(RoBERTSON), 1820. 
Tetra-acetylglucose, acid catalysis in 
mutarotation of nitrogen derivatives 
of (BAKER), 1205. 

Tetra-acetylglucosidylbenzylmethyl- 

amide, an ano-, 


bromide 


p-chloro- and p-cy: 
and their derivatives (BAKER), 1207. 
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bee FO I 

hydrochloride (BAKER), 1208. 

Tetra-acetylglucosidyldimethylamide 
hydrochloride (BAKER), 1209. 

Tetra-acetylglucosidyl-p-methylbenzyl- 
methylamide, and its hydrochloride 
(BaKER), 1207. 

Tetra-acetylglucosidylpiperidides, and 
their hydrochlorides (BAKER), 
1208. 

Tetra-acetyl 
FEU), 2459. 

Tetrabenzylarsonium salts (CHALLENGER 
and PErers), 2617. 

Tetrahydrocarbazole, derivatives of 
(PLANT and RuTHERFORD), 1970. 

Tetrahydropentindole, 10-nitro-9-hydr- 
oxy-, and its 8-benzoyl derivative 
(PLANT), 2496. 

Tetrahydropentindole-8-carboxylic acid, 
10-nitro-9-hydroxy-, ethyl ester 
(PLANT), 2497. 

1:2:3:4-Tetrahydroquinolines, substi- 
tuted, stereoisomerism in (PLANT and 
RossER), 1861. 

Tetrahydroselenophen. See cycloSeleno- 
butane. 

Tetramethoxyaporphines, synthesis of, 
and their derivatives (CALLOw, GUL- 
LAND, and Haworrs), 658. 

3’:4’:5:6-Tetramethoxy-1-benzyl-3:4- 
dihydro‘soquinoline, 2’- and 6’-nitro-, 
and their methiodides (CALLow, 
GULLAND, and HaworTB), 664. 

3’:4’:5:6-Tetramethoxy-1-benzyl-2- 
methyltetrahydroisoquinoline, 2’- and 
6’-amino- (CALLow, GULLAND, and 
Haworts), 665. 
3:5:2’:4’-Tetramethoxy-4-bromobenzyl- 
idenecoumaran-2-one (CULLINANE and 
Puitpott), 1764. 
5:7:3’:4’-Tetramethoxy-3-phenyl- 
coumarin (BAKER), 1598. 
4:4’-Tetramethyldiaminodiphenyl _ tel- 
luride and telluridihalides (MorcAN 
and Buregss), 1104. 
2:4:5:4’-Tetramethylbenzophenone, and 
its oxime (MoRGAN and CovULson), 
2554. 
8:7:11:15-Tetramethyl-19-eicosanone 
(HEILBRON and THompson), 889. 
cycloTetramethylene diselenide( MORGAN 
and BURSTALL), 1102, 

Tetramethylene-ad-biscyc/oselenibutane 
1:1’-dibromide (MorcaN and Bur- 
STALL), 1101. 

ad-Tetramethylenediseleninic acid di- 
nitrate (MorGAN and BuRsTALL), 
1102. 

Tetramethylene-ethylsulphonium salts 
(BENNETT, HEATHCOAT, and MossEs), 
2571. 


l-xylononitrile (DEULO- 
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Tetramethylene glycol, pre tion of, 
and its bis-a-naphthylurethane (BEN- 
NETT and HEATHCOAT), 272. 

Tetramethylfructuronic acid, methyl 
ester (ANDERSON, CHARLTON, Ha- 
WoRTH, and NicHotson), 1345. 

1-2:3:4:6-Tetramethyl 5-gluconolactone, 
synthesis of, from J-2:3:5-trimethyl 
arabofuranose (HAWORTH and PEart), 
350. 

Tetramethyl-y- and -3-gluconolactones, 
conversion of, into the correspondin 
mannonolactones (HAWORTH an 
Lone), 345. 

1-2:3:4:6-Tetramethyl gluconophenyl- 
hydrazide (Haworth and Prat), 
357. 

Tetramethyl-luteolinidin 
(BAKER), 1603. 

1-2:3:4:6-Tetramethyl 5-mannonolact- 
one, synthesis of, from /-2:3:5-tri- 
methy] arabofuranose (HaworTH and 
Prat), 350. 

Tetramethylphosphonium hydroxide, 
and its salts (FENTON and INGoLD), 
2349. 

2:3:5:6-Tetramethylpiperazines, stereo- 
isomeric, and their derivatives, and 
dinitroso- (Krpprne), 2889. 

Tetramethylpyrazine, preparation of, 
and its reduction (Krppine), 2891. 

Tetraphenylmethane, 3-bromo- and 3- 

chloro-4-hydroxy- (Harpy), 1006. 
3:4:5-¢ridhydroxy- (HARpDy), 1005. 

Tetraphenylsilicane, formation of, from 
octaphenyleyclosilicotetrane (KIPPING 
and Murray), 360. 

Tetrapropylammonium picrate, parachor 
of (SuGDEN and WILKrns), 1297. 

ay i og pee gee bromide 
(Daviss, PEarsE, and Jonzgs), 1264. 

Thallium :— 

Thallous salts, parachors of (SUGDEN), 
326 


NN’-Thiocarbony]-2:2’-diaminodi- 
phenyl (LE Fizvre), 736. 

Thiocyanic acid, metallic salts, complex 
compounds of triaminopropane with 
(Mann), 656. 

sodium salt, solubility of, in water 
and in organic solvents (HUGHES 
aud Mgap), 2282. 

Thiophen, mercury compounds of 
(Briscoz, PEEL, and Youne), 2589. 
Thioxanthone, derivatives of (RoBERTS 

and SMILEs), 863. 
1-Threose, formation of, and its diacet- 
amide (DEULOFEU), 2458. 

Thyronine, 3’:5’-dibromo-3:5-diiodo- 
(HARINGTON and MoCartTNEy), 897. 
Thyroxine, synthesis of an isomeride of 
(Harinoton and McCartney), 892. 


chloride 
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Tin, parachor of (GARNER and Suepey), 
1298 


Tin chlorides, additive compounds of, 
with hexamethylenetetramine (Durr 
and Brus), 416. 

Stannie bromide and chloride, para- 
chors of (GARNER and Svepen), 
1300. 

chloride, structure of compound 
of phosphorus oxychloride and 
(GARNER and SuG@DEN), 1298. 
oxide sols, scattering of light by 
(Guoss), 2526. 
action of sodium hydroxide on 
(GHosH), 2290, 2298. 

Tin organic compounds :— 

Tin tetraethyl, parachor of (GARNER 

and SuGDEN), 1301. 

Titanium, parachor of (GARNER and 

Sue@peEn), 1298. 

Titanium etrachloride, parachor of 

(GARNER and SuGpEN), 1302. 

0-Tolidine, molecular compound of mi’- 

dinitrobenzil and (Boon and Nisser), 

1902. 

Toluene, 5:2-diamino-, 2-acetyl deriv- 
ative, 3-bromo-2- and -4-nitro-, 4- 
bromo-2:6-dinitro-, 3-chloro-2- and 
-4-nitro-, and 3-iodo-4-nitro- (EL- 
soN, _GriBson, and JoHNsoN), 
2739. 

p-fluoro-, fluorescence spectrum of 

(RussELL and Stewart), 2435; 
(MonyPENY and RUSSELL), 2436. 

Toluenes, bromonitro- (Gipson and 

JOHNSON), 1243. 

p-Toluenesulphinie acid, esters, prepar- 

ation of (Hovussa, KENyon, and 

PHILurrs), 1707. 

p-Toluenesulphinic acid, 2-chloro-5. 

nitro- (DANN and Davis), 1052. 

Toluenesulphonhydrazides, chloro- 

nitro- (DANN and Davrgs), 1053. 

p-Toluenesulphonic acid, 2:4-dichloro- 
3-aminopheny] ester (GROvEs, TUR- 
NER, aud SHarp), 522. 
2:4-dichloropheny] ester and o-amino-, 
2:4-dichloro-5-aminophenyl ester 
and o-nitro-, 2:4-dichloro-5-nitro- 
phenyl ester (Groves, TURNER, 
and SHARP), 516. 
p-Toluenesulphon-o’p’-dinitroanilide 
(BELL), 2789. 
p-Toluenesulphonnitro-8-naphthalides 

(BELL), 2785. 

p-Toluenesulphondinitro-8-naphthal- 
ides (BELL), 2786. 

p-Toluenesulphony1-8-N N’-dimethy1-2- 
phenylnaphthalene-1:3-diamine, 
nitroso- (KENTISH), 1174. 

N-Teluenesulphonylethylenediamine 
(Moors, Boyz, and THorN), 50. 
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N-p-Toluenesulphonylpiperazine, and 
its additive compounds (Moore, 
30YLE, and THokn), 46. 

4-p-Toluenesulphonylpiperazine-1-carb- 
oxylic acid, ethyl ester (Moore, 
BoYLE, and THoRN), 46. 

1-p-Toluenesulphonylpiperidine, 
l-o-nitro- (Groves, TURNER, 
SHarp), 517. 
1-p-Toluidino-4-methoxythioxanthone 
(RoBERTs and SMILEs), 869. 
o-Toluoyldiphenyl-o-tolylmethane 
(Hatt), 1632. 
9.p-Toluoyl-10-hydroxyhexahydrocarb- 
azole, 1l-nitro- (PLANT and RUTHER- 
FORD), 1973. 
9-Toluoyltetrahydrocarbazoles, and 
nitro- (PLANT and RvuTHERFORD), 
1972. 
dl-N-o-Tolylalanineamide-5-arsinic 
acid, resolution of, and its derivatives 
(Gipson and Levin), 2759. 
dl-N-o-Tolylalanine-5-arsinic acid, and 
its esters (GrBSON and LEVIN), 2760. 

o- and p-Tolylarsenious oxides, 3-bromo- 
and 3 chloro- (G@1BsON and JOHNSON), 
777. 

Tolylarsinic acids, 3-bromo-, 3-chloro-, 
and 3-nitro- (GIBsoN and JoHNsoN), 
776. 

N-o-Tolylbenziminophenyl ether (GrB- 
son and Jounson), 2747. 

N-m-Tolylbenziminophenyl ether (G1n- 
son and JOHNsON), 1475. 

N-Tolylbenziminotolyl ethers (G1Bson 
and JOHNSON), 2747. 

o-Tolyld:bromoarsine, 3-nitro- (GIBSON 
and JOHNSON), 782. 

o-and p-Tolyldichloroarsines, 3-bromo-, 
8-chloro-, and 3-nitro- (GIBSON and 
JOHNSON), 776. 

p-Tolyldi-n- and -iso-amylphosphines, 
and their mereurichlorides (DAVIEs, 
PEARSE, and Jongs), 1266. 

p-Tolyldi-n-butylphosphine 
and JONES), 35. 

p-Tolyldizsobutylphosphine 
PEARSE, and JONEs), 1265. 
p-Tolyldi-(5-methylamyl)phosphine, and 
its derivatives (Davies, PEARSE, and 
JoNnEs), 1267. 
p-Tolyldi-(d/-8-methylbutyl)phosphine, 
and its mercurichloride (DAvIEs, 
PEARSE, and JONEs), 1266. 
p-Tolyldi-n-propylphosphine, 
mereurichloride (DAvIzEs, 
and JoNEs), 1264. 
p-Tolylmethyldi-n- and -iso-amylphos- 
phonium iodides (Davies, PEARSE, 
and JONES), 1266. 
p-Tolylmethyldi-n-butylphosphorium 
iodide (DAviEs and Jongs), 35. 


and 
and 


(DAVIES 


(DAVIES, 


and its 
PEARSE, 
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p-Tolylmethyldisobutylphosphonium 
iodide (Davies, Pearse, and JonEs), 
1265. 

p-Tolylmethyldi-(d/-8-methylbutyl)- 
phosphonium iodide (Davizs, PEARSE, 
and JONEs), 1267: 

p-Tolylmethyldi-n-propylphosphonium 
iodide (DAviEs, PearsE, and Jongs), 
1264. 

p-Tolylmethylsulphone, 2-chloro-5- 
nitro- (DANN and Davigs), 1053. 

p-Tolylnitroamine, 3-bromo- (BRAD- 
FIELD and Orton), 918. 

m-Tolyltellurium trichloride, 4-hydroxy- 
(MokrGAn and Burcsss), 2217. 

o-Tolyltolylamines (Ginson and JOHN- 
son), 2748. 

o-Tolyl-p-tolylearbinol (HatTT), 1631. 

Pe ear brom- 
ide (Davies, PEARsE, and JONEs), 
1265. 

Triacetyl methylrhamnoside, new form 
of (HaworrtH, Hirst, and MILLER), 
2469. 

Trialkylpropenylammonium derivatives, 
prototropy and anionotropy in 
(INGOLD and RotnsTEtn), 8. 

Tri-n- and -iso-amylphosphines, and their 
carbon disulphide derivatives (DAVIEs, 
PEARSE, and JONEs), 1265. 

Tribenzylarsine, ¢ri-p-nitro-, hydroxy- 
nitrate and oxide (CHALLENGER and 
Perers), 2619. 

1:2:3-Tribenzyloxybenzene, and 5-nitro- 
(BAKER, Nopzv, and Rosrnson), 77. 

Tribenzylphosphine oxide, tri-p-nitro- 
(CHALLENGER and PETERS), 2614. 

Tribenzylstibine dihydroxide and di- 
chloride (CHALLENGER and PETERS), 
2620. 

Tri-n-butylphosphine, and its derivatives 
(DaAvIEs and JoNnEs), 34. 

Triisobutylphosphine, and its mercuri- 
chloride (Davies, PEARSE, and 
JONES), 1265. 

Tricetyl phosphate 
Burch), 282. 

Tricholesteryl phosphate (PLIMMER and 
BurcB), 283. 

Tricosanic acid, heat of crystallisation 
of (GARNER and Krne@), 1860. 

Triethyl phosphate, tri-8-chloro- (PLIM- 
MER and Burcn), 284. 

Triethylamine, 88’8’’-triamino-, cobaltic 
derivatives of (MANN), 409. 

Triethyl-y-chloroallylammonium 
(INGOLD and RorHsTEtIn), 12. 

Triethylethoxyaldehydomethylam- 
monium picrate (INcoLD and Roru- 
STEIN), 14. 

Triethyl-a-ethoxyallylammonium 
picrate (INcoLD and RorusTEtN), 12. 


(PLIMMER and 


salts 
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Triethylhydroxyaldehydomethylam- 
monium picrate (INcoLD and Roru- 
STEIN), 14. 

Triethyl-a-hydroxyallylammonium salts 
(INcoxtp and Rorusre1y), 13. 

Triethyl-n-propylphosphonium _hydr- 
oxide, and its salts (FxeNTon and In- 
GOLD), 2351. 

Triglycerides, rate of saponification of, 
by alkalis (McBain, Humpureys, 
and KAWAKAMI), 2185. 

Trigonelline ¢efrachloroiodide (CHatrt- 
AWAY and Parxgs), 1316. 

w-3:6-Trimethoxyacetophenone, 2:4-di- 
hydroxy- (BAKER, Nopzu, and Ros- 
INSON), 79. 

3:4:5-Trimethoxyaporphine, attempted 
synthesis of (CALLOW, GULLAND, and 

WORTH), 1444, 
3:4-Trimethoxybenzoic anhydride, pre- 
paration of (Heap and Rosinson), 69. 
2’:4’:6-Trimethoxyflavylium chloride 
and ferrichloride (CULLINANE and 
PHILPoTT), 1765. 
3:4:5-Trimethoxyphenylacetic acid, 
amide and nitrile of (BAKER and Ros- 
INsON), 157. 

2:4:6-Trimethoxyphenyl 2-hydroxy- 
styryl ketone (CULLINANE and PaIL- 
POTT), 1765. 

3:4:5-Trimethoxyphenyl pyruvic 
(Baker and Kosinson), 157. 

3:4:5-Trimethoxytetraphenylmethane 
(Harpy), 1005. 
2:3:4-Trimethoxythioxanthone, and its 
salts (RoBERTS and SMIuEs), 872. 
2:3:6-Trimethylanthracene (MorcAN 
aud Counson), 2551. 
2:3:6-Trimethylanthraquinone 
GAN and Coutson), 2555. 
2:3:6-Trimethyl-9-anthrone 
and Coutson), 2554. 
2:4:4’-Trimethylbenzophenone, and its 
oxime (MorGAN and CouLson), 2209. 
2:5:4’-Trimethy benzophenone (MorcAaNn 
and Cov.son), 2211. 
3:4:3’-Trimethylbenzophenone-6’-carb- 
oxylic acid (MorGan and Covtsoy), 
2558 


4-Trimethy1-2:6-bisdichloromethylene- 
cyclo-1:3:5-oxadithia-2:4:6-trimethyl- 
ene, 4-chloro-w-4-trichloro- (CHATT- 
Away and KELLET"), 2916. 

Tri-(@/-8-methylbutyl)phosphine 
(Davigs, PEARSE, and Jongs), 1266. 

Trimethyl-y-chloroallylammonium salts 
(INGOLD and Rorusr«1n), 12. 

2:2’:8-Trimethy]-5:6:5’:6’-dibenzthio- 
carbocyanine iodide (HAmER), 2606. 

2:3:5-Trimethyl-1:2-dihydrobenzthi- 
azole, l-imino-, and its derivatives 
(Hunter and Pripe), 945. 


acid, 


(Mor- 


(MorcaN 
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Trimethy1-5:10-dihydrophenarsazines, 
10-chloro- (GissoN and JOHNsoy), 
2753. 

Trimethylene ¢risulphide, mono-, di-, 
oon tri-oxides of (BeLL and Bennet‘), 
17. 

Trimethylethoxyaldehydomethylam- 
monium picrate (INGoLD and Rorn- 
STEIN), 14. 

Trimethy]-a-ethoxyallylammonium 
picrate (INcoLD and Rorusrety), 
13. 

Trimethylethylphosphonium hydroxide, 
and its salts (FENTON and INGoLp), 
2350. 

3:5:6-Trimethylglucose, constitution of 
(ANDERSON, CHARLTON, and Haw- 
ORTH), 1329. 

Trim — glycogen (HaworrtH, Hirst, 
and WEBs), 2484. 

3:7:11-Trimethyl-15-hexadecanone, and 
its semicarbazone (HEILBRON and 
THOMPsoN), 889. 

Trimethylhydroxyaldehydomethylam- 
monium picrate (INcoLD and Rorn- 


STEIN), 14. 
Trimethyl-a-hydroxyallylammonium 
RorustTeEiy), 13. 


salts (INGOLD an 

1-3:4:6-Trimethyl 5-mannonolactone 
(Haworrs and Peat), 356. 

2:3:4-Trimethyl 8-methylrhamnoside 
(Haworth, Hirst, and MILLER), 
2476. 

2:6:10-Trimethyl-14-pentadecanone 
(HEILBRON and THomMpPsoN), 890. 

2:4:7-Trimethylphenarsazinic acid 
hydrochloride (Gipson and JOHNSON), 
2753. 

Trimethylphosphonium ¢richloroacetate, 
hydroxy- (Fenton and _ INGoLD), 
2349. 

l-Trimethyl rhamnonic acid, 
hydrazide of (AVERY and 
2467. 

2:3:4-Trimethyl rhamnonolactone 
(Avery and Hirst), 2466. 

Trimethyltelluronium bromide (DREw), 
567. 

3:7:11-Trimethyltetradecoic acid (HEI1- 
BRON and THoMpsoN), 891. 

Tri-5-methyltriphenyltelluronium salts, 
tri-2-hydroxy- (MorGAN and Burc- 
Ess), 2216, 

Af3-Trimethylvalerolactone (QuDRAT- 
1-KuupDA), 208. 

2:3:4-Trimethyl-5-xylonie acid, pheny!- 
hydrazide of (HAworTH and Lone), 
349. 

Trimethyl-y- and -3-xylonolactones, 
conversion of, into the corresponding 
lyxonolactones (HAworTH and Lone), 
345. 


henyl- 
IRST), 
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Triphenoxychlorosilicane (THOMPSON 
and Kipprne), 1177. 

Triphenylbenzylphosphonium bromide 
(Fenton and INGOLD), 2353. 

Triphenylmethoxyphosphorus dichlor- 
ide, conversion of, into triphenyl- 
methylphosphinic acid (Hatt), 2412. 

Triphenylmethylchlorophosphinic acid, 
and its salts and ethyl ester (Hatt), 
2418. 

4-Triphenylmethyl-1-naphthol(Harpy), 
1006. 

1-Triphenylmethy1-2-naphthol(HArpy), 
1006 


Triphenylmethylphosphinic acid, for- 
mation of, from triphenylmethoxy- 
phosphorus dichloride, and its deriv- 
atives (HaTT), 2412. 

Triphenylsilicane 
MuRRAY), 364. 

Tri-n-propyl-n-butylphosphonium hydr- 
oxide, and its salts (FENTON and 
INGOLD), 2351. 

Tri-n-propyl-n-octylphosphonium hydr- 
oxide, and its salts (FENTON and 
INGOLD), 2352. 

Tri-n-propylphosphine, and its deriv- 
atives (DAVIES, PEARSE, and JoNngs), 
1264. 

2:4:6-Trisdichloromethylenecyclo-1:3:5- 
oxadithia-2:4:6-trimethylene (CHATT- 
AWAY and KELLETT), 2914. 

2:4:6-Trisd7chloromethylene-1:3:5-tri- 
thian (CHATTAWAY and KELLETT), 
2914. 

2:4:6-Tris¢richloromethylcyc/o-1:3:5-oxa- 
dithia-2:4:6-trimethylene, 4-chloro- 
and 2:4:6-trichloro- (CHATTAWAY and 
KELLETT), 2915. 

2:4:6-Tristrichloromethy1-1:3:5-trithian, 
2:4:6-trichloro- (CHATTAWAY and 
KELLETT), 2915. 

Trithioacetaldehydes, isomeric (BELL, 
BENNETT, and MANN), 1462. 

Tri-p-tolylsilicol (STEELE and Kipprnc), 
357. 

Tri-p-tolylsilicyl chloride and oxide 
(STEELE and Kippine), 357. 

Trypanocidal activity and chemical 
constitution (EvEREtT), 670. 
“Tryparsamide,” compounds of the 
type of (GrBson, JOHNSON, and 
Levin), 479; (Gipson and “LEVIN), 

759 


(KiprIne and 


Tungsten, electro-deposition of, at a 
mercury cathode (Jackson, Rvus- 
SELL, and MERRILL), 2394. 

oxidation of (Dunn), 1149. 
Tungstic oxide, complexity of (Dunn), 
1149. 
Turpentine, Indian, from Pinus longi- 
folia (G1BsoN and SIMONSEN), 305. 
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v. 


Unsaturated compounds, catalytic hydro- 
genation of (LEBEDEV and YAKuB- 
OHIK), 220. 

conjugated, modes of addition to 
(BurToN and Ingoxp), 2022. 


V. 


bad (Lowry and GILBERT), 2076, 

2867. 

Vapours, saturated, effect of a gas on 
pressure of (SayceE and Briscog), 
1302. 

Vapour pressure, determination of 
(Smits and Swarr), 2724. 

Vapour tension. Sce Vapour pressure. 

Velocity of reaction, influence of the 

polarity of solvents on (KERR), 
239. 

effect of cohesion of the medium on 
(RicHARDSON and Soper), 1873. 

Veratraldehyde benzoylhydrazone (Ac- 
GARWAL, DARBARI, and RAy), 1942. 

Veratric acid, 2-amino- (GULLAND, 
Ropinson, Scott, and THORNLEY), 
2933. 

Veratrole, 3:5-diamino- (BAKER and 
Rosprnson), 156. 

8-Veratrylethylamine, preparation of 
(CaILD and Pyman), 2013. 

N-8-Veratrylethylsuccinimide 
and PymMAn), 2015. 

Vinylacrylic acid, preparation of, and 
its reduction (BurToN and INGoLpD), 
2028. 

Vinyldiacetoneamine, action of aromatic 
acid chlorides on {GRAYMORE), 587. 
Volume, molecular, at absolute zero 

(SuepEN), 1055. 


(CHILD 


Ww. 


Walden inversion (R6RDAM), 1282. 

Waxes, rate of saponification of, by 
alkalis (McBain, HumpHReys, and 
KAWAKAMI), 2185. 


x. 


Xantha-8-naphthaspiropyran (IRVING), 
1094, 

Xanthone, 1:7-d:hydroxy-, 7-acetyl 
derivative, and its derivatives 
(RoBERTSON and WATERS), 2242. 

thio-. See Thioxanthone. 

Xylan, constitution of (Hampron, 

Haworth, and Hirst), 1739. 
m-Xyleneazo-3:6-disulpho-8-naphthyl 

sodium sulphite (Krn@), 608. 
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s-m-Xylylmethylthiocarbamide (HuN- | Zine chloride, additive compounds of, 
TER and PRIDE), 945. with hexamethylenetetramine(Dury 
and Bits), 417. 
Zz chromate (Briggs), 242. 
? Zirconium chromate (Brigas), 242. 
Zine alcoholate (Gisson, Driscoit, and Zymosterol, isolation of (HEILBRON and 
JONES), 1443. Sexton), 2255. 













ads of, 
(Durr 





FORMULA INDEX. 


Tue following index of organic compounds of known empirical formula is arranged 
according to Richter’s system (see Lexikon der Kohlenstoff-Verbindwngen). 

The elements are given in the order C, H, O, N, Ol, Br, I, F, 8, P, and the 
remainder alphabetically. 

The compounds are arranged— 

Firstly, in groups according to the number of carbon atoms (thus C, group, 
C, group, ete. ). 

Secondly, according to the number of other elements besides carlfon contained in 
the molecule (thus 5 IV indicates that the molecule contains five carbon atoms and 
four other elements). 

Thirdly, according to the nature of the elements present in the molecule (given in 
the above order). 

Fourthly, according to the number of atoms of each single element (except carbon) 
present in the molecule. 


2. 
IN and 


















Salts are placed with the compounds from which they are derived. The chlorides, 
bromides, iodides, and cyanides of quaternary ammonium bases, however, are registered 
as group-substances, 





C, Group. 

CH, Methane, decomposition of (JonxEs), 419 ; thermal decomposition of (HOLLIDAY 
and Exg.1), 1066. 

CO Carbon monoxide, infra-red emission spectra of, in nitrous oxide (BAILEY and 
Lrg), 54; effect of addition of hydrogen and water to radiation emitted by 
(GARNER and Rorrgy), 1123 ; decomposition of, in the electric discharge (LUNT 
and Mumrorp), 1711; (Orr), 2422. 

CBr, Carbon tetrabromide, interaction of, with selenium and sulphur (Briscoz, 
PrEL, and Row.anps), 1766. 

1 II 


CHN Hydrocyanic acid, potassium salt, action of, on chloroaldehydes (CHATTAWAY 
and Irvine), 1038. 
CH,O Methyl alcohol, compounds of, with metallic salts (G1Bson, DriscoLy, and 


JONES), 1443. 
CSSe Carbon sulphidoselenide (Briscoz, PEt, and Rosrnson), 56; reactions of 
halogens with (Briscoz, Peet, and Roprnson), 1048. 
1 Ill 
CHNS Thiocyanic acid, metallic salts, complex salts of, with triaminopropane 
(Mann), 656 ; sodium salt, solubility of (HuGHEs and Mrap), 2282. 
CH,Br,Te Methyltelluronium tribromide (DREW), 567. 
CH,I;Te Methyltelluronium tri-iodide (DREW), 566. 
CH,ON, Carbamide, equilibrium of ammonium nitrate and (HowEtts), 910. 
11IV 
CH,ON,Cl Semicarbazide hydrochloride, action of, on aldoximes and their deriv- 
atives (BRADY and Peakrn), 478, 


C, Group. 
C,H, Acetylene, thermal decomposition and polymerisation of (HacuE and 
WHEELER), 391. 
C,H, Ethylene, thermal decomposition and polymerisation of (HacuE and 
WHEELER), 390. 
3041 
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2 II 
C,H,0, Oxalic acid, catalysis in dissociation of (Dawson, Hoskins, and Smrru), 
1884; cobalt oxy-salts (PercivaL and WarpLAw), 2628; complex molyb. 
denum salts (SrirrLE and WARDLAW), 792; complex sodium copper salt 
(RiLEy), 1309, 
C,H,O Acetaldehyde, emission of light from phosphorescent flames of (EMEL*us), 
1733. 


C,H,O, Acetic acid, and its lead salt, equilibrium of lead chloride, water, and 
(SANDVED), 337. 

C,H,O Ethyl alcohol, photochemical oxidation of, by potassium dichromate 
(BowEN and YARNOLD), 1648. 

C,H,N Dimethylamine, action of nitrous acid on (TAYLOR and Price), 2052. 

C,H,O, 7-Thréose, formation of (DEvLOFEU), 2458. 


2 Ill 
C,H,CLS Trichloroethyl sulphur chloride (Puttures, DAvies, and Mumrorp), 
548. 


C,H,OBr Acetyl bromide, reaction of ethyl ether, naphthol, and (Basserr and 
TAYLOR), 1568. 

C,H,0,Cl Chloroacetic acid as catalyst in hydrolysis of ethyl acetate (DAWson and 
Lowson), 393. 

C,H,0O,N Glycine, synthesis of (ANsLow and Kine), 2463. 

C,H,O,P Ethyl metaphosphate, action of, on alcohols, ammonia, and amino- 
compounds (PLIMMER and Burca), 292. - 

C,H,Tel, Ethyltelluronium tri-iodide (Lowry and GILBERT), 2089. 

C,H,0,Te, Methyl hydroxytellurium oxide anhydride (Drew), 566. 

C,H,0,.P B-Hydroxyethyl dihydrogen phosphate, enzymic synthesis of (Kay), 

24. 


C,H,0,Te «-Dimethyltelluronium hydroxide, salts of (Lowry and GuiLBERr), 
2082. 


2 IV 
C,H,ONS Thiolacetamide as reagent for arsinic acids (BARBER), 1024. 
C,H,0,PBa Barium ethyl phosphate (PLimmer and Burcn), 294. 
C,H,0,PNa, Disodium 8-hydroxyethyl phosphate (PLimmeER and Burcu), 286. 
C,H,,0,N,P Diammonium ethyl phosphate (PLImMmER and Burcn), 297. 

2V 
C,H,0,CIPBa Barium chloroethy] phosphate (PLimmER and Burcu), 285. 


C; Group. 
C,0, Malonic anhydride, production of (Lunt and Mumrorp), 1720. 


3 Il 
C,;H,0, Pyruvic acid, action of bromine on (HuGHEs and Watson), 1946. 
C,;H,0, Malonic acid, metallic salts, electrolytic dissociation of (Rmzy and 
FisHER), 2006 ; potassium cobalt oxy-salt (PERCIVAL and WARDLAW), 2631; 
complex sodium copper salt (RILEy), 1310. 
C,H,O Acetone, equilibrium of n-butyl alcohol, water, and (JonEs), 799 ; condens- 
ation of fluorene with (MAITLAND and TucKER), 2559. 
Propaldehyde, emission of light from phosphorescent flames of (EmELkvus), 1733. 
C,;H,0, di-Glyceraldehyde, methylation of (REEvEs), 1327. 
C;H,0 Methyl ethyl ether, decomposition of (GLAss and HINsHELWooD), 1806. 
C,H,N x-Propylamine, action of nitrous acid on (TAYLOR and Price), 2052. 
CoHiNs afy-Triaminopropane, complex salts of, with metallic halides (MANy), 
656. 
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8 Ill 
C,H,ON, Cyanoacetamide, condensation of 8-diketones with (BARDHAN), 2226. 
(,H,OS; Trimethylene trisulphide oxide (BELL and BENNETT), 17. 
(;H,0,S; Trimethylene trisulphide dioxides (BELL and Bennett), 18. 
(,H,O3S; Trimethylene trisulphoxides (BELL and BENNETT), 19. 
C;H,0,S Propanesulphinic acids, silver salts (FENTON and INGoup), 2341. 
(;H,BrTe Trimethyltelluronium bromide (Drew), 567. 


3IV 
(,H,0,PBa Barium propyl phosphate (Piimmer and Burcn), 295. 


C, Group. 
C,H,O, Fumaric acid, adsorption of, by charcoal (PHELPs), 1724. 
Maleic acid, adsorption of, by charcoal (PHELPs), 1724. 
CH.0s Acetic anhydride, interaction of bromine with (Watson and GrReEGoRyY), 
1373. 


C,H,O, J-Malic acid, formation of, from fumaric acid (CHALLENGER and KLEIN), 
1644. 
C,H,O, Tartaric acid, methylamine salts (Reap, Steere, and CARTER), 27 ; 


structure and rotation of compounds of boric acid with (BuRGEss and HUNTER), 
2838 
606 


" Dihydroxytartaric acid, action of o-phenylenediamines on (CHATTAWAY 
and HumPHREY), 645. 


C,H,O0, Butyric acid, density of mixtures of water and (GriInDLEY and Bury), 
679. 


C,H 


Ethyl acetate, catalytic hydrolysis of (DAwson and Lowson), 393. 
C,H,O, Erythrose, oxidation of (DEULoFEU and SELVA), 227. 
C,H,N, 5-Amino-3-ethyl-1:2:4-triazole, and its nitrate (REILLY and MADDEN), 
816 


C,H,Se cycloSelenobutane (MorGAN and BursTALL), 1099. 

C,H,Se, cycloTetramethylene diselenide (MorGan and BursTALt), 1102. 

C,H,,0 -Butyl alcohol, equilibria of, with water and with acetone and water 
(JONES), 799. 

Ethyl ether, emission of light from phosphorescent flames of (EmEL&us), 1733 ; 
viscosity of, at low temperatures (VAN AUBEL), 1111; effect of carbon dioxide 
on vapour pressure of (SAycE and Briscogk), 1303 ; effect of, on esterification 
by hydrochloric acid (MrrcHELL and PaRTINGTON), 1562; autoxidation of 
(KinG), 738 ; reaction of acetyl bromide, naphthol, and (BassEtr and TAYLOR), 
1568. 

Methyl propyl ether, decomposition of (GLAss and HINSHELWoOoD), 1809, 

4 III 
C,H,I,Se Di-iodoselenophen (Briscoz, Pegt, and Youne), 2692. 
C,H,C1,S a8-Dichloroethyl a6f-trichlorovinyl sulphide (Paitiirs, Davies, and 
Mumrorp), 546. 

a88-Trichloroethy] a8-dichlorovinyl sulphide (PHILLIPs, DAviEs, and MuMFOoRD), 

546. 


C,H,Cl,S Heptachlorodiethyl sulphides (Parties, Davies, and Mumrorp), 546. 

C,H,0,Cl, Acetic chloroacetic anhydride (WATSON and Grecory), 1373. 

C,H,C1,S 8-Dichloroethyl a8-dichlorovinyl sulphide (PuILLirs, Davizs, and 
Mumrorp), 545. 

aaB-Trichloroethyl 8-chlorovinyl sulphide (PH1LLIps, Davigs, and Mumrorp), 

544. 

C,H,C1,S Hexachlorodiethyl sulphides (Pumiips, Davies, and MumForp), 545. 

C,H,N,Te a-Dimethyltelluronium dicyanide (Lowry and GILBERT), 2082. 
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C,H,ON, Creatinine, red picrate of (ANsLow and Krne), 1210. 
C,H,0C], Dichloromethoxypropanes (FAIRBOURNE), 2234. 
C,H,C1,S 88’-Dichlorodiethyl sulphide, chlorination of (PH1LLIps, DAvigs, and 


Mumrorp), 535. 
C,H,Cl,Se cycloSelenibutane 1:1-dichloride (MoRGAN and BursTALL), 1100. 


C,H,Br,Se cycloSelenibutane 1:1-dibromide (MorGAN and Bursta.), 1100. 

C,H,Br,Se cycloSelenibutane perbromide (MorGAN and BursTA.t), 1100. 

C,H,I,Se cycloSelenibutane 1:1-di-iodide (MorGAN and BurRsTALL), 1100. 

C,H,0,N Ethyl glycine, action of nitrous acid on (TayLor and Price), 2052. 

C,H,,0,N, , atlas and its hydrochloride (Moorr, Boye, and 
HORN), 

CHOP Tetramethylphosphonium hydroxide, and its salts (FENTON and INcoxp), 


41V 
C,H,Cl,SeHg, Dichloromercuriselenophen (Briscor, PEEL, and Youn), 2592. 
C,H,0,SeHg, Dihydroxymercuriselenophen (Briscor, PEEL, and Youne), 2592, 
C,H,0,S,Hg, Dihydroxymercurithiophen mercurisulphate (Briscoz, PEEL, and 
Youne), 2591. 
C.H.N,Cl,Au 5-Diazo-8-ethyl-1:2:4-triazole chloroaurate (REILLY and Mappen), 


C,H,OBrSe cycloSelenibutane 1-hydroxy-l-bromide (Morcan and BurstA.1), 
1100. 


C,H,.0,.N,Se, 5-Tetramethylenediseleninic acid dinitrate (MorGAN and Bur- 
STALL), 1102. 
C,H,,0,NP Diethyl ammonium phosphate (PLimmzrR and Buron), 297. 
4V 
C,H,0,SSeHg, Spanning mercurisulphate (BRISCOE, PEEL, 
and Youne), 2592. 


C; Group. 


C,H,, Amylene, pressure-temperature curves of mixtures of oxygen with (LEwIs), 
C,H,, Pentane, effect of carbon dioxide on vapour pressure of (Saycz and Briscoz), 
1308. 


5 Il 
C,H,Br, 1:2-Dibromo-A*-cyclopentene (FARMER and Scort), 177. 
C,H,0, Levulic acid, action of bromine on (HucHEs and Watson), 1950. 
C;H,0, Glutaric acid, catalytic and thermal decomposition of (VocEL), 726. 
C,H,,0, 7-Arabinose, degradation of (Devtorgvu and SELvA), 225. 
C,H,,Se cycloSelenopentane (MorcaANn and BUrsTA.L), 2199. 
C;H,Se, cycloPentamethylene diselenide (Morgan and BursraLt), 2202. 
CoHyN Piperidine, action of, on diary] ethers (Groves, TURNER, and SHARP), 


5 Ill 
C,;H,0,Cl, Allyl dichloroacetate (CHaTTAWay and IRviING), 1042. 
C,H,OS Penthian-4-one (BENNETT and WappINeTOoN), 2829. 
C;H,0,Cl, -Propyl dichloroacetate (CHaTTAWay and Irvine), 1042. 
C;H,0,S Sulphone, from penthianone (BENNETT and WADDINGTON), 2830. 
C;Hi,Cl,Se cycloSelenipentane 1:1-dichloride (MorcAN and BursTatt), 2200. 
C;H,.Br,Se cycloSelenipentane 1:1-dibromide (Morcan and BursTALt), 2200. 
C;H,oBr,Se cycloSelenipentane perbromide (MorcAN and BurstTa.1), 2200. 
CsHiel,Se cycloSelenipentane 1:1-di-iedide (Mor@AN and BursTat), 2200 
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CHn0sN aan id vie enemies picrate of (Incotp and Roru- 

STEIN), 14. 

(;H,,ISe cycloSelenibutane 1-methiodide (MorGAN and BurstTALt), 1101. 

C,Hi,0.N, Carbethoxyethylenediamine (Moorkr, Boyir, and Tory), 50. 

(,H,,028 Ethyl-n-propylsulphone (FEnToN and INGoxp), 2340. 
isoPentanesulphinic acid, silver salt (FENTON and INGOLD), 2341. 

(,H,0P Trimethylethylphosphonium hydroxide, and its salts (FENTON and 

INGOLD), 2350. 


5 IV 
(,H,ONC], Butyl chloral cyanohydrin (CuaTraway and Irvine), 1044. 
(,H,,.0;C],P Hydroxytrimethylphosphonium trichloroacetate (FzNTON and IN- 
GOLD), 2349. 
(,H;,Cl,SeAg cycloSelenopentane mercurichloride (MorGAN and BURSTALL), 
2200. 


(;H,,Cl,SePt cycloSelenipentane chloroplatinate (MorGAN and BursrA.t), 2201. 
(,;H,,0CISe cycloSelenipentane hydroxychloride (MorGAN and BuksTALL), 2201. 


5V 
C,H,ONBr,Mo Pyridinium molybdeny] tetrabromide (ANGELL, JamEs, and 
WARDLAW), 2583. 


Cz Group. 


C,H, Benzene, effect of drying on physical properties of (BRiscoz, PEEL, and 
RoBiInson), 368; effect of an electric field on boiling point of (Smirx), 788. 
Hexane, emission of light from phosphorescent flames of (EMELKUS), 1733; effect 
of drying on (Smits, Swart, and Bruty), 2712. 


6 Il 
C,H,F Fluorobenzene, fluorescence spectrum of (RUSSELL and STEWART), 2434 ; 
(MonyPENy and RUSSELL), 2436. 
C,H,0, Kojic acid, production of, from pentoses (CHALLENGER, KLEIN, and 
WALKER), 1498. 
(,C1,S, 2:4:6-Trisdichloromethylene-1:3:5-trithian (CHaATTAWAY and KELLETT), 
2914. 


C,H,Br, 1:2-Dibromo-A*-cyclohexene (FARMER and Scort), 175. 
C,H,N 8-Methyl-A8-pentenonitrile (KANDIAH and LINsTEAD), 2151. 
C,H,,0, -Hexenoic acids (Eccorr and Linstgap), 2153. 
C,H,,0, Adipic acid, catalytic and thermal decomposition of (VoGEL), 727. 
C,H,,0, Glycogen, properties of (Haworrta, Hirst, and Wxss), 2479. 
C,H,,N, Penta-aminobenzene (FLtrscuEmm and Hoimss), 336. 
C,H,,0, Diacetone alcohol, action of magnesium 9-fluorenyl bromide on (MAITLAND 
and TucKER), 2559. 
C,H,,0, Fructose, compound of, with lime (MACKENZIE and QuIN), 961. 
Galactose, modifications of (R1mBER, MINsAAs, and Lycus), 21738. 
Glucose, compound of, with lime (MACKENZIE and Quin), 960. 
C.H,,N, 5-Amino-3-isobutyl-1:2:4-triazole, and its nitrate (REILLY and MADDEN), 
816. 


Hexamethylenetetramine, compounds of metallic chlorides with (DuFF and Br11s), 
411, 


C,H,,N, Hexa-2minobenzene, and its salts (FLiirscnerm and Hoimss), 330. 
C.H,.S, Trithioacetaldehydes, isomeric (BELL, BENNETT, and Mann), 1462. 
C,Cl,,S, 2:4:6-Trichloro-2:4:6-tristrichloromethyl-1:3:5-trithian (CHATTAWAY and 
KELLETT), 2915. 
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C,H,,0 Diisopropyl ether, decomposition of (GLAss and HinsHELWoop), 1810, 
1815. 


C,H,,0, Mannitol, rotation dispersion of (PArTERsoNn and Topp), 2876. 
C,H,,.N, N-Ethylpiperazine, and its salts (Moorz, Boyz, and Torn), 47. 
C,H,,N, 88’8”-Triaminotriethylamine, complex cobalt salts (MANN), 409. 


6 Ill 


C,H,0CI1, 2:3:4-Trichlorophenol (Groves, TuRNER, and SHaxp), 522. 

C,H,0,N, Picric acid, pyridinocupric salts (Kine), 2596. 

C,H,0,,Fe Ferrioxalic acid, potassium salt, photolysis of solutions of (ALLMANp 
and Wess), 1518. 

C,H,;C1,S, Trithioparachloral (CHarraway and KELueEtr), 2914. 

C,H,NCl, 2:3:5-Trichloroaniline (Hopeson and Kersuaw), 2921. 

C,H,N,Fe Hydroferrocyanic acid, sodium salt, solubility of, in water (Frizyp, 
TOWNLEY, and VALLANCE), 2326. 

C,.H,OF m-Fluorophenol, Reimer-Tiemann reaction with (Hopeson and Nixon), 
1632. 

C,H;0,N Nitrophenols, solubilities of, in methyl alcohol solutions (Durr), 2789. 

C,H;Cl,As Phenyldichloroarsine, parachor of (HENLEY and SuepEN), 1062. 

C,H,Cl,Si Phenylsilicon trichloride (K1rrinc, Murray, and MAttsy), 1184. 

C,H,BrMg Magnesium phenyl bromide, reaction between phenyl glycide and 
(Boyp and VINEALL), 1622. 

C,H,BrSe Phenyl selenium bromide, parachor of (HENLEY and SuapEN), 1063. 

C,H,0,Se Phenylseleninic acid, parachor of (HENLEY and SuepEN), 1064. 

C,H,0,N cycloButane-1:2-dicarboxylimide (MzNon and StmonsEn), 304. 

C,H,N.Se, Tetramethylene selenocyanate (MorGAN and BursTALt), 1101. 

C,H,C1,S, 8-(8-Chloroethyl-thiol)ethyl trichlorovinyl sulphide (PHtLurps, Davis, 
and MumForD), 544. 

C,H,ON 2-Aminomethyleyclobutane-l-carboxyl-lactam (MENON and SimonseEy), 
305. 


C,H,,0,Br, 1:2-Dibromo-3:4-dihydroxycyclohexane (FAnMER and Scorr), 176. 

C,H,,0;S Penthianolcarboxylic acid (Bennett and WAppINeToN), 2881. 

C.H,,0,S Penthian-4-ol-4-carboxylic acid oxides (BENNETT and WappINcTOoy), 
2836. 

C,H,,0,S Sulphone, from penthianolearboxylic acid (BENNETT and WADDINGTON), 
2831. 


C,H,,0,Cl 3-Chlorobutyl acetate (BENNETT and Heatxcoar), 272. 

C,H,,0,N, Piperazinoacetic acid, and its hydrochloride (Moors, Boyur, and 
Tuorx), “8. : 

C,H,,NOCl Trimethyl-y-chloroallylamine, picrate of (INcoLD and RotusTEIn), 12. 

CoH, ,CIS e-Chloroamyl methyl sulphide (Bennetr, Hearucoat, and Mosszs), 
2571. 


3-Chlorobutyl ethyl sulphide (BznneTr, HeaTHooat, and Mossss), 2570. 
y-Chlorodipropyl sulphide (BENNxTT, HEaTacoaT, and Mossks), 2571. 
C,H,;NCl, Trimethyl-y-chloroallylammonium chloride (INcoLp and Rorusts£iy), 
12. 


C,H,;ISe cycloSelenipentane 1-methiodide (MorGAN and BursTALt), 2201. 
C,H,,ON, N-8-Hydroxyethylpiperazine, and its salts (Moork, Boyzz, and 
Torn), 47. 
C.H,,OS Ethyl 3-hydroxybutyl sulphide (Bennetr and Hzarucoat), 272. 
y-Hydroxydipropyl sulphide (BenNETr and Hzarucoat), 271. 
Methyl e-hydroxyamy] sulphide (BENNETT and HEaTHcoAT), 274. 
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C,H,,0S Pentamethylenemethylsulphonium hydroxide, salts of (BENNETT, 

HEATHCOAT, and Mosssgs), 2571. 
Tetramethylene-ethylsulphonium hydroxide, salts of (BENNETT, HEATHCOAT, and 

Moss&s), 2571. 

C,0C1,S; 2:4:6-Trisdichloromethylenecyclo-1:3:5-oxadithia-2:4:6-trimethylene 
(CHaTraway and KELLETrT), 2914. 

C,0CI,S, 4-Chloro-4-trichloromethyl-2:6-bisdichloromethylenecyclo-1:3:5-oxadithia- 
2:4:6-trimethylene (CHATTAWAY and KELLETT), 2916. 

C,0Cl,.8,  2:4:6-Trichloro-2:4:6-tristrichloromethylcyclo-1:3:5-oxadithia-2:4:6-tri- 
methylenes (CHATTAWAY and KELLETT), 2915. 

6IV 

C,H,0C1,S, 2:6-Bistrichloromethy]-4-dichloromethy'enecyclo-1:3:5-oxadithia- 
2:4:6-trimethylenes (CHaTTAWAY and KELLETT), 2914. 

C,H,0C1,0S, 4-Chloro-2:4:6-tristrichloromethy]cyclo-1:3:5-oxadithia-2:4:6-tri- 
methylenes (CHATTAWAY and KELLETT), 2915. 

(,H,O,NCl, 2:3:5-Trichloronitrobenzene (Hopcson and KErsHAw), 2920. 

C,H,O,NBr; 3:4:6-Tribromo-2-nitrophenol (Hopson and Nixon), 2424. 

C,H,0,N.Cl m-Dichlorodinitrobenzenes (Dann), 2460. 

C,H,OC1,S, Dithioparachlorals (CHaTraway and KELLetr), 2914. 

C,H,0,N.Cl, 2:3:6-Trichloro-4-nitroaniline (Hopcson and KersHaw), 2920. 

C,H,;0,;NCl, Dichloronitrophenols (Groves, TuRNER, and SHARP), 517 ; (Hopcson 
and KErsHAW), 2922. 

CoHs041,8 3:5-Di-iodo-4-hydroxybenzenesulphonic acid, lead salt (Dickinson), 
358. 


C,H,OBrF 3-Fluoro-2-bromophenol (Hopeson and Nrxon), 1637. 

(,H,0O,N,Br, 2:4-Dibromophenylnitroamine (BRADFIELD and Orton), 918. 

(,H,0C1,Si Phenoxytrichlorosilicane (THompson and Kipprne), 1177. 

C,H,0.N.Br -Nitrophenylbromoacetonitrile (BAKER and INGoLD), 446. 

C,H,0,PBa Barium phenyl phosphate (PLIMMER and Burca), 296. 

C,H,O,BrAs 3-Bromophenylarsinic acid (BARBER), 2337. 

C,H,O;IAs Iodophenylarsinic acids (BARBER), 2336. 

C,H,O,BrAs 3-Bromo-4-hydroxyphenylarsinic acid (HAYTHORNTHWAITE), 1013. 

C,H,0,NS Hydrogen p-aminophenyl sulphate (BURKHARDT and Woop), 146. 

C,H,0,N,S 0-Nitrobenzenesulphonhydrazide (DANN and Davrgs), 1054. 

C,H,O,N,Cl 2:4-Dinitrophenylhydrazine hydrochloride, action of, on aldoximes 
and their derivatives (BRADY and PgaxkIN), 478. 

C.H,0,N.As 4-Nitro-3-aminophenylarsinic acid (PaILLIPs), 2827. 

C,H,ONS Penthianone cyanohydrin (BENNETT and WADDINGTON), 2831. 

C.H,,0,C],P Tri-8-chloroethy! phosphate (PLImMER and Burcn), 284. 

C,H,,0,P,Ba Barium dipropyl pyrophosphate (PLImMER and Burcn), 295. 


6V 
C,H,O,NSK Potassium nitrophenyl sulphates (BURKHARDT and Woop), 144. 
C,H;0;NBrAs Bromonitrophenylarsinic acids (BARBER), 2335. 
C.,H,0,NIAs Iodonitrophenylarsinic acids (BARBER), 2336. 
C.H,O,NCLI Nicotinic acid tetrachloroiodide (CHATTAWAY and ParKEs), 1815. 
C,H,O.NSK Potassium aminopheny] sulphates (BURKHARDT and Woop), 146. 
C,H,0,NBrAs 2-Bromo-4-aminophenylarsinic acid (HAYTHORNTHWAITE), 1013. 


C, Group. 


C,H,S, 2:3-Dithiosulphindene (McCLELLAND, WARREN, and Jackson), 1585. 
C;H;0, o-Bromobenzoic acid, réplacement of halogen in (HuRTLEY), 1870. 
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C,H,0, Salicylaldehyde, preparation of (Copisarow), 588. 
C,H,0, Benzoic acid, dipyridinocupric salt (Kine), 2596. 
C,H,F p-F.u -rotoluene, fluorescence spectrum of (RussELL and Srewarr), 2435; 
(MonyYPENY and RUSSELL), 2436. 
C,H,0, o0-Anisaliehyde, preparation of (Coptsarow), 589. 
Dimethylpyrone, effect of, on esterification by hydrochloric acid (MITCHELL and 
PARTINGTON), 1562. 
Resorcinol methy] ether, nitrosation and nitration of (Hopcson and Cay), 2777. 
C,H,N Benzylamine, picrate of (INcoLD and SHopres), 1203. 
cyc/oPentylijeneacetonitrile (KANDIAH and LinsTgap), 2151. 
C,H,,0, 48-Butenylmalovic acid (Eccorr and Linstgap), 2163. 
C,H,,0, Glucofuranose 5:6-carbonate (HaAworTH and PorTER), 2805. 
C;H,,0 Methyl 8-methylbutenyl ketones (QupRaT-I-KHUDA), 1915. 
C,H,,0, 8-Methyl-Ay-hexenoic acid (Burton and Inco.p), 2031. 
C,H,,0, Dimethyl xylan (Hampron, Haworru, and Hirst), 1746. 
Pimelic acid, catalytic and thermal decomposition of (VocEL), 728. 
C,H,,0; 2:3-Dimethyl y-xylonolactone (Hamp:on, Haworru. and Hrrst), 1748. 
C,H,,0, Methylglucoxid.s, preparation of (PATTERSON and RoBERTsoN), 300, 


7 Il 
C,H,OCI, Trichloroanisoles (Hopeson and Kersaaw), 2919. 
C,H,;0,F Fluorohydroxybenzaldehydes (Hopeson and Nixon), 1635. 
C,H,0,F 4-Fluoro-2-hydrexyhenzoic acid (Hopeson and Nrxon), 1639. 
C;H,0,N, 2:4-Dinitrobenzaldehyde, use of, as a reagent (BENNETT and Pratt), 
1465. 


C,H,0,N, 2:6-Dinitrophenylmethylnitrosoamine (MACMILLAN and REApDB), 2866. 

C,H,Cl,As 3-(hlorotolyldichloroarsines (Grsson and Jonnson), 776. 

C,H,O,N 6-Methyl-2-pyridone-4-carboxylic acid (BARDHAN), 2227. 

C,H,0,N, 3:6-Dinitromonomethylaniline (MACMILLAN and Reape), 2867. 

C,H,0;As 3:4-Methylenedioxyphenylarsinic acid (BALABAN), 1088. 

C,H,0,N, p-Benzoquinonedioxime 4-methyl ether (Hopcson and Kenrsuaw), 
1557. 


C,H,0,N Caronimide (MsNon and StmonseEn), 304. 
cycloPentane-]:2-dicarboxylimide (MENON and SImonsEn), 304, 
C,H,,.N,Se, ae-Pentamethylene diselenocyanate (MoRGAN and BursTALL), 2202. 
C,H,,0N 2-Amiuomethylcyclopentane-1-carboxyl-lactam (MENON and Simonse»), 
305. 
8-Methylsorbamide (Burton and INGoLD), 2029. 
C,H,,0N 4:4-Dimethyl-2-piperidone (MENON and Simonsen), 304. 
C,H,,;0,Cl ¢-Chloroamyl acetate (BENNETT and Hearnooat), 274. 
C,H,,0,N, Ethvl piperazine-1-carboxylate (Moork, BorLz, and THorn), 45. 
C,H,,0,N, Piperazino-8-propionic acid, and its dihydrochloride (Moorx, Boyt, 
and ‘THorn), 49. 
C,H,,NCl Diethyl-y-chloroallylamine, and its picrate (INcoLD and Rotusré£Iy), 
ll. 


C,H,,Br,Se 1-8-Bromoethylcycloselenipentane 1-bromide (MorGan and Bur- 
STALL), 22:2, 

Crs Oe Trimethylethoxyaldchydomethylamine, picrate of (INcotp and Rort- 
STEI\), 14. 

C,H,,0,;P w-Oarbethoxvtetramethylphosphonium hydroxide, and its picrate 
(FENToN and INGoLD), 2356. 

C;H,,0P Methyltriethylphosphonium hydroxide, and its salts (FznTon and Iv- 


GOLD), 2350. 
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FORMULA INDEX. lTIV—7 V 


7IV 


C,H,0,N,F Fluorodinitrohydroxybenzaldehydes (HopGson and Nixon), 1636. 

C,H,0,BrF Fluorobromohydroxybenzaldehydes (HopGson and Nixon), 1637. 

C,H,O,NF Fluoronitrohydroxybenzaldehydes (Hopcson and Nixon), 1635, 

a p-Chlorophenyl selenocyanate, parachor of (HENLEY and SuGpEN), 
| m 


C,H,NBrSe p-Bromopheny] selenocyanate, parachor of (HENLEY and SvapEN), 
1064. 


C,H,0,;NCl, 3:6-Dichloro-2-nitroanisole, and its hydrochloride (Hopcson and 
KErsHAW), 2923. 

C,H,0,N,Br 4-Bromo-2:6-dinitrotoluene (Etson, Gipson, and Jonnson), 2741. 

C,H;0,N,F 2-Fluoro-5-nitro-4-hydroxybenzaldoxime (Hopegson and Nr1xon), 
1636. 


C,H;N,S;As 2-Thiolbenziminazole-5-arsenic disulphide (EVERETT), 675. 

C,H,OCIAs 3-Chlorotolylarsenious oxides (G1Bson and JoHNson), 777. 

C,H,OBrAs 3-Bromotolylarsenious oxides (G1Bson and JoHNson), 778. 

am ty 3-Chlorobenzoquinone-4-oxime methy] ether (HopGson and KERsHAW), 
1557. 


3-Chloro-4-nitrosoanisole (HopGson and KERSHAW), 1556. 
C,H,O,.NBr 2-Bromo-3-nitrotoluene (Gi1BsoNn and JoHNnson), 1243. 
Bromonitrotoluenes (ELson, Gipson, and JOHNSON), 2739. 
C,H,O,NI 3-Iodo-4-nitrotoluene (ELson, Grsson, and JoHNson), 2740. 
C,H,O.NF Fluorohydroxybenzaldoximes (Hopason and Nixon), 1635. 
C,H,O,N,Br 4-Bromonitrophenylmethylnitrosoamines (MACMILLAN and READE), 
2866. 


C,H,0,ClAs 2-Chloro-4-carboxyphenylarsinic acid (G1nson and Jonnson), 778. 

C,H,0,BrAs 2-Bromo-4-carboxyphenylarsinic acid (G1Bson and JoHNso®), 778. 

C,H,O,NAs 6-Nitro-3:4-methylenedioxyphenylarsinic acid (BALABAN), 1091. 

C,H,Cl,BrAs 3-Bromotolyldichloroarsines (Gipson and Jonson), 778. 

C,H,OC],Te 4-Hydroxy-3-methylphenyltellurium trichloride (MorGAN and Bur- 

GEss), 2217. 

C,H,O,N,Br 4-Bromonitromonomethylanilines (MACMILLAN and Rgapk), 2867. 
3-Bromo-p-tolylnitroamine (BRADFIELD and ORToN), 918. 

C,H,0,CIAs 3-Chlorotolylarsinic acids (G1nson and Jonnson), 776. 

C,H,0,BrAs 3-Bromotolylarsinic acids (Grsson and JoHnson), 777. 

C,H,O;NAs 6-Amino-3:4-methylenedioxyphenylarsinic acid OE Wis 1991. 


7V 
C,H,O,NBrF Fluorobromonitrohydroxybenzaldehydes (Hopason and Nrxon), 
1637. 


C,H,NCIBrS 1-Chloro-5-bromobenzthiazole (Dyson, Hunter, and SoyKa), 461. 

C,H,ONS,As 1-Thiobenzoxazolone-4-arsenic disulphide (EVERETT), 674. 

ey ad 2-Fluoro-3-bromo-4-hydroxybenzaldoxime (Hopason and N:xoy), 
1637. 

C,H,O,.NCI,As 3-Nitrotolyldichloroarsines (G1Bson and JoHNson), 781. 

C,H,O.NBr,S 3-Nitro-o-tolyldibromoarsine (G1Bson and JoHNnson), 782. 

C,H,O,NCIS 2-Chloro-5-nitro-p-toluenesulphinic acid (Dann an Davigs), 1052. 

C,H,O,NSAs_ 1-Thiolbenzoxazolone-4-arsinic acid (EVERETT), 677. 

C;H,0;N,SAs 2-Thiolbenziminazole-5-arsinic acid (EVERETT), 677. 

C;H,O.NCI,I Trigonelline tetrachloroiodide (CHaTTAWAY and PARKEs), 1316. 

C;H,0,N,CIS Chloronitrotoluenesulphonhydrazides (DANN and Davrgs), 1053. 
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8 II—8 Ill FORMULA INDEX. 


C, Group. 


C,H,O, Phthalic acid, chlorination of (AYLING), 253 ; complex sodium copper salt 
(Ritry), 1310. 
C,H,0; 0-Nitroacetophenone, preparation of (KERMACK and Smirn), 814. 
C,H,,0, 2:5-Dimethoxyresorcinol (BAKER, Nopzv, and Rosrnson), 78. 
C,H,,N Dimethylaniline, interaction of tellurium tetrachloride with (Morcax 
and Buresgss), 1103. , 
cycloHexylideneacetonitrile (KANDIAH and LINSTEAD), 2146. 
C,H,,0, dl-a-Hydroxy-8-isopropylglutarolactone (G1nson and SimonsEn), 1079, 
C,H,,0, 8-Methylglucofuranoside 5:6-carbonate (HAworTH and PorTER), 2804. 
C,H,,N, 9-3-Aminophenylethylamine, and its dihydrochloride (GuxLAnp, 
AWORTH, and VIRDEN), 1672. 
Tetramethylpyrazine, preparation and reduction of (KIPPING), 2891. 
C,H,,0, Ethyl pyroterebate (LinsTEap), 2506. 
888-Trimethylvalerolactone (QUDRAT-I-KHUDA), 208. 
C.H,,0, y-Acetyl-88-dimethylbutyric acid, synthesis of, and its silver salt 
(QupRraT-I-KHvuDA), 201. 
C,H,,0, Suberic acid, catalytic and thermal decomposition of (VocEL), 729. 
CoH 0, $:4-Dimethyl 3-rhamnonolactone (HawortH, Hirst, and MItuEr), 
477. 


d-2:3:4-Trimethyl 5-arabonolactone (ANDERSON, CHARLTON, HaworrTa, and 
Nicaouson), 1345. , 
Trimethylxylonolactones, conversion of, into the corresponding lyxonolactones 
(HaworrH and Lone), 345. 
€,H,,0, Diethyl tartrate, action of phosphorus pentachloride on (PATTERSON and 
Topp), 1768. 
Methylheptenone peroxide (HEILBRON, OWENS, and Simpson), 880. 
C,H,,0, 2:3-Dimethy] methylxyloside (Hampton, Haworrn, and Hirst), 1747. 
Dimethy) rhamnose (HAworTH, Hirst, and MiLier), 2475. 
C,H,.0, «- and §-Ethylglucofuranosides (HAWorTH and PorTER), 2796, 
C,H,,.N, Tetramethylpiperazines, and their salts (KrpPrne), 2894. 


8 III 

C,H,O,N, Pyrazinetetracarboxylic acid, and its potassium salt (CHaTTAWAY and 
HumPurey), 651. 

C.H;N,Cl 6-Chloroquinoxaline (CHaTTaway and HumpPHRey), 650. 

C,H,N,Br 6-Bromoquinoxaline (CHATTAWAY and HumpHRey), 650. 

C,H,0,Br, 3:5-Dibromo-2-hydroxy-4-methoxybenzaldehyde (Rao, SRIKANTIA, 
and IyENGAR), 1579. 

C,H,O,N, 2-Nitro-3-hydroxy-1:4-benzisooxazine (BALABAN), 2609. 

C,H,0,F Fluoromethoxybenzaldehydes (Hope@son and Nixon), 1638. 

C,H,0.Br 5-Bromo-2-hydroxy-4-methoxybenzaldehyde (Rao, SRIKANTIA, and 
Iyz.sGAR), 1579. 

C,H,0,F Fluoromethoxybenzoic acids (Hopeson and Nrxon), 1639. 

C,H,0,N, Nitroamino-3-hydroxy-1:4-benzisooxazines (BALABAN), 2609. 

C,H,NS, 2-Thio-1-methyl-1:2-dihydrobenzisothiazole (MoCLELLAND, WARREN, 
and JACKSON), 1585. 

C,H,OCl -Chloroacetanilide, velocity of reaction of hydrobromic acid with 
(RicHARDSON and Soper), 1873. 

CoHO.N, 5-Nitro-1:6-dimethyl-1:2:3-benzthiazole (Brapy, Day, and REYNoLpDs), 


C,H,OI 2-Iodo-4-methoxytoluene (RoBERTs and SmILEs), 868, 
C,H,O,N Methyl 6-methyl-2-pyridone-4-carboxylate (BARDHAN), 2228. 
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C,H,0;N; 0-Methyl-m-nitrobenzamidoxime (Brapy and Pgaxk1n), 2270. 

C,H,0,,B Borotartaric acid (Burcess and Hunter), 2856; potassium salt 
(Lowry), 2853. 

C,H,NS, 2-Methylthiolbenzothioamide (McCLELLAND and WARREN), 2625. 

C;H,,0,N, 8-3-Nitrophenylethylamine, and its hydrochloride (GuLLAND, 
Haworets, and VIRDEN), 1671. 

C,H,.0;N, 2:6-Dihydroxy-3-isopropylpyridine oxime (Gisson and Simonsen), 
1078. ; 


C,H,.NCl 2-Chloro-4-methyl-6-ethy]pyridine (BARDHAN), 2230. 

C,H;,ON p-Methoxybenzylamine, salts of (INcoLD and SHorrer), 1203. 

C,H,,0N 4-Methyl-6-ethyl-2-pyridone (BARDHAN), 2230. 

C,H,,0,N 2:6-Dihydroxy-3-isopropylpyridine, and its hydrochloride (Gipson and 
SIMONSEN), 1078. 

C,H,,0,N, 6-Nitro-4-aminomethyl-m-toluidine (BRapy, Day, and Reyno.ps), 
2265. 


C,H,,0,N, 3:5-Diaminoveratrole (BAKER and Rosrnson), 156. 
C,H,,ON; Methyl 8-methylbutenyl ketone semicarbazones (QuDRAT-I-KHUDA), 
1915. 


C,H,;0,C1 Ethyl y-chloroisohexoate (LINsTEAD), 2510. 

C,H10,N, Piperazino-y-butyric acid, and its chloroplatinate (Moor, BoyLz, and 
‘THORN), 49. 

C.H,,0,.N, Dinitrosotetramethylpiperazines (Krpprne), 2896. 

C.H,,0;N, 7-Threose diacetamide (DevLorEv), 2459. 

CoH, .Br.Se 1-8-Bromobutyleycloselenibutane 1-bromide (MorGAN and BurstTALL), 
1101. 


C,H,,ON Trimethyl-a-ethoxyallylamine, picrate of (INcoLD and RorustEin), 13. 
C,H,,ON Vinyldiacetoneamine, action of aromatic acid chlorides on (GRAYMORE), 
87. 


C,H,,0,N Triethylhydroxyaldehydomethylamine, picrate of (INcoLp and Roru- 
STKIN), 14. 
C,H,,0,N Dimethyl rhamnonamide (HawortH, Hirst, and MILLER), 2477. 


8 IV 
C,H,0,.N,Br Phenylbromocyanonitromethane, nitration of (BAKER and INGoLD), 
423. 


C,H,0,C1,S, 4-Ethoxy-4-trichloromethyl-2:6-bisdichloromethylenecyclo-1:3:5-oxa- 
dithia-2:4:6-trimethylene (CHATTAWAY and KELLETT), 2916. 

C,H,0,Cl,S, 4-Ethoxy-2:4:6-tristrichloromethyleyclo-1:3:5-oxadithia-2:4:6-tri- 
methylene (CHATTAWAY and KELLETT), 2916. 

C,H,0,NS os sulphinide (McCLELLAND, WARREN, and Jack- 
SON), 1587. 

C,H,0,N,Cl m-Nitrobenzmethoxamy] chloride (BRapy and PEaxkrn), 2270. 

C,H,0,N,F 2-Fluoro-5-nitro-4-hydroxybenzaldehyde semicarbazone (Hopason and 
Nrxon), 1636. 

C.H,N,CLI Quinoxaline tetrachloroiodide (CHatTaway and HumpHrey), 649. 

C,H,O,NF Fluoromethoxybenzaldoximes (Hopeson and Nrxon), 1638. 

CoH.O,NaF Fluorohydroxybenzaldehyde semicarbazones (Hopason and Nrxon), 

35. 


C,H,O,N,As 1-Acetyl-1:2:3-benztriazolearsinic acids (PHILLIPS), 2827. 
C,H,0,SHg, Diacetoxymercurithiophen (Briscor, PEEL, and Youne), 2591. 
C,H,O,SeHg, Diacetoxymercuriselenophen (Briscoz, Pret, and Youne), 2592. 
C,H,0,N,As 3:5-Dinitro-4-acetamidophenylarsinic acid (PHILLIPS), 2828. 
C;H,ONS 2-Methylthiolbenzamide (McCLELLAND and WARREN), 2625. 
C,H,O,N,As Nitroacetamidophenylarsinic acids (PHILLIPS), 2826. 
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8 II—8 III FORMULA INDEX. 


C, Group. 


C,H,O, Phthalic acid, chlorination of (AYLING), 253 ; complex sodium copper salt 
(RitEy), 1310. 
C,H,0, 0-Nitroacetophenone, preparation of (KERMACK and Smits), 814. 
C,H,,.0, 2:5-Dimethoxyresorcinol (BAKER, Nopzv, and Rosrnson), 78. 
C,H,,N Dimethylaniline, interaction of tellurium tetrachloride with (Morcan 
and Buregss), 11038. , 
cycloHexylideneacetonitrile (KANDIAH and LINSTEAD), 2146. 
C,H,,0, dl-a-Hydroxy-8-isopropylglutarolactone (G1nson and SimonsEn), 1079, 
C,H,,0, 8-Methylglucofuranoside 5:6-carbonate (HAWoRTH and PorTER), 2804. 
C,H,,.N, 8-3-Aminophenylethylamine, and its dihydrochloride (GuLLanp, 
Haworrs, and VIRDEN), 1672. 
Tetramethylpyrazine, preparation and reduction of (KipPING), 2891. 
C,H,,0, Ethyl pyroterebate (Linsrgap), 2506. 
£88-Trimethylvalerolactone (QUDRAT-I-KHUDA), 208. 
C,H,,0, y-Acetyl-88-dimethylbutyric acid, synthesis of, and its silver salt 
(QuDRAT-I-KHUDA), 201. 
C,H,,0, Suberic acid, catalytic and thermal decomposition of (VoGEL), 729. 
CrH,.0, 8:4-Dimethyl 8-rhamnonolactone (HawortH, Hirst, and MItueEr), 
477. 


d-2:3:4-Trimethyl 3-arabonolactone (ANDERSON, CHARLTON, HaworrTs, and 
Nicao.son), 1345. 3 
Trimethylxylonolactones, conversion of, into the corresponding lyxonolactones 
(HaworrTs and Lone), 345. 
€,H,,0, Diethyl tartrate, action of phosphorus pentachloride on (PATTERSON and 
Topp), 1768. 
Methylheptenone peroxide (HEILBRON, OWENS, and Simpson), 880. 
C,H,.0, 2:3-Dimethyl methylxyloside (Hampron, Hawortn, and Hirst), 1747. 
Dimethyl] rhamnose (HawortTH, Hirst, and Miter), 2475. 
C,H,,0, «- and 8-Ethylglucofuranosides (HAworTH and PorTER), 2796, 
C,H,,N, Tetramethylpiperazines, and their salts (KipPinG), 2894. 
8 III 
C,H,O,N, Pyrazinetetracarboxylic acid, and its potassium salt (CHaTTaway and 
HumpuHrey), 651. 
C.H;N,Cl 6-Chloroquinoxaline (CHaTTaway and HumpurRey), 650. 
C.H;N,Br 6-Bromoquinoxaline (CHaATTAWAY and Humpnrey), 650. 
C,H,0,Br, 3:5-Dibromo-2-hydroxy-4-methoxybenzalcehyde (Rao, SRIKANTIA, 
and IyENGAR), 1579. 
C,H,0,N, 2-Nitro-3-hydroxy-1:4-benzisooxazine (BALABAN), 2609. 
C,H,0,F Fluoromethoxybenzaldehydes (Hopeson and Nixon), 1638. 
C,H,0,Br 5-Bromo-2-hydroxy-4-methoxybenzaldehyde (Rao,: SRIKANTIA, and 
IyENGAR), 1579. 
C,H,0,F Fluoromethoxybenzoic acids (Hopcson and Nrxon), 1639. 
C,H,0,N, Nitroamino-3-hydroxy-1:4-benzisooxazines (BALABAN), 2609. 
C.H,NS, 2-Thio-1-methyl-1:2-dihydrobenzisothiazole (MoCLELLAND, WARREN, 
and JACKSON), 1585. 
C,H,OCl N-Chloroacetanilide, velocity of reaction of hydrobromic acid with 
(RicHARDSON and Soper), 1873. 
CoH AON 5-Nitro-1:6-dimethyl-1:2:3-benzthiazole (Brapy, Day, and REYNOLDS), 


C,H,OI 2-Iodo-4-methoxytoluene (RospERTs and Sm1LEs), 868. 
C,H,O,N Methyl! 6-methyl-2-pyridone-4-carboxylate (BARDHAN), 2228, 
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FORMULA INDEX. 8 lI—8 IV 


C,H,O;N; 0-Methyl-m-nitrobenzamidoxime (BraDy and PgaxK1n), 2270. 

C,H,0,,B Borotartaric acid (BurcEss and Hunter), 2856; potassium salt 
(Lowry), 2853. 

C,H,NS, 2-Methylthiolbenzothioamide (McCLELLAND and WARREN), 2625, 

C,H,,0,N, 8-3-Nitrophenylethylamine, and its hydrochloride (GuLLAND, 
HawokrtH, and VIRDEN), 1671. 

CoH .05Ns 2:6-Dihydroxy-3-isopropylpyridine oxime (GiBson and SIMONSEN), 
1078. 


C,H, .NCl 2-Chloro-4-methyl-6-ethylpyridine (BARDHAN), 2230. 

C,H,,ON p-Methoxybenzylamine, salts of (INcoLp and SHoprge), 1203. 

C,H,,ON 4-Methyl-6-ethyl-2-pyridone (BARDHAN), 2230. 

C,H,,0,N 2:6-Dihydroxy-3-isopropylpyridine, and its hydrochloride (G1sson and 
SIMONSEN), 1078. 

C,H,,0,N, 6-Nitro-4-aminomethyl-m-toluidine (Brapy, Day, and RryNo.ps), 


C,H,,0,N, 3:5-Diaminoveratrole (BAKER and Rosrnson), 156. 
C,H,,ON,; Methyl 8-methylbutenyl ketone semicarbazones (QupRAT-I-KHUDA), 
1915. 


C,H,;0,Cl Ethyl y-chloroisohexoate (LinsTEAD), 2510. 

C,H,,0,N, Piperazino-y-butyric acid, and its chloroplatinate (MoorE, Boyz, and 
‘THORN), 49. 

C,H,,0,N, Dinitrosotetramethylpiperazines (Krpprne), 2896. 

C,H,,0;N, /-Threose diacetamide (DevLorEv), 2459. 

C,H,,.Br,Se 1-3-Bromobutyleycloselenibutane 1-bromide (MorGAN and BursTALt), 


C,H,,0ON Trimethyl-a-ethoxyallylamine, picrate of (INcoLp and RorustEin), 13. 
aes Vinyldiacetoneamine, action of aromatic acid chlorides on (GRAYMORE), 


O.H..0.K Triethylhydroxyaldehydomethylamine, picrate of (INcoLD and Rors- 
STEIN), 14, 
C,H,,0;N Dimethyl rhamnonamide (Haworrs, Hirst, and MILLER), 2477. 


8IV 
CsH.O.N.Br Phenylbromocyanonitromethane, nitration of (BAKER and INGOLD), 


6.H,0,C1,S, 4-Ethoxy-4-trichloromethy]-2:6-bisdichloromethylenecyclo-1:3:5-oxa- 
dithia-2:4:6-trimethylene (CHATTAWAY and KELLETT), 2916. 

C,H,0,C1,S, 4-Ethoxy-2:4:6-tristrichloromethylcyclo-1:3:5-oxadithia-2:4:6-tri- 
methylene (CHATTAWAY and KELLETT), 2916. 

— bs -Methyl-o-benzoic sulphinide (McCLELLAND, WARREN, and Jack- 
SON), 1587. 

C,H,0,N,Cl m-Nitrobenzmethoxamyl chloride (Brapy and Pgeakrn), 2270. 

C,H,0,N,F 2-Fluoro-5-nitro-4-hydroxybenzaldehyde semicarbazone (HopGson and 
Nrxon), 1636. 

C,H,N,CLI Quinoxaline tetrachloroiodide (CHaTTAWwAyY and HumpHREY), 649. 

C,H,O,NF Fluoromethoxybenzaldoximes (Hopeson and Nrxon), 1638. 

CoH,O,NSF Fluorohydroxybenzaldehyde semicarbazones (Hopason and Nrxon), 

35. 


C,H,O,N,As 1-Acetyl-1:2:3-benztriazolearsinic acids (PHILLIPS), 2827. 
C,H,0,SHg, Diacetoxymercurithiophen (Briscor, PEEL, and Young), 2591. 
C,H,O,SeHg, Diacetoxymercuriselenophen (Briscoz, PEEL, and Young), 2592. 
C,H,0,N,As 3:5-Dinitro-4-acetamidophenylarsinic acid (PHILLIPS), 2828. 
C,H,ONS 2-Methylthiolbenzamide (McCLELLAND and WARREN), 2625. 
C,H,O,N,As Nitroacetamidophenylarsinic acids (PHILLIPS), 2826. 
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C,H,N,BrS 2-Thiolphenyl-4:5-dihydroglyoxaline hydrobromide (McCLELLAND 
and WARREN), 2627. 
C,H,,ONCI] Chloro-4-methoxy-o-toluidine (RopERTs and SmILEs), 868, 


C,H,,0,NBr 4-Bromo-2:5-dimethoxyaniline (GULLAND, Ropinson, Scort, and 
THORNLEY), 2930. 


C,H,,0,N,As Aminoacetamidophenylarsinic acids (PHILLIPS), 2826. 

C,H,,NCIBr p-Chlorobenzylmethylamine hydrobromide (BAKER), 1206. 

C,H,,0,P,Ba Barium diethyl phosphate (PLIMMER and Burcu), 294. 

CoHa00,.P.Ba Barium di-8-hydroxyethyl phosphate (PiimmER and Bvurca), 
284. 


8 V 
C,H,0,N,BrF 2-Fluoro-3-bromo-4-hydroxy benzaldehyde semicarbazone (Hopson 
and Nrxon), 1637. 
C,H,O,NCIS 2-Chloro-5-nitro-p-tolylmethylsulphone (DANN and Davigs), 1053, 
si 2-Bromo-4-acetamidophenylarsinic acid (HAYTHORNTHWAITE), 
13. 
C;H,,0,NCI,I Methyl N-methylnicotinate tetrachloroiodide (CHATTAWAY and 
PARKES), 1315. 


C, Group. 
C,H,0, Coumarin, photobromination of (W1LLIAMs), 1383. 
C,H,0, 4-Methoxyphthalide (CHAKRAVARTI and PERKIN), 199, 
C,H,O, 4-Methoxyphthalic acid (CHAKRAVARTI and PERKIN), 199. 
C,H,,0, 8-Methylsorbic acid (Burton and INGoLp), 2029, 
C,H,,N, 1:2-Dimethyibenziminazole (Pa1Lurps), 2825. 
C,H,,N 2-Methyl-A' %-cyclohexenyl-l-acetonitrile (KANDIAH and LInsTEAD), 
2152. 


C,H,,0, A!-cycloHeptenylacetic acid (Hvcn, Koy, and Mitcuett), 1438. 
3-Hydroxy-8-methyl-8-ethyl-Ay-hexenoic lactone (QupRAr-I-KHUDA), 1918. 
5-Methyl-5-ethyldihydroresorcinol (QUDRAT-i-KHUDA), 1917. 

C,H,,0, «-Carboxy-y-acetyl-88-dimethylbutyric acid, ring-chain tautomerism of 

(QupRAT-I-KuuDA), 201. 
C,H,,0, 8-Ethylglucofuranoside 5:6-carbonate (HawortTH and PorTErR), 2802. 
C,H,,0, y-Acetyl-8-methy]-8-ethylbutyric acid, and its silver salt (QupRAT-I- 
KuupA), 1917. 
Ethyl 8-hydroxy-8-methyl-Ay-hexenoate (BURTON and INGoLD), 2029. 


C,H,.0, Azelaic acid, dimorphism of (Caspari), 2709; catalytic and thermal 
decomposition of (VoGEL), 730. 


Ethyl hydrogen §8-dimethylglutarate, and its silver salt (QuDRAT-1-KuvDA), 
208. 


C,H,,0,; Trimethyl glycogen (HaworTH, Hirst, and Wess), 2484. 
2:3:4-Trimethy] rhamnonolactone (AVERY and Hirst), 2467. 
C,H,,0, Glucose-acetone, constitution of (ANDERSON, CHARLTON, and Hawort#), 
1329. ; 


l-3:4:6-Trimethyl 8-mannonolactone (HAWoRTH and PxarT), 356, 
C,H,,P Tri-n-propylphosphine (Davies, Pearse, and Jonzs), 1264. 
9 Ill 
C,H,0,N 5:6-Methylenedioxyisatin (GULLAND, Rosrnson, Scott, and THORNLEY), 
2931. 


C,H,0,N, Ox-6-nitro-3:4-methylenedioxyanilic acid (GuLLAND, Rosrnson, Scott, 
and THORNLEY), 2931. 
C,H,0,N, 8-3:5-Dinitro-4-hydroxyphenylpropionic acid (CALLow, GULLAND, and 
HawortTs), 1452. 
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C,H,NC] Triethyl-y-chloroallylamine, picrate of (INcoLD and RoTusTEtn), 12, 

C,H,0,N 2:3-Dimethoxybenzonitrile (KAkER and Eastwoon), 2907, 

C,H,0;N -Nitro-3-methoxystyrene (GULLAND and VIRVEN), 1795. 

C,H,NS, 2-Thio-1-ethyl-1:2-dihydrobeuzisothiazole (MCCLELLAND, WaRREN, and 
JACKSON), 1585. 

C,H;ON, 3-('yano-4-methyl-6-ethyl-2-pyridone (BARDHAN), 2230. 

C,Hi0.N, 2:6-Dihydroxy-3-cyano-4-isopropylpyridine (Gi1sson and SIMONSEN), 
1077. 


C,H,.O;N, 0-Nitroacetomethylanilide (PHILLIPS), 2824. 
8-3-Nitrophenylpropionamide (GULLAND, HAworTH, and VIRDEN), 1671. 
C,HioN.S 2-0-Thiolpheny]-4:5-dihydroglyoxalins (McCLELLAND and WARREN), 
2624. 


C,H,,0Cl »-Chlorophenylisopropyl ether (BRADFIELD, JonEs, and ORTON), 2815. 

C,H,,0,N 3-Methoxyphenylacetaldoxime (GULLAND and ViRDEN), 1796, 

C,H,,0;N Hydroxyphenylalanines, isomeric (D1cKINSON and MARSHALL), 1495. 

C,H,,0,N, m-Nitrobenzodimethylamidoxime (Brapy and PEAKIN), 2269. 

CyH,i04N 2-Aminoveratric acid (GULLAND, Ropinson, Scott, and THORNLEY), 
2933. 

C,H,,0,N, 8-3:5-Dinitro-4-methoxyphenylethylamine, nitrate of (CALLow, GuL- 
LAND, and Hawor Ts), 1451. 

C,H,,N,Br p-Cyanobenzylmethylamine hydrobromide (BAKER), 1206. 

C,H,,0N, 5-Amino-2-acetamidotoluene (ELson, Gipson, and JoHNson), 2739. 
o-Aminoacetomethylanilide (PHILLIPS), 2824. 
2-Keto-3-cyano-4:4:6-trimethyl-2:3:4:5-tetrahydropyridine (QuUDRAT-I-KHUDA), 

205. 
C,H,,0,N, Nitrobenzyldimethylamines, and their salts (BENNETT and WILLIs), 
264. 


C,H,,0N 4:6-Dimethyl-5-ethyl-2-pyridone (BARDHAN), 2231. 
Nor-d--ephedrine, resolution of externally compensated acids by means of 
(Gipson and LEvIN), 2754. 
C,H,,0,N, 3-Ethyl-1:2:4-triazole-5-azoacetylacetone (REILLY and MADDEN), 816. 
C,H,;N,Cl, 8-Benziminazolylethylamine dihydrochloride (CHATTERJEE), 2967. 
C,H,,0,.N, Se ray nore ne er rt (Quprat-I-Kuv- 
DA), 20 
C,H,,NBr p-Methylbenzylmethylamine hydrobromide (BAKER), 1206. 
C,H,,0,N, Ethyl 4-ethylpiperazine-1-carboxylate (MoorE, BoyLe, and Taorn), 46. 
C,H,,0,N, 5-Amino-d-hydroxy-a-cyano-88-dimethylhexoamide (QUDRAT-I-KHUDA), 
206. 


C,H,,0,Cl d-8-Octyl chlorocarbonate, reactions of (Hovssa and PHILLtps), 2510. 

C,H,,0,N, Ethyl 4-8-hydroxyethy]piperazine-1-carboxylate (MoorE, BoYLE, and 
THORN), 47. 

C,H,,ON Trimethyl-a-hydroxyallylamine, picrate of (INcoLD and RoTHsTEIN), 13. 

C,H,,ON, Methyl dsohexyl ketone semicarbazone (HEILBRON and THOMPsoN), 
8388, 


C,H,,0P Triethyl-n-propylphosphonium hydroxide, and its salts (FENTON and 

INGOLD), 2351. 
9IV 

C,H,N.Br,S 2-Thiolphenyl-4:5-dihydroglyoxaline perbromide (McCLELLAND and 
WaAkREN), 2627. 

CoHiO.NaF Fluoromethoxybenzaldehyde semicarbazones (HopGson and Nixon), 
1638, 

CoH,,0.NAs 6-Acetamido-3:4-methylenedioxyphenyilarsinic acid (BALABAN), 
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9 IV—10 II FORMULA INDEX. 


C,Hi,0N,S 0-Thiolacetophenone semicarbazone (MCCLELLAND), 1591. 

C,H,,0,NS i-Benzenesulphonylalanine, resolution of (Grnson and LEvin), 2754, 

C,H;,0;N.S Benzenesulphonylalanineamides (Grpson and Levin), 2757. 

C,H,,0,NAs N-Phenylalanine-4-arsinic acid, resolution of, and its brucine salt 

(Gipson, JoHNSON, and LEvIN), 483. 

C.H,,0.N,S 8-8-Nitro-4-methoxyphenylethylamine-5-sulphonic acid (CALLow, 
GULLAND, and HawortTs), 1450. 

nae wt N-Phenylalanineamide-4-arsinic acid (Gipson, JoHNSON, and 
EVIN 

CoH ,0.N2S N-Toluenesulphonylethylenediamine (MoorE, Borie, and Txorn), 


9V 


C,H,ONBr,Mo Quinolinium molybdenyl tetrabromide (ANGELL, JAMES, and 
WARDLAW), 2581. 


C1» Group. 


CioHi, -Terpinene, oxidation of, with benzoylhydroperoxide (Exson, Grssoy, 
and SIMONSEN), 2732. 
10 II 


C,H,O0 a- and oRegheels structure of (Kine), 601; reaction of ethyl ether, 
acetyl bromide, (Bassett and Taytor), 1568, 

C,.H,0, 7:8-Dihydroxy-2-methylchromone (VENKATARAMAN), 2220. 

CioH,0, 3:6-Dicarboxyhexahydrophthalic anhydride (FARMER and WARREN), 
906. 


C,.H,0, Dihydroprehnitic acid (Farmer and WARREN), 905. 

C,.H,N 8-Naphthylamine, nitration of (BELL), 2784. 

CioH,,0 8-Decalones (Rao), 1961, 1967, 

CyoH,.0; 3-Ethylidene cis-A‘-tetrahydrophthalic anhydride (FARMER and 
WakREN), 908. 

C,oH,.0, 3:6-Dihydroxymethyl-cis-A‘-tetrahydrophthalic acid lactone (FARMER 
and WARREN), 904. 

CioH1.0, isoOpianic acid, synthesis of (CHAKPAVARTI and PeRKIN), 193, 

C,.H,,0 a-Phenyl-y-methylallyl alcohol (Burton), 456. 

Croll. 4-Methoxy-2:5-dimethylbenzaldehyde (CLEmo, Hawortu, and WaAtrToy), 


0. 4:5-Dimethyl-cis-A‘-tetrahydrophthalic anhydride (FARMER and 
ARREN), 902. 
4-Methoxy-2:5-dimethylbenzoic acid (CLEmo, Haworrtu, and WaLTon), 2377. 
C,.H,,0, 3:6-Dihydroxymethylhexahydrophthalic acid lactone (FARMER ani 
Wannex), 904, 
3-Ethylidene-cis-A‘-tetrahydrophthalic acid (FARMER and WARREN), 908, 
C,.H,,0, 6-Carboxy-3-methyl-cis-A5-tetrahydrophthalic acid (FARMER and 
WARREN), 906. 
C,oH,,0, 3:6-Dicarboxyhexahydrophthalic acid (Farmer and WARREN), 906. 
C,oH,;N «-A?-cycloHexenylbutyronitrile (KANDIAH and LINsTEAD), 21£0. 
Croll sO, 4:5-Dimethyl-eis-A‘-tetrahydrophthalic acid (FARMER and WARREN), 


CH 


C,H, vi 8-Acetyl-4-methyleyclopentan-4-ol-1:2-dicarboxylic acid (FARMER and 
Wanren), 903. 

C,.H,,0, Glucose-acetone carbonate (HAWorTH and Porrer), 2801. 

C,.HuN, Nicotine, purification and properties of (Lowry and Lioyp), 1376 ; and 
its salts, optical properties of (Lowry and Ludyp), 1771; determination of 


(CHATTAWAY and PaRKEs), 2817. 
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FORMULA INDEX. 10 II—10 III 


CipHi.0 cycloHeptylideneacetone (Hucu, Kon, and MITCHELL), 1488, 
1:4-Oxido-A*?-p-menthene (ELson, Grsson, and SIMONSEN), 2734. 
Piperitone (READ, WATTERS, RoBerTson, and HuGHEspon), 2068 ; (READ and 
WATTERS), 2165. 
CycH,,0, Substance, from piperitone, chlorohydrin, and silver oxide (Reap, 
WATTERS, RoBERTSON, and HuGHEsDON), 2076. 
CioH1s0; cycloPentane-1-acetone-l-acetic acid (QuDRAT-I-KHUDA), 719. 
Crollss0e Ethyl dl-a-hydroxy-8-isopropylglutarolactone (GrBson and SIMONSEN), 
1079. 
CyH1s0; -Carboxy-y-acetyl-8-methyl-8-ethylbutyric acid (QupRaT-I-KHUDA), 
1916. 
C,H,.0, 6-Carboxy-3-methyl-cis-hexahydrephthalic acid (FARMER and WARREN), 
906. 


CHi:0, 8-Hydroxy-B8-diethyl-Ay-hexenoic lactone (QupRAT-I-KHUDA), 1920. 
CyHi,N w-Anhydrolupinine, and its salts (CLEmo and Raper), 1935. 
CioH1s0; y-Acetyl-88-diethylbutyric acid (QUDRAT-I-KHUDA), 1919. 
1-Ethoxycyclohexylacetic acid, silver salt (Kon and LinsTEaD), 1282. 
C,oH,,0, Ethyl hydrogen 8-methyl-8-ethylglutarate, silver salt (QuDRAT-I- 
KuupaA), 1917. 
Sebacic acid, catalytic and thermal decomposition of (VocEt), 732. 
CioH;s0, Propyl racemates (CAMPBELL), 1113. 
Tetramethylgluconolactones, conversion of, into the corresponding mannono- 
lactones (HaworTH and Lone), 345. 
C,oH,N y-Anhydrodihydrolupinine, and its salts (CLemo and Raper), 1936. 
CyH.,0; Ethy] 8-ethoxyisohexoate (LrnsTEAD), 2509. 
Cro Oe 2:8:4-Trimethyl 8-methylrhamnoside (HAworTH, Hirst, and MILLER), 
476. 


CioH2:N Menthylamines, salts of, with optically active acids (READ, STEELE, 
and CARTER), 23. 


10 III 


C,,H,0,N, Quinoxaline-2:3-dicarboxylic anhydride (CHaTTAWAY and HUMPHREY), 
648. 


C.oH;0,N, Quinoxaline-2:3-dicarboxyimide (CHATTAWAY and HumpPHREy), 648. 

CioH,O,N. Quinoxaline-2:3-dicarboxylic acid, and its salts (CHATTAWAY and 
HumpuHREy), 647. 

C,.H,.N.Br, 5:6:7:8-Tetrabromo-2:3-dimethylquinoxaline (HENDERSON), 468, 

C,oH,O.N Quinaldinic acid, preparation of (TayLor), 1110. 

CuH>O5Ns Quinoxaline-2:3-dicarboxyamic acid (CHATTAWAY and HuMPHREY), 
48. 


C,oH,O,N 5-Cyano-2;3-dimethoxybenzaldehyde (CHAKRAVARTI and PERKIN), 195. 

C,.H,O,N, Nitroacetamido-3-hydroxy-1:4-benzisooxazines (BALABAN), 2609. 

CroH,O.N 6:7-Dimethoxyisatin (GULLAND, Rosinson, Scott, and THORNLEY), 
933. 


C,.H,O;N Substance, from reduction of 2-nitro-3:4-dimethoxymandelic acid (GuUL- 
LAND, RoBInson, Scott, and THORNLEY), 2935. 

C,oH,O,N 3-Nitrobenzylmalonic acid (GuLLAND, Haworrtn, and VirpeEn), 1671. 

4-Nitro-1:2-diacetoxybenzene (BALABAN), 1092. 

C..H,.0,.N, Benziminazole-2-propionic acid (CHATTERJEE), 2966. 

C,.H,.0,;N, Ethyl 3-cyano-6-methyl-2-pyridone-4-carboxylate (BARDHAN), 2227. 

C.oH,,0,Br, 3:6-Dibromomethyl-cis-A‘-tetrahydrophthalic anhydride (FARMER 
and WARREN), 903. 

CoH ,0.N 6:7-Dimethoxyoxindole (GULLAND, Ropinson, Scorr, and THORNLEY), 
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10 III FORMULA INDEX, 


C.oH,,0,N 4-Amino-1:2-diacetoxybenzene (BALABAN), 1092. 
6:7-Dimethoxydioxindole (GULLAND, Rosrinson, Scott, and THORNLEY), 2934, 
Ethy] a-nitrophenylacetate, and its lithium salt (BAKER), 2261. 
B-3-Nitro-4-methoxyphenylpropionic acid (CALLow, GULLAND, and Haworth), 

1452. 
Ox-2:5-dimethoxyanilic acid (GULLAND, Rosinson, Scott, and THORNLEy), 
2929. 


C,oH,,0,N 2-Nitro-3:4-dimethoxymandelic acid (GuLLAND, RoBINson, Scorr, 
and THORNLEY), 2935. 


C,.H,,0N, 3-Cyano-4:6-dimethyl-5-ethyl-2-pyridone (BARDHAN), 2231. 
1-Methyl-2-a-hydroxyethylbenziminazole (PHILLIPS), 2826. 
C,oH,;,0N, Benziminazole-2-propionic hydrazide (CHATTERJEE), 2966. 
CioHs,0.N2 2-Amino-3:4-dimethoxyphenylacetonitrile (GULLAND and Virpkn), 
800. 


2:5-Dimethoxyanilinoacetonitrile (GULLAND, Rosrnson, Scott, and THORNLEY), 


C,oH,,0,N, 8-3-Nitro-4-methoxyphenylpropionamide (CALLow, GULLAND, and 
Hawokta), 1452. 

C,,H,,0;N, 2-Nitro-3-4-dimethoxyphenylacetamide (GuLLAND and VrrpEy), 
1803. 


C,.H,.N.S 1-Imino-2:3:5-trimethyl-1:2-dihydrobenzthiazole (HuNTER and Prinz), 
945, 

2-0-Methylthiolpheny]-4:5-dihydroglyoxaline (McCLELLAND and WARREN), 
26265. . 


C,.H,,;0N Formy!-8-phenylethylmethylamine (GULLAND and VirDEN), 1800. 
C,,H,;0,N Formyl-8-3-methoxyphenylethylamine (GULLAND and VirRDEN), 1796. 
C,.H,;0;N; m-Nitrobenzomethylethylamidoxime (Brapy and Pgak1n), 2271. 


C,oH,30,N 2-Amino-3:4-dimethoxyphenylacetic acid (GULLAND, RoBrnson, Scot, 
aud THORNLEY), 2934. 


Iridamide (BAKER and Rosrnson), 160. 
C,oH,;CIS Phenyl 3-chlorubutyl sulphide (Bennett, Hearucoat, and Mossss), 
2569. 


C:.H,,0S Phenyl 5-hydroxybutyl sulphide (BENNETT and Heatucoat), 278. 


Phenyltetramethylsulphonium hydroxide, salts of (BENNETT, HEATHCOAT, and 
Mossks), 2570. 


C,.H,;,0;N, 2:5-Dimethoxyanilinoacetamide (GULLAND, Ropinson, Scorr, and 
|! HURNLEY), 2929. 

C,.H,,N,S s-m-Xylylmethylthiocarbamide (HUNTER and Pripk), 945. 

C,oH,,0N a Hydroxyphenylethyidimethylamines, and their hydrochloride (E. and 
E, STEDMAN), 612. 

CioHNBPs m-Bromobenzyltrimethylammonitim bromide (BAKER and INcoLD), 
438, 


C,oH,;,0,N, 6 Hydroxy-2-keto-3-cyano-4:6-dimethyl-4-ethylpiperidine (QuDRAT-I- 
KuuUDA), 1916. 

CyoH,,ON; A?-cycloPentenylmethyl ethyl ketone semicarbazone (Dicxins, Hue, 
and Kon), 576. 

cycloPentylidenemethy] ethyl ketone semicarbazone (Dickins, Huu, and Koy), 

575. 

C,oH,,OP Benzyltrimethylphosphonium hydroxide, .and its salts (FgNToNn and 
INGOLD), 2353. 

CyoH;,0,Cl di-Piperitone chlorohydrin (READ, WarTTErs, RoBERTson, and 
HUGHESDON), 2075. 

CyoH1s0,N, y-Acetyl-8-methyl-8-ethylbutyric acid semicarbazone (QuDRAT-I- 
KuupaA), 1917, 
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FORMULA INDEX. 10 III—10 V 


CyyHg,0,N Triethylethoxyaldehydomethylamine, picrate of (INcoLD and Rotu- 
STEIN), 14. 

C,0HaIP Methyltri-n-propylphosphonium iodide (Davies, PEARsE, and Jonks), 
1264. 


10 IV 

C,.H;0;N,Cl 6-Chloroquinoxaline-2:3-dicarboxylic anhydride (CHATTAWAY and 
HUMPHREY), 649. 

C,,H,0,;N,Br 6-Bromoquinoxaline-2:3-dicarboxylic anhydride (CHATTAWAY alld 
HuMPHREY), 650. 

C,,H,O,NCl, 6-Nitro-2(or 4)-trichloromethyl-4(or 2)-dichloromethylene-1:3-benz- 
dioxin (UHATTAWAY and IrvING), 1048. 

C,.H,0,N.Cl 6-Chloroquinoxaline-2:3-dicarboxylic acid, and its salts (CHATTAWAY 
and HUMPHREY), 649. 

C,H;0,N,Br 6-Bromoquinoxaline-2:3-dicarboxylic acid, and its salts (CHATTAWAY 
and HuMPHREY), 650. 

C,H,0,BrS 1-Bromonaphthalene-2-sulphinic acid (ConEN and SmizEs), 211. 

C,H,ONS 1-Acetyl-2-methylene-1 : 2-dihydrobenzisothiazole (McCiELLAND), 1591. 

C,,H,O,N.Br Ethyl 5-bromo-3-cyano-6-methy]-2-pyridone-4-carboxylate (BARD- 
HAN), 2227. 

CreH.O.NS Hydrogen 4-amino-l-naphthyl sulphate (BURKHARDT and Woop), 
147. 


C,,.H,O,N,Cl y-Chloropropy] 3:5-dinitrobenzoate (BENNETT and HEATHCOAT), 271. 

CioH;90,N,Cu Dipyridinocupric nitrite (Kine), 2596. 

CicHoNI,Co Cobaltous iodide dipyridine (PerctvaL and WarDLAW), 1509. 

C,oH,,0,N,Cu Dipyridinocupric hydroxide, salts of (Kine), 2595. 

CyoH,,0,NBr Aceto-4-bromo-2:5-dimethoxyanilide (GULLAND, Rosinson, Scott, 
and THORNLEY), 2930. 

C,oH,,.N,C1,Co Dipyridinium cobaltous chloride (PERcIvVAL and WARDLAW), 1508. 

CoHl,»NaBr.Co Dipyridinium cobaltous bromide (l’eRctvaL and WarDLAw), 
1509. 


C,,H,,0,NS Benzenesulphonylalanine methyl esters (Grnson and Levin), 2757. 
C,oH,,ONI Benzaldehyde-p-trimethylammonium iodide (Hopcson and CooPER), 
233, 


C,.H,,0,N.S 1-Methylbenziminazole methosulphate (PHILLIPS), 2825. 
C,oH,,0;NAS Methyl N-phenylalanine-4-arsinate (G1Bson, JouNsoN, and LEVIN), 
483. 


dl-N-o-Tolylalanine-5-arsinic acid (G1BsoN and LEVIN), 2760. 
C,,H,;0,N,As 4/-N-o-Tolylalanineamide-5-arsinic acid, and its resolution and salts 
(GrBson and Levin), 2761. 
C,oH,.N.CI,I, Nicotine tetrachloroiodide (CHATTAWAY and PaRKgs), 1814. 
CioHeoCl,Se,Pt Bis-1-chlorocycloselenipentane 1-chloroplatinate (MoRGAN and 
BURSTALL), 2201. 
10 V 


C,.H,OCIBrS 1-Bromonaphthalene-2-sulphinyl chloride (CoHEN and SmMILEs), 
¢,.H,0,CIBrs 1-Bromonaphthalene-2-sulphonyl chloride (CoHEN and SMILEs), 
0,.H.0,NSK Potassium 4-nitro-l-naphthyl sulphate (BuRKHARDT and Woop), 
0,,H,ONBrS 1-Bromoacetyl-2-methylene-1:2-dihydrobenzisothiazole (McCLEL- 


LAND), 1591. 
C,.H,O,NSK Potassium 1-amino-2-naphthyl sulphate (BURKHARDT and Woop), 
146, 
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10 V—il Il FORMULA INDEX, 


C,.H,,0N,Br,Mo Dipyridinium molybdenyl pentabromide (ANGELL, JAMEs, and 
WARDLAW), 2582. 

C,oH,,0,NS,As Di(carboxymethy]) 4-aminophenylthioarsenite (BARBER), 1022. 

CioH20,NS,As Di(carboxymethyl) 3-amino-4-hydroxyphenylthioarsinite (Bar. 
BER), 1023. 

C,oH20,N;S,As 5-Nitro-2-hydroxyphenylarsinic acid thiolacetamide (BARzER), 
2335. 


CyH,,0,N,S,As Di(carbamylmethyl) 4-aminophenylthioarsinite (BARBER), 1022, 
C,oH,,0,N,S,As Di(carbamylmethyl) 3-amino-4-hydroxyphenylthioarsinite (Bar. 
BER), 1023. 
10 VI 


C,0H,,0,N;,CIS,As 3-Chloro-6-nitrophenylarsinic acid thiolacetamide (BARBER), 
2336. 


C,oH,,0,N,BrS,As Bromonitrophenylarsinic acid thiolacetamide (BARBER), 2335. 
C,oH,0,N,IS,As  2-Iodo-5-nitrophenylarsinic acid thiolacetamide (BARBER), 
2336. 


C,oH,;,0,N,BrS,As 3-Bromophenylarsinic acid thiolacetamide (BARBER), 2337. 
Di(carbamylmethyl) o-bromophenylthioarsinite (BARBER), 2835. 


C;, Group. 
C.,:Hi, 3-Methyl-A1:3-menthadiene (Rzap and Watrers), 2169. 


11 II- 
C.:H,N, 2:3-Pyrrolo(4’:5’)-quinoline (Rosrnson), 2949. 
C,,H,,N 2:3-Dimethylquinoline, preparation of (PLANT and RossER), 1864. 
C,,H,.0, 4-Hydroxy-2:5-dimethylcinnamic acid (Clemo, HawortH, and Wat- 
TON), 2377. 
CHiN B-2:4-Dimethylphenylpropionitrile (CLEmo, HawortH, and WALToy), 


C11H.0, 4-Methoxy-2:5-dimethylacetophenone (CLEmo, HawortTH, and WALTON), 
2376. 


CirHs 1. cycloPentane-l-acetone-l-malonic acid dilactone (QupRAT-I-KHUDA), 
19. 


C,,H,,0, 2:4-Dihydroxy-w-3:6-crimethoxyacetophenone (BAKER, Nopzv, and 
Rosinson), 79. 
C11H 005 aggre. ptaeane cp panama tangas (Dickins Hvueu, and 
on), 576. 
C,,H,,0; cycloPentane-l-acetone-l-malonic acid (QupRAT-I-KnupDa), 719. 
C,,H,,0; cycloHexane-l-acetone-l-acetic acid, and its silver salt (QupRAT-I- 
KuupA), 717. . 
C,,H,,0, Ethyl Ag-butenylmalonate (Eccorr and LinsTgap), 2163. 
C,,H,,0,; «-Carboxy-y-acetyl-88-diethylbutyric acid (QupRaT-I-KuvuDA), 1918. 
C,,H,.N Anhydromethyl-lupanine, and its salts (CLemo and Rapsr), 1926. 
1-Ethoxycyclohexylacetone (Kon and LinsTEapD), 1276. 
Acid, from cutin, and its silver salt (Lecce and WHEELER), 2446, 
0. Ethyl hydrogen 88-diethyl glutarate, silver salt (QupRAT-I-KuvDA), 


Acetyl methylrhamnoside (HaAworTH, Hirst, and MILuER), 2475. 
1-2-Carbomethoxy-3:4:6-trimethylmannonic acid (HaworTH and PzAt), 


J Anhydrodihydromethyl-lupanines, and their salts (CLEMo and Rape), 
193 . , 


4:8-Dimethylnonoic acid (H&ILBRON and THompson), 891. 
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FORMULA INDEX. 


fi Ill 
C,,Hi0ON, 3-Formamidoquinaldine (RoBrnson), 2949. 
C,,H100.N, Nitrodihydropentindoles (PLANT), 2495. 
C,,H,;,0,N -Methylallyl p-nitrobenzoate (BuRToN), 456. 
0::H1,0.N 5-Nitro-2:3-dimethoxycinnamic acid (CHAKRAVARTI and PERKIN), 
194 


¢,,H.NS Penthienoindole (BENNETT and WADDINGTON), 2830, 
C1,Hy05Ns Ethyl 3-cyano-1:6-dimethyl-2-pyridone-4-carboxylate (BARDHAN), 


10- aoe: hydroxytetrahydropentindole (PLANT), 2496. 
C,,H.0,N, 6:7-Dimethoxyisatin semicarbazone (GULLAND, RosINnson, Scorr, 
and THORNLEY), 2933. 

O,H,,0.N 1-Keto-6-methoxy-2-methyltetrahydroisoquinoline (GULLAND and 
VIRDEN), 1798. 

C,,H,30,N, cycloPentanone nitrophenylhydrazones (PLANT), 2495, 

C,,H;;0;N 3:4:5-Trimethoxyphenylacetonitrile (BAkER and Rogrnson), 157. 

C,,H,,;0,N 5-Amino-2:3-dimethoxycinnamic acid (CHAKRAVARTI and PERKIN), 
195. 


C,,H,,ON, N-Benzoylpiperazine (MoorE, Boye, and THorn), 46. 

C,,H,,0,N, Diacetyl-o-aminomethylaniline (PHILLIPS), 2824. 

C,,H,4O.S 4-Phenylpenthian-4-ol oxides (BENNETT and WADDINGTON), 2834, 

C,,H,,OS 4-Phenylpenthian-4-ol (BENNETT and WADDINGTON), 2831. 

C,,H,,0;S Sulphone from phenylpenthianol (BennETT and WavpINGTon), 2882. 

C,,H,,N.Cl, S-Aminoethylquinolinium chloride hydrochlorides (SzsHapRI), 2953. 

C,,H,,N.Br, 8-Aminoethylquinolinium bromide hydrobromides (SzsHapn1), 
2953. 


C,,H,,N.S Penthianone phenylhydrazone (BENNETT and WADDINGTON), 2830. 

C,,H,,ON 6-Methoxy-2-methyltetrahydroisoquinoline, and its hydriodide (Gut- 
LAND and VIRDEN), 1798. 

C,,H,,0,N 1-Hydroxy-6-methoxy-2-methyltetrahydroisoquinoline (GULLAND and 
VIRDEN), 1797. 

C,,H,;0,N 3:4:5-Trimethoxyphenylacetamide (BAKER and Rosinson), 158. 

C,,H,;CIS Phenyl e-chloroamyl sulphide (BENNETT, HeATHCOAT, and Mossgs), 
2569. 


C,,H,,OS Phenyl e-hydroxyamy! sulphide (BenNETT and Heatucoar), 274. 
Phenylpentamethylenesulphonium hydroxide, salts of (BENNETT, HEATHCOAT, 

and Mossss), 2570. 

C1H,,0,N5 cycloPentanespir ocyclo-3-hydroxy-6-cyano-3-methyl-5-piperidone 
(QupRaT-I-KHupDA), 719. 

C,,H,,NCl 2:6-Dimethyl-1:2:3:4-tetrahydroquinoline hydrochloride (PLant and 
KosskER), 1865. 

C,,H,,ON Substance, from J/-piperitone and potassium cyanide (Reap and 
WATTERS), 2172. 

C,,H,,0,N Ethyl a-cyano-y-acetyl-88-dimethylbutyrate (QupRaAT-I-KHUDA), 205. 

C,,H,,0,N, 6-Hydroxy-2-keto-3-cyano-6-methyl-4:4-diethylpiperidine (QupRaT- 
I-KHUDA), 1918. 

C,,H,,ON, cycloHeptenylacetone (HucH, Kon, and MircHE 1), 1439. 

C,,H,,0,N, cycloPentane-l-acetone-l-acetic acid semicarbazone (QUDRAT-I- 
Kuupa), 720. 

C,,H,,0;N, a-Carboxy-y-acetyl-8-methyl-8-ethylbutyric acid semicarbazone 
(QupRAT-I-KuvupDA), 1916. 

Cri Hlas0.Ns Ethyl 4-carbethoxypiperazinoacetate (Moorz, Borie, and Txorn), 
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11 ITI—12 II FORMULA INDEX. 
C,,H,,0,N,; 1-Methoxycyclohexylacetone semicarbazone (Kon and Linsreap), 
1276. 


C,,H,,0N 4:8-Dimethylnonamide (HerLBron and Tompson), 891. 
Triethy]-a-ethoxyallylamine, picrate of (INcoLD and RorusTeErn), 12. 
C,,H,,0P Ethyltri-n-propylphosphonium hydroxide, and its salts (FENTON and 
INGoLp), 2351. 


11 IV 
C,,H,,NBrS 8-Bromopenthienoindole (BENNETT and WADDINGTON), 2830. 
C,,H,,0N,S 1-Imino-2-acetyl-3:5-dimethyl-1:2-dihydrobenzthiazole (HUNTER and 
PRIDE), 944. 
C,,H,,0,N,Cl Chlorodinitrophenylpiperidines (Groves, TuRNER, and Snanp), 
521. 


C,,H,,0N,Cl 8-Aminoethylquinolone hydrochlorides (SrsHADR!), 2954. 
C,,H,,0,N,Cl 1-8-Aminoethyl-6-hydroxy-2-quinolone hydrochloride (SzsHapnz), 
2956. 


C,,H,,0,N,;S Penthianone-p-nitrophenylhydrazone (BENNETT and WaDDINGTOn), 
CiH,N.Brs Penthian-p-bromophenylhydrazone (BENNETT and WADDINGTOoy), 


6,,H,,ONI 6-Methoxy-3:4-dihydroisoquinoline methiodide (GuLLAND and 
ViIRDEN), 1797. 

C,,H,,ONI, 6-Methoxy-3:4-dihydroisoquinoline methiodide periodide (GuLLAyp 
and VIRDEN), 1797. 

C,,H,,0ONI, 6-Methoxy-3: 4-dihydroisoquinoline methiodide periodide (GuLLAND 
aud ViRDEN), 1797. 

C,,H,,0ON,Cl, 8B Acsinortiny-4-hylvorpeuineliniom chloride hydrochloride 
(SESHADRI), 2955 

C,,H,,ON,S Acetyl-m-xylylthiocarbamide (Hunrer and Pripe), 944. 

C,,H,,0,N,S N-p-Toluenesulphonylpiperazine (Moorz, Boyz, and THory), 46. 

C,,H,,0,N.S, 1-Amino-3:5-dimethylbenzthiazole methosulphate (Hunter and 
Prive), 946. 

C,,H,,0;NAs Ethyl N-phenylalanine-4-arsinate (Gisson, JouNnson, and Leviy), 
483. 


di. N-o-Tolylalanine-5-arsinic acid methyl ester (G1sson and Levin), 2760. 
C,,H,,ON,Cl, 8-Ethoxybenziminazolylethylamine dihydrochloride (CHATTERJEE), 
2968. 


C,,H,,NC11 Chlorolupinine methiodide (CLEmo and Rarsr), 1934, 


11 V 
C,,H,,0ON,Br,S 1-Acetamido-3:5- -dimethylbenzthiazole hydrotribromide (HuntsE# 
and Pripg), 944. 


C,, Group. 
C,:H,) 3-Ethyl-4'*-menthadiene (READ and Watrexs), 2170. 


12 Il 
C..H,,0, Piperic acid, hydrogenation of (LEBEDEV and YAKuBcHIK), 220. 
C,2H,.N, 2:3-(2’-Methylpyrrolo)(4’:5’)-quinoline (Roprnson), 2949. 
C,,H,,.Se, Diphenyl diselenide, parachor of (HENLEY and SucpEN), 1063. 
C,,.H,,N Benzylpyridines, and their nitrates (BRYANs and Pyman), 550. 
C,,H,,0, Phenylacetylacetone-o-carboxylic acid (HuRTLEY), 1871. 
C::H,,0, 6-Methoxy-4:7-dimethyl-a-hydrindone (CLzEmo, HaworTu, and WaAl- 
TON), 2378 
y-Phenyl-a-methylallyl acetate (Burton), 457. 
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FORMULA INDEX. 12 II—12 Ill 


C,3H,40; 4-Methoxy-2:5-dimethylcinnamic acid (CLEmo, Hawortn, and WAL- 
2 


N); 


CysH,sN 2:3:4:5:6:13-Hexahydro-a-quinindene (Buount, Perkin, and PLan7), 
1985. 


C,3HisCl + y-Chlorophenyleyclohexane (Mayzs and TuRNER), 502. 

C,,H,sBr p-Bromophenyleyc/ohexane (MAvEs and TURNER), 503. 

C,:HisI p-Iodophenyleyclohexane (Mayes and TuRNER), 503. 

CrsH60 cycloHexane-1-acetone-1-malonic acid, dilactone of (QupRaT-I-KuuUDA), 


C..H,,0, 8-4-Methoxy-2:5-dimethylphenylpropionic acid (CLEMO, HawortH, and 
WALTON), 2377. 
Ci2Hyg0, Methyl 8-3:4-dimethoxyphenylpropionate (CHILD and Pyman), 2014. 
C::H,,0, 8-p-Hydroxyphenylgalactoside (ROBERTSON), 1821. 
C,.Hi,N 4°). trans-Decahydronaphthalene-2-acetonitrile (Rao), 1964. 
C,2H;,0; cycloHexane-1-acetone-1-malonic acid (QupRAT-I-KuupDA), 716. 
C,2HigN, 2:4-Diaminophenylcyclohexane (Mayes and TURNER), 505. 
C.2HigP Phenyldi-n-propylphosphine (Davies, Pearss, and JongEs), 1264. 
CizH203 Methyl cyclohexane-1-acetone-l-acetate (QUDRAT-I-KHUDA), 718. 
C,.H20, Ethyl a-acetyl-8-methylglutarate (Burton and INGoLD), 2030. 
C,2H..0, Fructose-diacetone, constitution of (ANDERSON, CHaRLTon, and Haw- 
ORTH), 1337. 
Glucose-diacetone, constitution of (ANDERSON, CHARLTON, and Hawokrrs), 
1329. 
C,.2H2.0, Ethyl y-acetyl-88-diethylbutyrate (QuDRAT-I-KuUDA), 1919. 
Ethyl 1-ethoxycyclohexylacetate (Kon and LinsTEAD), 1282, 
C.2H..0, Butyl racemates (CAMPBELL), 1113. 
C,,H,,0,, Lactose, compound of, with lime (MACKENZIE and QUIN), 963. 
Maltose, compound of, with lime (MACKENZIE and QUIN), 962. 
Sucrose, compounds of, with baryta, lime, strontia, and potassium chloride 
(MACKENZIk and Quin), 956. 
C,,H,,0 3-Ethylmenthan-3-ol (READ and WarTrTeErs), 2170. 
Hexahydro-y-ionone (HEILBRON and THOMPsON), 888. 
C,,H,,0, Hexoic acid, zinc salt (HaworrH), 1460. 
C,,H,,P Tri-n-butylphosphine (Davirs and Jongs), 34. 
Tritsobutylphosphine (Davis, PEARSE, and JONEs), 1265. 


12 Ill 


C,,H,NC], Hexachlorodiphenylamine (CHAPMAN), 571. 

C,,H,OCI, 2:4:4’:-Trichlorodipheny! ether (Groves, TuRNER, and SHarp), 520. 

C,.H,O,N, Quinoxaline-2:3-dicarboxyimide, acetyl derivative (CuaTTAWAY and 
HuMmpPaHREy), 648. 

C,,H,O,N, 7-Nit:o-3-carboline-3-carboxylic acid (GULLAND, RoBINsoN, Scort, and 
THORNLEY), 2941. 

C,,H,0,N, Trinitrodiphenyls (GuLL and TurNER), 495, 

C,,H,NCl, Tetrachlorodiphenylamines (CHAPMAN), 571. 

C,,H,OI, 4’:4’-Di-iododipheny! ether (ScaARBoRUUGH), 2367. 

C,,H,O,N, Nitrobenzoylpyridines (BryYANs and Pymay), 551. 

C,,H,O,N, 2:4-Dinitrodiphenyl (Guu and TURNER), 496. 

C.zH,NC!}, 2:4:6-Trichlorodiphenylamime (CHAPMAN), 571. 

C,,H,CIBr 4-Chloro-4’-bromodipheny! (Groves and TurNER), 511. 

C,,H,Br,As, 4:4’-Dibromoarsenobenzene (HAYTHORNTHWAITE), 1014, 

C,zH,OI 4-Iododipheny] ether (ScaRBoROUGH), 2367. 
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12 Ill FORMULA INDEX. 


C,,H,0,N, Nitroaceto-8-naphthalide (BELL), 2785. 

C,,H,,0Se Diphenyl selenoxide, parachor of (HENLEY and Svapan); 1064, 

C.2H:,0,N, 3-p-Nitrobenzylpyridine, and its picrate (BrYANs and TURNER), 
552. 


C,,H,;,0,N, 3-Nitro-4-aminodiphenyl ether (ScARBoROvVGR), 2366. 

C,,H,,.N,Br, Dibromo-2:2’-diaminodiphenyls (Lz Fivre), 736. 

C,,H,.ClAs Diphenylchloroarsine, parachor of (HeNLEY and SucDEN), 1063. 

CisH,0N 4-Acetamidodiphenyl ether, and its hydrochloride (ScarBoRovex), 
365. 


Ketotetrahydroquinindenes (BLOUNT, PERKIN, and PLANT), 1982. 
Phenylmethylpyridones (BARDHAN), 2228. 
C,,H,,0,N 5-Cyano-2:3-dimethoxycinnamic acid (CHAKRAVARTI and Perkin), 
195. 


C,.H,,0,N, 8-Nitro-5-acetamido-6-methoxyquinoline (BALDWwrn), 2961. 
C,,H,,0N, 3-Acetamidoquinaldine (Roprnson), 2949. 
C,3H,,0,N, 5-Acetamido-6-methoxyquinoline (BaLpwiy), 2961. 
2-Ketomethoxy-2:3:4:5-tetrahydro-8-carbolines (BARRETT, PERKIN, and Rosix. 
son), 2944. 
C,,H,,;ON 5-Keto-2:3:4:5:6:13-hexahydro-a-quinindenes (BLouNT, PERKIN, and 
PLANT), 1984. 
C,.H,;0,N cycloPentanone-2-carboxyanilide (BLouNT, PERKIN, and Ptanz), 
N-8-Phenylethylsuccinimide (CHILD and PymAn), 2014. 
C,.H,,;0,N,; 8-Amino-5-acetamido-6-methoxyquinoline (BALDWIN), 2961. 
C,,H,;0;N 8-Methoxyindole-3-propionic acids (BARRETT, PERKIN, and Rosinsoy), 
2944. 


C,.H,,0,N Methyl 5-nitro-2:3-dimethoxycinnamate (CHAKRAVARTI and PERKIN), 
194, 


C,:H,,0,N, Ethoxybenziminazole-2-propionic acid (CHATTERJEE), 2967. 

C,2H,,O,N, a-Cyano-2-nitro-3:4-dimethoxystilbene (GULLAND, Haworrs, Vin- 
DEN, and CALLow), 1673. 

2:4-Dinitrophenylcyclohexane (Mayxs and TURNER), 504. 

C,.H,,0,N, 2-Nitro-4-ethoxysuccinanilic acid (CHATTERJEE), 2967. 

C,:H,;ON -Hexenoic anilides (Eccorr and LinsrEap), 2162. 

C,,H,,;0,N 0-Nitrophenylcyclohexane (Mayes and TuRNER), 504. 

C,,H,,0,N, Ethoxybenziminazole-2-propionamide (CHATTERJEE), 2968. 

C,.H,,;0,;N, §8-Methoxyindole-3-propionic hydrazides (BARRETT, PERKIN, and 
KoBINsoN), 2944. 

CisH1,0,Ns Onebethony-so-niteobensadimethylomidexime (Brapy and Pgaxi), 


Cates i labs (Brapy and Pgaxrn), 2271. 
C,,H,,0,N p-Nitrobenzoyloxydimethoxypropane (FAIRBOURNE), 1152. 
C,,H,,0S 4-Benzylpenthian-4-ol- (BENNETT and WappINGTON), 2832. 

C,.H Ms 0O.Ns a-Cyanomethylceyclohexane-1 :1-diacetimides (KANDIAH and LinsTEAD), 


2-Nitro-4-aminophenyleyclohexane (MayzEs and TuRNER), 505. 
C,.H,,0,S 4-Benzylpenthian-4-ol oxides (BENNETT and WADDINGTON), 2835. 
CisH.0 sN, -Benzoyl-N*-carbethoxyethylenediamine (Moorr, Bortz, and 
HORN), 50. 
C12H, 60,8 Sulphone from 4-benzylpenthian-4-ol (BENNETT and WADDINGTON), 


CisHs.N.Ch, y-Aminopropylquinolinium chloride hydrochlorides (SrsHApDR!), 
4. 
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FORMULA INDEX. 12 IlI—12 IV 
C::HisN.Br, y-Aminopropylquinolinium bromide hydrobromides (SEsHADRI), 
2954. 


C.2H,,0,N 8-4-Methoxy-2:5-dimethylphenylpropionamide (CLEm0, Haworrtn, 
and WALTON), 2378. 

C,,H,,N,Cl 4-Chloro-2:5-diaminophenyleyclohexane (Mayzs and TuRNER), 508. 

C,,H,,0,N, cycloHexanespirocyclo-3-hydroxy-6-cyano-3-methyl-5-piperidone 
(QupRaT-I-KuupDA), 716. 

a-Hydroxyphenylethyldimethylamines, methylurethanes of (E.and E.StepMan), 6. 

Ci2H1,0;Ns cycloPentane-l-acetone-l-malonic acid semicarbazone (QuDRAT-I- 
Kuupa), 719. 

Ci2H03N, Ethyl a-cyano-y-acetyl-88-dimethylbutyrate semicarbazone (QUDRAT- 
1-KuupDA), 205. 

C,2H2,0;N; cycloHexane-1-acetone-1-acetic acid semicarbazone (QuDRAT-I-KHUDA), 
718. 


Methy! cyclopentane-1-acetone-1-acetate semicarbazone (QuDRaAT-I-KHUDA), 720. 
C,,H.,0,Br Ethyl a-bromo-8-isopropylglutarate (GrBson and Simonsen), 1078. 
C,,H,,0,;N, «-Carboxy-y-acetyl-88-diethylbutyric acid semicarbazone (QUDRAT-I- 
Kuvpa), 1918, 

C:2H..0,N, Ethyl 4-carbethoxypiperazino-8-propionate (MoorE, Borie, and 
THORN), 49. 

C,:H.,NCl Chlorodimethyl-lupinines (CLEmo and Raper),'1934. 

C::H,,NI y-Anhydromethyl-lupinine methiodide (CLEMo and Rargr), 1936. 

C,,H,;0,N, 1-Ethoxycyclohexylacetone semicarbazone (Kon and LinstEap), 1276. 

C,.H,Br,Se, Tetramethylene-ad-biscycloselenibutane 1:1-dibromide (MoRGAN and 
BursTALtL), 1101. 

C,,H,,ON, 4:8-Dimethylnonaldehyde (HEILBRON and THompson), 892, 

C,,.H,,OP Tri-n-butylphosphine oxide (Davies and Jongs), 34. 

C,,H,.BrP Tetra-n-propylphosphonium bromide (DAviEs, PEARSE, and Jonzs), 
1264. 


12 IV 
C,,H,O,N,Cl, 2:4:4’-Trichloro-5:2’:5’-trinitrodiphenyl ether (GRovEs, TURNER, 
and SHarp), 521. 
C,,H,O,NC], 4:5:2’:4’-Tetrachloro-2-nitrodiphenyl ether (GrovEs, TuRNER, and 
SHarp), 523. 
CuHO.N,Cl, Trichlorodinitrodiphenyl ethers (Groves, TURNER, and SHArp), 
20. 


C,,H,O,N,Cl, 2:4-Dichloro-5:2’:4’-trinitrodiphenyl ether (Groves, TURNER, and 
SHarp), 518. 

C.,H;NBr;As Pentabromo-5:10-dihydrophenarsazine (ELson, Gipson, and JoHN- 
SON), 1087. 

C,,H,O,NCl,  Trichloronitrodiphenyl ethers (Groves, TURNER, and SHarp), 520. 

C,.H,O;N.Cl, 2:4-Dichloro-2’:4’-dinitrodiphenyl ether (Groves, TURNER, and 
SHarp), 518. 

C,,H,ONCI, 4:5:2’:4’-Tetrachloro-2-aminodiphenyl ether (Groves, TuRNER, and 
SHarp), 524. 

CisH,O.NCl, 4:5-Dichloro-2-nitrodiphenyl ether (Groves, TURNER, and SHARP), 

23. 


C,.H,0,NBr, Dibromonitrodiphenyl ethers (ScaRBoROUGH), 2365. 
C,,H,0,.Br,As, 3:3’-Dibromo-4:4’-dihydroxyarsenobenzene (HAYTHORNTHWAITE), 
1014. 


C,.H,O,NCl 4’-Chloro-3-nitrodiphenyl ether (ScaRBOROUGH), 2365. 
C,,H,O,NBr 4’-Bromo-3-nitrodiphenyl ether (ScAaRBOROUGH), 2366. 

C,.H,O,NI 4-Iodo-4’-nitrodiphenyl ether (ScARBoROUGH), 2364. 

C,,.H,0,N,Br, 2:4-Dibromo-3’-nitro-4’-aminodipheny] ether (SCARBOROUGH), 2367. 
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12 IV 


C,.H,0,N,S m-Nitrobenzenesulphon-o’p’-dinitroanilide (BELL), 2789. 
C1sH,ONCI, 4:4’-Dichloro-2-aminodiphenyl ether (Groves, TURNER, and Swarp), 
19. 


FORMULA INDEX. 





C,,H,ON,Cl, 2:4:4’-Trichloro-5:2’-diaminodiphenyl ether (Groves, TURNER, and 
SHarp), 521. 

C,,H,OCI,I 4-Iododipheny] ether dichloride (ScanBoRroveH), 2367. 

C,,H,0;N,Cl 4’-Chloro-3-nitro-4-aminodiphenyl ether (ScaRBoRovGH), 2365. 

C,.H,0,;N,Br 4’-Bromo-3-nitro-4-aminodiphenyl ether (ScARBOROVGH), 2366. 

C,,.H,O,N,I 4’-Iodo-3-nitro-4-aminodiphenyl ether (ScARBOROUGH), 2366, 

C,.H,O,N,Cl Ethyl hydrogen 6-chloroquinoxaliue-2:3-dicarboxylate (CHATTAWAY 
and HumMpHREY), 650. 

C,,.H,O,N,Br Ethyl hydrogen 6-bromoquinoxaline-2:3-dicarboxylate (CHATTAWAY 
and HuMPHREY), 650. 

C,,H,O,N,Br; Substance, formed in preparation of 3-bromo-2-nitrotoluene (Exsoy, 
Grsson, and JoHNson), 2741. 

C,.H,O,N,;S m-Nitrobenzenesulphonnitroanilides (BELL), 2788. 

C,,H,NCIAs 10-Chloro-5:10-dihydrophenarsazine (Grsson and JoHNsoN), 767, 
1229, 1478, 2743 ; (ELson, Grsson, and Jounson), 1080. 

C,,H,,ONI 4-Iodo-4’-aminodiphenyl ether (ScarnBoRovGH), 2366. 

C,,H,,0,Cl,Si Diphenoxydichlorosilicane (THompson and Kiprr1ne), 1177. 

C,.H,,0,;N;As N-Phenylbenztriazole-5-arsinic acid (BARBER), 474, 

CrsH00.NoAS 4’-Hydroxy-1-pheny]-1:2:3-benztriazole-5-arsinic acid (BARBER), 
474, 


C,,H,,.N.Br,As, Dibromodiaminoarsenobenzenes (HAYTHORNTHWAITE), 1014. 

C,.H,,0;N,As 2-Nitrodiphenylamine-4-arsinic acid (BARBER), 473. 

C,.H,,0,N.As 2-Nitro-4’-hydroxydiphenylamine-4-arsinic acid (BARBER), 474. 

C,.H,,0,N,AS 2-Amino-4’-hydroxydiphenylamine-4-arsinic acid (BARBER), 474, 

C,,H,,0,N,S, 4:4’-Diaminodiphenylene dihydrogen 3:3’-disulphate (BURKHARDT 
and Woop), 150. 

C,,H,,0,;N,AS 2-Aminodiphenylamine-4-arsinic acid, and its hydrochloride 
(BARBER), 473. 

C,.H,,0,NS 2-Phenyliminomethyleyclopentanone-4’-sulphonic acid (BLovNt, 
PERKIN, and PLANT), 1986. 

C,,H,;0,N,Cl] 4-Chloro-2:5-dinitrophenyleyclohexane (Mayzs and TuRNER), 505. 

C,.H,,ON,S 1-Acetylimino-2:3:5-trimethyl-1:2-dihydrobenzthiazole (HUNTER and 
PRIDE), 945. 

C.,H,,0,NC] 4-Chloro-2-nitrophenyleyclohexane (MayEs and TURNER), 505. 

C,,H,,0,;N,AS 2:4’-Diaminodiphenylamine-4-arsinic acid (BARBER), 475. 

C,.H,,0,N,Cu Dianilinocupric nitrite (Kine), 2597. 

C,,H,,0N,Cl y-Aminopropylquinolone hydrochlorides (SesHADRI), 2954. 

C,.H, s0.N,Cl 1-8-Aminoethy]-6-methoxy-2-quinolone hydrochloride (SzsH ADR), 
2956. 


1-y-Aminopropy]-6-hydroxy-2-quinolone hydrochloride (Sz—sHapDRI), 2958. 
C,,H,,ONC] -y-Chloroisohexoic anilide (LinsrzaD), 2509. 
C,.H,,ON,Cl, 8-Aminoethyl-6-methoxyquinolinium chloride hydrochloride (Szs- 
HADRI), 2955, 
y-Aminopropy]-6-hydroxyquinolinium chloride hydrochloride (SEsHADRI), 2957. 
C,,.H,,0,NBr 8-3-Bromo-4-methoxy-2:5-dimethylphenylpropionamide (CLEMO, 
HAWoRTH, and WALTON), 2378. 
C,.H,,0,N.S 1-o-Nitro-p-tuluenesulphonylpiperidine (Groves, TuRNER, and 
SHARP), 517. 
C,,H,,0N;Cl, 8-8-Aminoethylamino-6-methoxyquinoline dihydrochloride (BALD- 


WIN), 2962. 
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C,:Hi;OIS 4-Phenyl-1-methylpenthian-4-olsulphonium a-iodide (BENNETT and 

ARP), WADDINGTON), 2837. 

C,2H,,0,NS _1-p-Toluenesulphonylpiperidine (Grovzs, TurNER, and Suarp), 517. 

, and C:2H1,0,N.S N-Toluenesulphonyl-N’-carbethoxyethylenediamine (Moork, Boyt, 
and THorRN), 50. 

C12H,0.NAS dl-N-o-Tolylalanine-5-arsiuic acid ethyl ester (G1nson and LEvrn), 
2760. 





C,,H,ONI a-Methoxyphenylethyldimethylamine methiodides (E. and E. Step- 


MAN), 612. 
WAY C,,H,,;NCII Chloromethyl-lupinine methiodides (CLEmo and Rarer), 1934. 
C,,.H,,0,P.Ba Barium di-n-propyl phosphate (PLIMmMER and Burcn), 295. 
WAY 12 V 


C,,H,O,.NBr,As Tetrabromophenarsazinic acid (ELson, Gisson, and JoHNson), 
1088. 


C,,H,0,CIBrS 4-Chloro-4’-bromodiphenylsulphone (Groves and TurRNER), 510, 

, C,.H,O,;NCI,I 4-Iodo-4’-nitrodipheny] ether iodochloride (ScarBorovGR), 2364. 

87, C,,H,O,N.S,K, Potassium azobenzene 2:2’-disulphate (BURKHARDT and Woop), 
150. 


CsH.O.NSK Rion dihydroxybenzeneazophenyl sulphate (BURKHARDT and 
oop), 147. 
C,:Hi90.N,Br,As, 5:5’-Dibromo-3:3’-diamino-4:4’-dihydroxyarsenobenzene (Hay- 
R); THORNTHWAITE), 1014. 
C,.H,,0,N,S,As Di(carboxymethyl) 5-acetamido-2-hydroxyphenylthioarsinite 
(BARBER), 1023. 
C,.Hi90,N.S,K, Potassiam 4:4’-diaminodipheaylene 3:3’-disulphate (BURKHARDT 
and Woop), 151. 
’ C,,H,;0;N.S,AS Di(carboxymethyl) 4-carbamylmethylaminophenylthioarsinite 
DT (BARBER), 1023. 
C,.H,,0;N,;S,AS Di(8-carboxy-8-aminomethyl) 3-amino-4-hydroxyphenylthio- 
de arsenite (BARBER), 1023. 12.-Vi 


T C,,.H,O,N.CIBrS 4-Chloro-4’-bromo-3:3’-dinitrodiphenylsulphone (Groves and : 
, TURNER), 511. ; 
q C.; Group. 
C:3H,) Fluorene, condensation of acetone with (MAITLAND and TucKER), 2559. 
C,,;H,, 3-n-Propyl-A'-menthadiene (READ and WATTERS), 2170. 
13 II 
C,;H,0, 2’:4’-Dihydroxydipheny]-2-carboxylic lactone (HurTLEY), 1872, 
C,,;H,,0, 4-Acetoxy-2:5-dimethylcinnamic acid (CLEmMo, HAworTH, and PERKIN), 
2377. . 
h B-4-Methoxy-2:5-dimethylbenzoylacrylic acid (CLEMo, HAwoRTH, and WALTOoN), 
2382. 
C,;H,,0, p-cycloHexylbenzoic acid, and its sodium salt (Mayes and TuRNER), 
507. 


2-Hydroxystyryl isobutyl ketone (HEILBRON and IRVING), 941. 
1-Keto-7-methoxy-5:8-dimethyl-1:2:3:4-tetrahydronaphthalene (CLEemo, Haw- 
ORTH, and WALTON), 2381. 
; C,;H,,0, 8-4-Methoxy-2:5-dimethylbenzoylpropionic acid (CLzmo, Haworrs, 
and WALTON), 2381. 
C,;H,,0, 2-Carboxy-trans-decahydronaphthalene-2-acetic anhydrides (Rao), 
1966. 





-4-Methoxy-2:5-dimethylphenylbutyric acid (CLEMo, HaAworrH, and WALTON), 
2381, 
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C,3H,,0, Ethyl 8-3:4-dimethoxyphenylpropionate (CHILD and Pyman), 2014, 

C,;H,,0, 8-p-Anisylgalactoside (RopERTson), 1822. 

C.3H,,0, 2:3-Diacetyl-a- and -8-ethylglucofuranoside 5:6-carbonates (Haworty 
and PorTER), 2803. 

C,3H,,N a-trans-Decahydronaphthylidene-2-propionitrile (Rao), 1965. 

C,,;H,,.0, 2-Carboxy-trans-decahydronaphthalene-2-acetic acids (Rao), 1965. 

C,3H,,P p-Tolyldi-n-propylphosphine (DAvizs, Pearsg, and Jonzs), 1264. 


13 Ill 


C,,;H,0OCl, 3:5-Dichlorobenzophenone (WaTERs), 2108. 
C,,;H,OBr, 3:5-Dibromobenzophenone (WarERs), 2109. 
C,;H,0I, 3:5-Di-iodobenzophenone (WATERs), 2111. 
C,;H,0,N, 3:5-Dinitrobenzophenone (WarTsRs), 2110. 
C,;H,0O,N, Diphenyl-4-carboxylic acid (GuLL and TurNER), 498. 
C,3;H,0,N, a-Dinitrostyrylpyridine (BENNETT and Pratt), 1467. 
C,sH,0,N, Dinitrobenzylidene-p-aminophenol (BENNETT and Pratt), 1466, 
C,sH,NS, 2-Thio-1-phenyl-1:2-dihydrobenzisothiazole (McoCLELLAND, WaARnrEv, 
and JACKSON), 1585. 
C,;3H,BrMg Magnesium 9-fluorenyl bromide, action of, on acetone and diacetone 
alcohol (MAITLAND and TucKER), 2559, 
C13H,00,;N, 3-Nitro-5-aminobenzophenone (Warers), 2110. 
C:sH,oN,S N’-1-Thiocarbonyl-2:2’-diaminodiphenyl (Le Fixvre), 736. 
C,;3H,,0;N,; p-Hydroxybenzaldehyde p-nitrophenylhydrazone (Hopeson and 
Cooper), 234. 
Nitroso-4-nitrophenylbenzylamine (REILLY, DrumM, and CREEDON), 643. 
C,,;H;,0N 9-Keto-5:6:7:8:9:10-hexahydrophenanthridine (BLounT, PERKIN, and 
PLANT), 1986. 
C,;H,,0,;N 8-2-Carboxy-6-methoxyindole-3-propionic acid (BARRETT, PERKIN, and 
Rosinson), 2945. 
C,,;H,,0,Br, 2:6-Dibromo-1-keto-7-methoxy-5:8-dimethy]-1:2:3:4-tetrahydronaph- 
thalene (CLeEMo, HAwWorTH, and WALTON), 2381. 
C,3;H,,0N 8-Methylsorbanilide (Burton and INcoLp), 2029. 
C,,H,;0,N cycloHexanone-2-carboxyanilide (BLounT, PERKIN, and PLANT), 1986. 
C,3H,;0,N Methyl §8-methoxyindole-3-propionates (BARRETT, PERKIN, and 
Kosinson), 2944. 
2-Oximino-1-keto-7-methoxy-5:8-dimethyl-1:2:3:4-tetrahydronaphthalene (CLEMo, 
HawortTH, and WALTON), 2382. 
C,;H,,0,Br «-Bromo-8-4-methoxy-2:5-dimethylbenzoylpropionic acid (CLEMO, 
HawortTH, and WALToN), 2382. 
C,3H,;0,N Glucofuranose 5:6-carbonate anilide (HaworTH and PorrEr), 2806. 
C,;H,;,0;N, Methyl ethoxybenziminazole-2-propionate (CHATTERJEE), 2968. 
C,;H,,ON x-Hexenoic p-toluidides (Eccorr and Linstgap), 2162. 
C,;H,,0,N Tetra-acetyl /-xylononitrile (DEvLoFEv), 2459. 
C,;H,,0,N Acetyl-8-4-methoxy-2:5-dimethylphenylethylamine (CLEMo, Haworrt#, 
and WALTON), 2379. 
2-Carboxy-trans-decahydronaphthalene-2-acetimides (Rao), 1966. 
CisH,,0,N Methyl 8-4-methoxy-2:5-dimethylphenylethylcarbamate (CLEMO, 
HawortTH, and Watton), 2379. 
C,;H,,0,N 2:3-Dimethyl xylose anilide (Hampron, HAwortH, and Hrrsv), 


C,,H,,N,Cl, 8-y-Aminopropylamino-6-methylquinoline dihydrochloride (Ba.p- 
WIN), 2964. 


C,:3H,0,N 2-Carboxy-trans-decahydronaphthalene-2-acetamic acid (Rao), 1967. 
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CisHe10sNs cycloHexane-l-acetone-l-malonic acid semicarbazone (QUDRAT-I- 
KuupA), 717. , 

C,;HesIP Phenylmethyldi-n-propylphosphonium iodide (Davis, PEARSE, and 
JONES), 1264. , 
C,;H_303N, Methyl cyclohexane-1l-acetone-l-acetate semicarbazone (QUDRAT-I- 

KuupDA), 718. 
C,;H_,0,N, Ethyl 4-carbethoxypiperazino-y-butyrate (Moor, Boy.e, and THoRN), 
49. 


C,3H_,03N, Ethyl y-acetyl-88-diethylbutyrate semicarbazone (QupRaT-I-KHUDA), 
1919. 


C,;H.,ON Triethyl-a-hydroxyallylamine, salts of (INcoLp and RorustEty), 13. 
C,;HgIP Methyltri-n-butylphosphonium iodide (Davies and Jonxs), 34. 
C,;Hs,0P Tri-n-propyl-n-butylphosphonium hydroxide, and its salts (FENTON and 
INGOLD), 2351. 
13 IV 


C,;H,0,N,Cl, 2:4-Dichloronitrophenyl m-nitrobenzoates (Groves, TURNER, and 
SHARP), 521. 

C,;H,0,N,Br, Dinitrobenzylidene-3:5-dibromoaniline (BENNETT and Pratt), 
1466. 


C,;H,OCIBr 4-Chloro-4’-bromobenzophenone (Groves and TurNnER), 509, 
C,;H,O,NCl 3-Chlorobenzoquinone-4-oxime benzoate (Hopcson and KERsHAW), 
1556. 


C,3H,0,;NI 5-Iodo-3-nitrobenzophenone (WATERS), 2110. 

C,sH,0,N,Cl Dinitrobenzylidene-m-chloroaniline (BENNETT and Pratt), 1466. 

C,;H,0O,N,I Dinitrobenzylidene-p-iodoaniline (BENNETT and Pratt), 1466. 

C,;3H,0,N,S  5:4’-Dinitro-1-anilinobenzthiazole (Dyson, Hunter, and SoyKa), 
464, 


C,;H,0,N,;F Fluorodinitrohydroxybenzaldehyde p-nitrophenylhydrazones (Hope- 
son and Nrxon), 1636. 

C,sH,NCl,S 5:4’-Dichloro-l-anilinobenzthiazole, and its hydrobromide (Dyson, 
Hunter, and SoyKA), 463. 

C,,H,N,Br,S 5:4’-Dibromo-1-anilinobenzthiazole and its hydrobromide (Dyson, 
Hunter, and SoykKa), 460. 

C,,H,N,Br,S 5:4’-Dibromo-1-anilinobenzthiazole hexabromide (Dyson, HunTER, 
and SoyKA), 462. 

C,sH,N,I,S 5:4’-Di-iodo-l-anilinobenzthiazole (Dyson, Hunter, and SorKa), 


C,;H,N,F,S 5:4’-Difluoro-l-anilinobenzthiazole (Dysoy, Hunter, and SoyKA); 
464. 


C,sH,ONCI, 3:5-Dichlorobenzanilide (WArERs), 2108. 
3:5-Dichlorobenzophenone oximes (WATERS), 2108. 
C,;H,ONI, 3:5-Di-iodo-4-aminobenzophenone (Warers), 2110. 
C,;H,O,N,F Fluorodinitrohydroxybenzaldehyde phenylhydrazones (Hopeson and 
Nixon), 1636. 
yi ni prem me. a p-nitrophenylhydrazones (HopGson and Nixon), 


C,sH,N,CIS 4’-Chloro-1-anilinobenzthiazole (Dyson, HUNTER, and SoyKa), 463. 
C,,H,N,BrS 4’-Bromo-1-anilinobenzthiazole (Dyson, HunTER, and SoyKa), 462. 
CsHN,Br,S s-Di-p-bromophenylthiocarbamide (Dyson, HunTER, and SoyKa), 


C,s3H,,ONBr 3-Bromo-4-aminobenzophenone (WATERS), 2109. 

C,;3H,,ONI 3-Iodo-4-aminobenzophenone (WATERS), 2109. 

C,;H,ON,AS, p’-Arseno(diphenylcearbamide) (EVERETT), 676. 
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C,3H,00,N;F Fluorohydroxybenzaldehyde p-nitrophenylhydrazones (Hopeson and 
Nrxon), 1635. ' 
Fluoronitrohydroxybenzaldehyde phenylhydrazones (Hopason and N1xon), 1636, 
C,3H,.0,C1,S 2:4-Dichlorophenyl p-toluenesulphonate (Groves, TuRNER, and 
SHarRp), 516. 
CisH,oN.Br.S 1-Anilinobenzthiazole hexabromide (Dyson, HuNTER, and Soyxa), 


C,;H,.N,SAs, pp’-Arseno(diphenylcarbamide) (EvERETT), 675. 

C,;H:oN,S,AS, Diphenylthiocarbamide-pp’-arsenic sesquisulphide (EVERETT), 675, 

C,;H,,0,;N,AS 1-Phenylbenziminazole-5-arsinic acid (PHILLIPs), 2823. 

C,;H,,0,N,As Nitromethylphenarsazinic acids (G1sson and JoHnson), 1247. 

C,;H,,0,N;S p-Toluenesulphon-op’-dinitroanilide (BELL), 2789. 

C,;H,,0,N,AS 2’-Carboxy-2-nitrodiphenylamine-4-arsinic acid (BARBER), 475. 

C,,H; oe 10-Chloro-3-methyl-5:10-dihydrophenarsazine (Gipson and Jouy- 
son), 779. 

10-Chloro-4-methyl-5:10-dihydrophenarsazine (GiBson and JoHNson), 2748. 

ara 10-Bromo-3-methyl-5:10-dihydrophenarsazine (G1Bson and Joun- 
son), 781. 

C,;3H,.0,NAs Methylphenarsazinic acids, and their hydrochlorides (G1Bson and 
JoHNsON), 780. 

C,;H,,NIS Methylnaphthathiazole methiodides (HAmER), 2601. 

C,;3H,,N,ClAs 10-Chloro-4-amino-7-methyl-5:10-dihydrophenarsazine, and its 
hydrochloride (GiBson and JoHNson), 1248. 

C,;H,;0,N,AS Aminomethylphenarsazinic acids (Grsson and JoHNnson), 1248, 

C,;H,,0;N,AS Nitromethyldiphenylamine-6’-arsinic acids (G1BsoN and JoHNsoy), 
1246 ; (ELson, Gipson, and Jonson), 2742,- 

C,;H,,0.NBr 2-Bromo-n-amylphthalimide (BALDWIN), 2963. 

C,;H;,0;NAs 3-Methyldiphenylaminearsinic acids (G1sson and JonNson), 779. 

C 1sHs0,N,Cl 1-y-Aminopropyl-6-methoxy-2-quinolone hydrochloride (SESHADRI), 


C,3H,,0ON,Cl, y-Aminopropyl-6-methoxyquinolinium chloride hydrochloride 
(SESHADRI), 2957. 

C,;H,,ONS Methyl e-hydroxyamyl sulphide phenylurethane (BENNETT and 
HEATHCOAT), 274, 

C,;sH,,0N;Cl, | 8-y-Aminopropylamino-6-methoxyquinoline dihydrochloride 
(BALDWIN), 2962. 

C,;3H,,0,NS Ethyl 3-hydroxybutyl sulphide phenylurethane (BENNETT and 
HEATHCOAT), 273. 

C,;H,,0,N,S 5-Dimethylamino-1:2-dimethylbenziminazole methosulphate (Pat- 
LIPs), 2825, ; 

C,;H,,0;N,Br 3:5-Dimethylxylonic acid p-bromophenylhydrazide (Hamproy, 
Haworrs, and Hirst), 1749, 

C,3H,,0,N,I a-Hydroxyphenylethyldimethylamines, methylurethane methiodides 
of (E. and E. STEDMAN), 616. 

13 V 


C,;H,O;N,BrF Fluorobromonitrohydroxybenzaldehyde p-nitrophenylhydrazones 
(Hopeson and Nixon), 1637. 

C,;H,0,N,Cl,S 2:4-Dichloro-5-nitrophenyl o-nitro-p-toluenesulphonate (GROVES, 
TURNER, and Saarp), 516, 

C,;H,ONBrI 38-Bromo-5-iodo-4-aminobenzophenone (WATERS), 2111. 

C,;H,0;N,BrF Fluorobromohydroxybenzaldehydes' §_p-nitrophenylhydrazones 
(Hopeson and Nixon), 1637. 

Fluorobromionitrohydroxybenzaldehyde phenylhydrazones (Hopeson and Nrxon), 


1637. 
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C,sH,O;NCI,S 2:4-Dichloro-3-nitropheny! p-toluenesulphonate (GRovEs, TURNER, 
and SHARP), 522. 

C,;H,.ON,BrF Fluorobromohydroxybenzaldehyde phenylhydrazones (Hopcson 
and Nixon), 1637. 

C,:H100.N.ClAs 10-Chloronitromethyl-5:10-dihydrophenarsazines (GiBsoN and 
JOHNSON), 1247; (ELson, Grsson, and JoHNsoNn), 2742. 

C,3H:,0,N,Cl,As Nitromethyldiphenylamine-6’-dichloroarsines (GiBsoN and 
JOHNSON), 1247; (ELson, Gipson, and JoHNsON), 2742. 

C,;H,.0,N,BrAs 10-Bromonitromethyl-5:10-dihydrophenarsazines (GiBsoN and 
JvHNSON), 1249. 

C,;H,,0,N.Br,As Nitromethyldiphenylamine-6’-dibromoarsines (GrBsoN and 
JOHNSON), 1255. 

C,3H,,O0;NCI,S  2:4-Dichloro-8-aminophenyl p-toluenesulphonate (GROVEs, 
TURNER, and SHarp), 522. 

C:3H120;N,C1,S  § 2:4-Dichloro-5-aminophenyl o-amino-p-toluenesulphonate 
(GRovEs, TURNER, and SuHarp), 516. 

C,3H,,0,N,SAs, Diphenylthiocarbamide-pp’-diarsinic acid (EVERETT), 676. 


C,, Group. 
C,4H,,0; 2’-Hydroxy-4’-methoxydiphenyl-2-carboxylic lactone (HURTLEY), 1873. 
C,,H,90, Benzoylhydroperoxide, oxidation of a-terpinene with (ELSON, GIBSON; 
and SiMONSEN), 2732. 
7-Hydroxy-1-methoxyxanthone (RoBERTSON and Warers), 2243. 
C,,H,.N, 1-Phenylphthalazine (AccaARWAL, DArBarI, and RAy), 1945. 
C,4H;20, 2:5-Dihydroxyphenyl benzyl ketone (BAKER and Eastwoop), 2905. 
C,,H,,O, 2-Hydroxy-4-methoxydiphenylmethane (SHorT and Stewart), 559. 
CuHlNe 8-Ethyl-1:2:4-triazole-5-azo-8-naphthylamine (REILLY and MADDEN), 
16. 


C,,H,;N 0-Tolyltolylamines (Grpson and Jounson), 2748. 

C,,H,,.0,; -Benzylidene-a-isopropylacetoacetic acid (HEILBRON and IRVING), 941. 

C,,H,,0, Ethyl o-carboxyphenylmalonate (HuRTLEY), 1872. 

C,,H,,0, 3:6-Dicarbethoxy-A*-tetrahydrophthalic anhydride (FARMER and 
WARREN), 904. 

C,,H,,0, Norsantonous acid (CL—Emo, HawortTH, and WALTON), 2384. 

C,4H,,0; 8-4-Methoxy-2:5-dimethylphenylethylmalonic acid (CLemo, HawortH, 
and WALTON), 2380. 

C,,Hg90, Decahydronaphthalene-2:2-diacetic anhydrides (Rao), 1962, 1968. 

C,,4H23P Phenyldi-n-butylphosphine (Davis and Jonzs), 34. 

Phenylditsobutylphosphine (Davies, PEARSE, and Jonzgs), 1265. 
C\,H..0, Decahydronaphthalene-2:2-diacetic acids (RAO), 1962, 1968. 


14 III 

C,,H,O,Br, 1:3-Dibromo-2-hydroxyanthraquinone (HARDACRE and PERKIN), 185. 
C,,H,0;Br 1-Bromo-2-hydroxyanthraquinone (HARDACRE and PERKIN), 186. 
C,,H,O,[ 3-Iodo-2-hydroxyanthraquinone (HARDAOCRE and PERKIN), 188. 
C,,H,0,N, Dinitrophenanthrene (CALLow and GuLLAND), 2425. 
C,,H,O,N 3-Amino-2-hydroxyanthraquinone (HARDACRE and PERKIN), 189. 
C,,H,O,N; Nitro-1-phenylphthalazine (AccaRWAL, Darspart, and RAy), 1945; 

(RAy), 2661. 
C,,H,0,Cl Chlorohydroxyanthranol (HaRDACRE and PERKIN), 188. 
C,,H,O,I 2-Iodo-3-hydroxyanthranol (HARDACRE and PERKIN), 190. 
C,,H,O,F 2-Fluoro-4-hydroxybenzaldehyde benzoate (Hopason and Nixon), 1635. 
C,,.H,NS Thionaphthindole (McCLELLAND), 1588. 
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C,4H;,0,S 2-Methoxythioxanthone, and its perchlorate (RosERTs and Smrzzs), 
869. 


C,4H,,0;S Hydroxymethoxythioxanthones (RopErts and Sm1uEs), 1325. 

C,,.H:,0,AS, Arsenopyrocatechol methylene ether (BALABAN), 1090. 

C,4H,,0,S 1-Hydroxy-4-methoxythioxanthone dioxide (RopERTs and Smrzxs), 
1325. 


C,,H,,0CI Desyl chloride, displacement of chlorine from (WARD), 1541. 

C,4H,,0,N, Benzaldehyde p-nitrobenzoylhydrazone (DANN and Davies), 1054. 
m-Nitrobenzaldehyde benzoylhydrazone (AGGARWAL, DARBARI, and RAy), 1945. 

C,,H,,0,N, 1:6-Dinitroaceto-8-naphthalide (BELL), 2785. 

C,,H,,NS, 2-Thio-1-benzyl-1:2-dihydrobenzisothiazole (McCLELLAND, WARREN, 

and JACKSON), 1585. 

C,,H,,ON, Cyanophenylethylpyridones (BARDHAN), 2229. 

C,4H;,0,S 2’-Carboxy-4-methoxydipheny] sulphide (RosErts and SmriEs), 867, 

C,,H,,0,N, 3-Nitro-4-acetamidodiphenyl ether (ScanBoRoUGH), 2366. 

C14H,,;0N, 3-Ethyl-1:2:4-triazole-5-azo-8-naphthol (RemLLy and MADDEN), 816. 

C,4H,,ON, s-Benzoylbenzylhydrazine (AGGARWAL, DarBarli, and RAy), 1945. 

CiH,0,Te Di-4-hydroxydi-2-methyldiphenyl telluride (MorGAN and BurcEss), 


C,4H,,0;N, -Azoxyanisole, preparation of (Davies and Down), 586. 
Cis eOuNs Ethyl] quinoxaline-2:3-dicarboxylate (CHATTAWAY and Humpurey), 
47. 


p-Nitrobenzoyl derivative of 2-aminomethylcyclopentane-1-carboxyl-lactam 
(MENON and SrmonsEn), 305. 


C14H.C1,Si Di-p-tolylsilicon dichloride, preparation of (STEELE and Krpptns), 
2546. 


C,,H,,TeI 1-Phenyl-p-tolylmethyltelluronium iodide, resolution of (Lowry and 
GILBERT), 2867. 

C,.H,,ON Diphenylhydroxyethylamines, optically active, and their salts (READ, 
CAMPBELL, and BARKER), 2305. 

C,4H,,;ON, 4-Amino-2-acetamidodiphenylamine (PHILLIPs), 2822. 

©14H,,0.N BB8-Di-(4-hydroxyphenyl)ethylamine (Hanincron and McCartney), 


Ethyl dihydropentindole-8-carboxylate (PLANT), 2497. 
CisHs ON, Ethyl 10-nitro-9-hydroxytetrahydropentindole-8-carboxylate (PLANT), 
497, 


Ci4H,,0,N N-8-Veratrylethylsuccinimide (Cu1LD and Pyman), 2015. 
Cy44H,,0,N -y-o-Carbethoxyaminobenzoyibutyric acid (PLANT), 2498, 

Ci4H,,0N, 8-n-Butylamino-6-methoxyquinoline (BALDWIN), 2961. 

CreH20,Ne Dimethylquinoxaline derivative of - dimethylglyoxime (H&NDERSON), 


C,.H,,0,;N, Ethyl 4-benzoylpiperazine-l-carboxylate (Moorz, Boyix, and 
THorN), 45. 

C,.H,,ON p-Acetylaminophenyleyciohexane (Mayes and Turner), 504. 

C,,H,,0,N Decahydronaphthalene-2:2-diacetimides (RAO), 1962, 1968. 

C,,4H,IP p-Tolylmethyldi-n-propylphosphonium iodide (Davies, Prarsg, and 
JONES), 1264. 

CraHas ON, Trimethyl-y-lyxonolactone phenylhydrazide (HAworTH and Lows), 


2:3:4-Trimethyl-3-xylonic acid, phenylhydrazide of (Hawortu and Lone), 349. 
C,,H,,OP 8-Phenylethyltriethylphosphonium hydroxide, and its picrate (FENTON 
and INGoLD), 2353. 
C,,H;s,IP Ethyltri-n-butylphosphonium iodide (Davis and Jonzs), 34. 
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14 IV 
C,4H,O.N,Cl, V-2:4-Dichloro-5-nitrophenylphthalimide (Groves, TuRNER, and 
SHarpP), 518. 
C,,H,O,NCI, V-2:4-Dichlorophenylphthalimide (Groves, TuRNER, and SHarp), 
518. 


C,,H.N.S.AS, pp’-Dithiocarbiminoarsenobenzene (EVERETT), 675. 

C,,HsN2S;As, pp’-Dithiocarbiminophenylarsenic sesquisulphide (EVERETT), 674. 

C,,H,0,CIS 1-Chloro-4-methoxythioxanthone (RoBERTs and SMILEs), 869. 

C,,Hi0.N,AS, 5:5’-Arseno-(2:3-dihydrobenziminazolone) (EVERETT), 676. 

CiH1oO.NBrs 2:4-Dibromo-8’-nitro-4’-acetamidodiphenyl ether (ScARBOROUGH), 
2367. 


C,sHioN,S,AS, 5:5’-Arseno-(2-thiolbenziminazole) (EVERETT), 676. 

C,,H,,0,NBr, 2:4-Dibromo-4’-acetamidodipheny] ether (ScaARBoROUGH), 2367. 

Ci4H:,0,NI, 88-Di-(3:5-di-iodo-4-hydroxyphenyl)ethylamine (HARINGTON and 
McCarTNEY), 895. 

C,4H,,0,N,Cl 4’-Chloro-3-nitro-4-acetamidodiphenyl ether (ScaARBOROUGH), 2365, 

C,,.H,,0,N,Br 4’-Bromo-3-nitro-4-acetamidodiphenyl ether (ScarBoRovGH), 
2365. 


C.s4H,,0,N,I 4’-Iodo-3-nitro-4-acetamidodiphenyl ether (ScARBOROUGH), 2366. 
C,,H,,0,NC1] 4-Chloro-4’-acetamidodiphenyl ether (ScaRBoRoUGH), 2365. 
C,,H,;,0,NBr 4-Bromo-4’-acetamidodiphenyl ether (ScaRBOROUGH), 2365. 
C,4H,,0,NI 4-Iodo-4’-acetamidodipheny] ether (ScaRBoROUGH), 2366. 
C,,H,,0,N.Cl, 3:3’-Dichloro-p-azoxyanisole (Davies and Down), 587. 
C,,H,,0,N,F Fluoromethoxybenzaldehyde p-nitrophenylhydrazones (Hopason and 
N1xon), 1638. 
CuH,0.NsAs, 6:6’-Diaminoarsenopyrocatechol methylene ether (BALABAN), 
1091. 


C,.H,,0N,F  2-Fluoro-4-methoxybenzaldehyde phenylhydrazone (Hopcson and 
Nrxon), 1639. 

C,,H,,0,N,As N-Phenyl-2-methylbenziminazole-5(6)-arsinic acid (BARBER), 474. 

C,,H,,0,N,Cl Ethyl 6-chloroquinoxaline-2:3-dicarboxylate (CHATTAWAY and 
HUMPHREY), 650. 

C,,H,,0,N.Br Ethyl 6-bromoquinoxaline-2:3-dicarboxylate (CHATTAWAY and 
HUMPHREY), 650. 

C,,H,;0,N,P Di-p-nitrodibenzylphosphinic acid (CHALLENGER and Peters), 2616. 

C,,H,;0,N.As Di-p-nitrodibenzylarsinic acid (CHALLENGER and PEreRs), 2618 

C,4H,,;0,N,As Dinitro-2-acetamidodiphenylamine-4-arsinic acid (BARBER), 475. 

ag 10-Chlorodimethy]-5:10-dihydrophenarsazines (Grnson and JoHN- 
SON), 2749. 

ny 10-Bromodimethy1-5:10-dihydrophenarsazines (Grsson and JoHN- 
SON), ’ 

C.4H,,ONCI] 8-Phenoxyethyl-p-chloroaniline (PEzAcocK, BHATTACHARYA, and 
Rao), 1927 

C,,H,,0,NAS Dimethylphenarsazinic acids (Gipson and JonNnson), 2749. 

C,,H,,0,N,As 2-Nitro-3’-acetamido-4’-hydroxydiphenylamine-4-arsinic acid 
(BARBER), 475. 

C4H..0,Cl,Te Di-o-hydroxyditolyl telluridichlorides (MorGAN and Burcgss), 


C,,H,,0,N,;As 2-Nitro-4’-acetamidodiphenylamine-4-arsinic acid (BARBER), 475. 
C,,H,,NIS Methylnaphthathiazole ethiodides (HAmER), 2602. 

C,,H,;0,N,As 2-Acetamidodiphenylamine-4-arsinic acid (BARBER), 474. 

Cull, ,0.NAs Dimethyldiphenylamine-6’-arsinic acids (Gipson and JoHNsoN), 
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14 IV—15 II FORMULA INDEX. 


C,,H,,0,N,As 2-Amino-4’-acetamidodiphenylamine-4-arsinic acid (BARBER), 475, 

C,,H,,0;N,;As 2-Amino-3’-acetamido-4’-hydroxydiphenylamine-4-arsinic acid 
(BARBER), 475. 

C,,H,,0,N,Cu Di-p-toluidinocupric nitrite (Kine), 2597. 

C,,H,.0,N,S Ethyl 4-p-toluenesulphonylpiperazine-1-carboxylate (Moore, Boyzz, 
and THorN), 46. 

C,,H,,0N,Cl, 8-y-Aminopropylamino-6-ethoxyquinoline dihydrochloride (Batp. 
WIN), 2964. 

14 V 


C,,.H,0,N.S,As, 4:4’-Arseno-(1-thiobenzoxazolone) (Everetr), 676. 

C,,H,;0,N,S,As Di(carboxymethyl) 8-acetamido-3-hydroxy-1:4-benzisooxazine. 
6-thioar-inite (BARBER), 1023. 

C,,H,,0;N,S,As Di(carbamylmethyl) 8-acetamido-3-hydroxy-1:4-benzisooxazine- 
6-thioarsinite (BARBER), 1023. 

C,.H,,0;N,S,As Di(S-hydroxyethyl) 8-acetamido-3-hydroxy-1:4-benzisooxazine- 
6-thioarsinite (BARBER), 1024. 

C,,H,.0,NS,As Di(carbethoxymethy]) 4-aminophenylthioarsenite (BARBER), 1022. 

Ciel ON SCu Benzoylhydrazine copper sulphate (AGGARWAL, DaRPARI, and 

Ay), ’ 


C:; Group. 


C,;H,,.0, 7:8-Dihydroxyflavone (VENKATARAMAN), 2222. 

C,;H,o0,; Anthragallol 1-methyl ether (PexKrn and Story), 1417. 
1-Hydroxy-7-acetoxyxanthone (ROBERTSON and WarTeERs), 2242. 

C,sH,.0, 5:7:2’:4’-Tetrahydroxyflavone (RopINsON and VENKATARAMAN), 66. 
5:7:3’:4’-Tetrahydroxy-3-phenylcoumarin (BAKER), 1598. 

C,;H,.0, Morin (+ H,0), synthesis of (Roprnson and VENKATARAMAN), 64, 

C,;H,,0, Gossypetin, synthesis of (BAKER, Nopzv, and Rosrnson), 74. 
Quercetagetin, synthesis of (Baker, Nopzu, and Roxsrwson), 74. 

C,sH,,0 Methyl-9-anthrones (BARNETT and Goopway), 1757. 

CisHi40s 4-Hydroxy-2-methoxyphenyl benzyl ketone (Baker and Rosrnsoy), 


w-m-Methoxyphenoxyacetophenone (BAKER, PoLLARD, and Roptnson), 1470. 
C,;H,,0, 2:4-Dihydroxypheny! p-methoxybenzyl ketone (BAKER and Eastwoop), 
2902. 


2’:4’-Dimethoxydiphenyl-2-carboxylic acid (HuRTLEY), 1873. 
C,;H,;N Dimethyl-9-fluorylamine, and its picrate (INcoLD and Jessop), 2361. 
C,;H,,O p-Tolyl-o-tolylearbinol (Hatr), 1631. 
C,;H,,0, y-Phenoxy-a-phenylisopropyl alcohol (Boyp and VINEALL), 1622. 
C,;sH,,0, y-4-Methoxy-2:5-dimethylbenzoylpropane-af-dicarboxylic anhydride 
(CLEMO, HAworTH, and WALTON), 2384. 
C,;H,.,0, Santonin, constitution of (CLeEmo, HawortuH, and Watton), 2368. 
C,;H,,0, 1-Keto-7-methoxy-5:8-dimethyl-1:2:3:4-tetrahydronaphthyl-2-acetic acid 
(CLemo, Hawortu, and WALTON), 2384. 
C,;H,,0, -4-Methoxy-2:5-dimethylbenzoy]propane-a8-dicarboxylic acid (CLEMO, 
HaworrtTH, and WALTON), 2384, 
C,sH.».O; §§7-Methoxy-5:8-dimethyl-1:2:3:4-tetrahydronaphthyl-2-acetic acid 
(CLEmo, HawortH, and WaLTon), 2384. 
dl-Santonous acid, synthesis of (CL—Emo, Haworts, and Watton), 2368. 
C,sH»O, 8-4-Methory-2:5-dimethylphenylethylsuccinic acid (CLEmMo, HaworTH, 
and WALTON), 2384, 


C,;H,,0, d-8-Octyl salicylate (RULE, Mines, and MacGrILuivray), 2279. 
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FORMULA INDEX. 15 II—15 Il 


1sHu05 Ethyl cyclopentane-1-acetone-1-malonate (QuDRAT-I-KHUDA), 719. 
(,;H,;Cl tsoClovene hydrochloride (HENDERSON, McCrong, and RoBERTSON), 
1371. 


1sH,sBP tsoClovene hydrobromide (HENDERSON, McCroneg, and RoBErRtTsoN), 
1 


(,;HasP p-Tolyldi-n-butylphosphine (Davies and Jongs), 35. 
p-Tolyldiisobuty] phosphine (Davies, PEARSE, and Jongs), 1265. 

(C,sH2,0 %soClovene alcohol (HENDERSON, McOrong, and Robertson), 1372. 

C,sH,,0; Ethyl a-carboxy-y-acety]-88-diethylbutyrate (QuDRAT-I-KHUDA), 1919. 

C,;H2s03 Acid, and its silver salt, from cutin (Lecc and WHEELER), 2454, 

C,sH2sN. -Piperidyl-lupinine (CLEMo and Rarer), 1938. 

C,;H;,Be Hexahydrofarnesyl bromide (HEILBRON and THompson), 890. 

(,sH3.0 Hexahydrofarnesol (HEILBRON and THompPson), 889. 

(,sHs3P Tri-n-amylphosphine (Davigs, PEARSE, and JonEs), 1265. 
Tritsoamy]phosphine (Davies, PzARSE, and JONES), 1267. 
Tri-(dl-8-methylbutyl)phosphine (Davies, PEARSE, and JonEs), 1266. 


15 Ill 
C,;H,0,;Br, 1:3-Dibromo-2-methoxyanthraquinone (HarpacrE and PERKIN), 
185. 


C,;H,O,.N, 2:4:4’-Trinitro-a-cyanostilbene (BENNETT and Pratt), 1468. 
C,;H,N,S 5:4’-Dicyano-l-anilinobenzthiazole, and its hydrobromide (Dyson, 
HunTER, and SoyKa), 464. 
C,;H,0,Br 1-Bromo-2-methoxyanthraquinone (HaRDAcRE and Perkin), 186. 
C,;H,0,[ 3-Iodo-2-methoxyanthraquinone (HARDACRE and Perkin), 188. 
'C,sH,90,N, 3:4-Dihydroxyquindoline, and its hydrochloride (GuLLAND, RoBIN- 
son, Scott, and THORNLEY), 2938, 
6:7-Methylenedioxy-1-phenylphthalazine (AGGARWAL, DaArBaRI, and RAy), 
1944, 
C,;H,,0,N, 2-Dinitrostyrylbenziminazole (BENNETT and Pratt), 1468. 
C,;H,,0,S 1-Hydroxy-4-acetoxythioxanthone (RoBERTs and SMILEs), 871, 
C,;H,,0,N Piperonylideneaminobenzoic acids (GULLAND, HAWORTH, VIRDEN, 
and CALLOw), 1674. 
Salicylidene-m-nitroacetophenone (LE FkvRE), 2774. 
C,;H,,ON, Methoxyphenylphthalazines (AccaRWAL, Darpari, and RAy), 1944. 
C,;H,.0.S Methoxymethylthioxanthones, and their salts (RoBERTs and SMILEs), 
869. 


C,;H,.0;N, Piperonaldehyde benzoylhydrazone (AGGARWAL, DARBARI, and 
kAy), 1944, 

C,;H,,0,S Dimethoxythioxanthones, and their salts (Roperts and SmMILEs), 
870, 1326. 

C,;H,,0;N, Dinitrobenzylidene-p-aminoacetanilide (BENNETT and Pratt), 
1467. 


C,;H,,0,.N, Anisaldehyde benzoylhydrazone (AGGARWAL, DARBARI, and Riy), 
1944, 


o-Methoxybenzaldehyde benzoylhydrazone (AGGARWAL, DarpaRI, and Riy), 

1945, 

C,sH,,0,N, s-Benzoy!-4:5-methylenedioxybenzylhydrazine (AGGARWAL, DARBARI, 
and RAy), 1944. 

C,;H,,0,S 2’-Carboxy-5-methoxy-2-methyldiphenyl sulphide (RosEerts and 
SMILEs), 868. 

CrsH1.40,8 2’-Carboxy-3:4-dimethoxydiphenyl sulphide (RopERTs and SMILEs), 
68, 


C,;H,,NCl N-2:4-Dimethylphenylbenziminochloride (G1sson and Jounson), 2747. 
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15 I1I—15 IV FORMULA INDEX, 


C,;H,,ON Benzylidene-p-methoxybenzylamine (INGoLD and SHorresr), 1202, 
p-Methoxybenzylidenebenzylamine (INGoLD and SHopPEs), 1202. 
CisH,,0.N a-Amino-88-diphenylpropionic acid (HARINGTON and McCarrtyzy) 
96. 


C,sH,;0,N «-Amino-88-di-(4-hydroxyphenyl)propionic acid (HARINGTON anj 
McCartney), 894. 

C,;H,,0,N, s-Benzoylmethoxybenzylhydrazines (AGGARWAL, DARpari, ani 
Ray), 1944. 


C,;H,,ON §-Phenoxyethyltoluidines (Peacock, BHATTAcHARYA, and Rao), 1995, 
C,;sH,,ON A*-cycloHeptenylacetanilide (HuGH, Kon, and MircHeux), 1438. 
cycloHeptylideneacetanilide (HucH, Kon, and MircHELL), 1487. 
a-A}-cycloHexenylpropionanilide (KANDIAH and LinsTEAD), 2149. 
C,sH,,0,N Ethyl 1-anilino-A'?-cyclohexene-2-carboxylate (BLOUNT, PERKIN, ani 
PLANT), 1986. 
C,;H,,0,Cl Ethyl a-chloro-8-4-methoxy-2:5-dimethylbenzoylpropionate (CLEMo, 
HaworrTH, and WALTON), 2383. 
C,;H,,0,Br Ethyl a-bromo-8-4-methoxy-2:5-dimethylbenzoylpropionate (CLEMo, 
HawortTH, and WALTON), 2382. 
C,;H,,ON, 8-n-Butylamino-6-ethoxyquinoline (BALDWIN), 2962. 
C,;H..0;N, Ethyl hydrogen a-ketoadipate p-methoxyphenylhydrazone (BARRgEm, 
PERKIN, and Rosrnson), 2943. 
C,;H,,0,N Ethyl trans-decahydro-8-naphthylidenecyanoacetate (RAo), 1963, 
C,;H,,0N, Benzoyl-y-2:3:5:6-tetramethylpiperazine (K1prine), 2896. 
CisHs0,N 1-B-Octyl aminobenzoates; (RULE, Mites, and MacGr.urvray), 
2279. 


1-sec.-B-Octyl anthranilate (Rutz, Mines, and MacGriuivray), 2278. 
C,;H,,0N, Oxysparteine, and its salts (CLemo and Rarer), 1939. 
C,;H,,0,N, /-Trimethyl rhamnonic acid phenylhydrazide (Avery and Hirst), 
2467. 


C,;H.,BrP Phenyltri-n-propylphosphonium bromide (Davigs, Perarsg, and 
JONES), 1264. 
C,;H..IP Phenylmethyldiisobutylphosphonium iodide (Daviss, PEARsz, ani 
JONES), 1265. 
Phenylmethyldi-n-butylphosphonium iodide (DAvigs and Jongs), 34. 


15 IV 
C,;H,.0,N,S 1-Anilinobenzthiazole-5:4’-dicarboxylic acid (Dyson, Hunter, ani 
SoyKa), 465. 
C,;H,.0,NCl Nitro-2-phenylbenzopyrylium perchlorates (Lz Fivnre), 2773. 
C,;H;,0,NBr, 3:5-Dibromo-4-acetamidobenzophenone (WATERS), 2109. 
C,;H,,0,NI, 88-Di-(3:5-di-iodo-4-hydroxypheny])-a-aminopropionic acid (HARING- 
TON and McCartney), 894. 
C,;H,,0,NBr 3-Bromo-4-acetamidobenzophenone (WaTERs), 2109. 
C, sH,0.N,As 1-Pheny]-2-a-hydroxyethylbenziminazole-5-arsinie acid (PHILLIPS), 


C,;H:,;0;N,;S Benzenesulphonyl-m-nitrobenzodimethylamidoxime (Brapy and 
PEAKIN), 2270. 

C,;H,;NCIAs 10-Chlorotrimethyl-5:10-dihydrophenarsazines (Grsson and JoHN- 
SON), 2753. 

C,;H,,0,NCl 3-Chlorobutyl-a-naphthylurethane (BENNETT and HEArTHCOAT), 
272. 


C,;H,;0N,Cl, 8-(2-Amino-n-amylamino)-6-methoxyquinoline dihydrochloride 
(BALDWIN), 2964, 
C,,;H,,0,N,S p-Toluenesulphonyltetramethylpiperazines (KipPine), 2895. 
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FORMULA INDEX, 15 V—16 II 


15 V 

C,;HwON,Cl,S Acetyl derivative of 5:4’-dichloro-1-anilinobenzthiazole (Dyson, 
HuNTER, and SoyKa), 463. 

C,sHioON2Br,S Acetyl derivative of 5:4’-dibromo-1-anilinobenzthiazole (Dyson, 
Hunter, and SoyKA), 461. 

C,;H,,0.NBr,I, 3’:5’-Dibromo-3:5-di-iodothyronine (Hantneton and MoCarr- 
NEY), 

C,;H1.0.N2Br,S Dibromo-5:4’-dimethoxy-1-anilinobenzthiazole (Dyson, HUNTER, 
and SoyKA), 465. 

C,;H:,0,NCIAs_ 2:4:7-Trimethylphenarsazinic acid hydrochloride (Gisson and 
JoHNsON), 2753. 


C,, Group. 


C,H, 3:9-Dimethylanthracene (BARNETT and Goopway), 1758. 
Dimethylanthracenes (MorGAN and Coutson), 2210, 2212. 
C,,H,,_ 9-isoPropylfluorene (MAITLAND and TUCKER), 2564. 
C,sHe 3-Phenyl-A':3-menthadiene (ReaD and WATTERs), 2170. 
16 II 
C,,H,0, Anthraquinone-2:7-dicarboxylic acid (MoRGAN and CouLson), 2211. 
C:¢H,0; 2-Acetylanthragallol (PERKIN and Story), 1414. 
1-Acetylpurpuroxanthin (PERKIN and Story), 1415. 
C,.H,,0, 2:7-Dimethylanthraquinone (MorGANn and CouLson), 2211. 
C,,H,20; 7-Methoxyisoflavone (BAKER, PoLLARD, and Rosinson), 1473, 
C,,H;,0; 7-Acetoxy-1-methoxyxanthone (RoBERTSON and WATERS), 2248. 
Anthragallol 1:2-dimethyl ether (PERKIN and Srory), 1410, 
C,.H,,0, 2-Methylirigenol (Baker and Rosinson), 159. 
C,.H:.N, 9-Phenanthrylaminoacetonitrile (CALLow and GULLAND), 2425. 
C,,H,,Br, 10-Bromo-9-bromomethylmethylanthracenes (BARNETT and Goopway), 
1759. 


C,,H:;Br 9-Bromomethy]-2-methylanthracene (BARNETT and Goopway), 1759. 
C,,H,,0 2-Methyl-9-anthranyl methyl ether (BARNETT and Goopway), 1758. 
3:4’-Dimethylbenzophenone-6-carboxylic acid (MorGAN and CovLson), 


C,6H,.03 
2558 


C,.H,.0, 3-Hydroxy-7-methoxyisoflavanone (BAKER, PoLLARD, and Rosrnson), 
1472. 


C,.H,,0, 0-Benzoylsyringic acid (Hzapr and Rosinson), 70. 

C,,H,,N, 2-Phenylnaphthylene-1:3-diamine, preparation and resolution of, and 
its salts (LEssLIE and TURNER), 1516. 

CH Br, 9-Bromofluorenyldimethylearbinyl bromide (MAITLAND and TUCKER), 


C,.H,;Br 9-Fluorenyldimethylcarbiny] bromide (MAITLAND and TucKER), 2563. 
C,,H,,0 Trimethylbenzophenones (MorGAN and CouLson), 2209. 


C,.H,,0, 2- and 4-Hydroxy-2-methoxy-6-methylphenyl benzyl ketones (BAKER 


and Roprnson), 161. 
CrsH1Oe 8:4-Dihydroxy-7-methoxyisoflavane (BAKER, POLLARD, and Rosinson), 
1472, 


Ethyl 4-phenyl-6-ethy]-a-pyrone-3-carboxylate (BARDHAN), 2229. 
rr a acid (BAKER, PoLLARD, and Rosinson), 
ie 


C,.<H,.0, a-1-Keto-7-methoxy-5:8-dimethyl-1:2:3:4-tetrahydronaphthyl-2-propi- 
onic lactone (CLEmo, HaworrH, and WALTON), 2386. 
C,.H..0, 3-4-Methoxy-2:5-dimethylbenzoylbutane-Sy-dicarboxylic acid (CLEMO, 
HawortH, and WALTON), 2385. 
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16 11—16 III FORMULA INDEX. 


C,,.H.,0, 4-Methoxystyry] »-hexyl ketone (HEILBRON and IRvING), 935. 
C,,H..0; «-(8-4-Methoxy-2:5-dimethylphenylethy])-a’-methylsuccinic acid 
(CLEMO, HaworTH, and WALTON), 2385. 

C,,H.,.0, Methyl trans-decahydronaphthalene-2:2-diacetate (Rao), 1962. 

C,,H,,.0, Ethyl cyclohexane-1-acetone-1-malonate (QupRAT-I-KuuDA), 717. 

C,,H.,P Phenyldi-n-amylphosphine (Davies, Pearsz, and Jonzs), 1266. 
Phenylditsoamylphosphine (Davigs, PEARSE, and JonzEs), 1267. 
Phenyldi-(d/-8-methylbuty])phosphine (Davigs, PEARSE, and JonEs), 1266. 

C,,H,,0, 8-d-Bornylgalactoside (RoBERTson), 1822, 

C,.H..N, Methylsparteine, and its salts (CLEmMo and RapER), 1938. 

1-Menthylgalactoside (RoBERTsON), 1822. 


16 III 

C,,H,O,Br, 1:3-Dibromo-2-acetoxyanthraquinone (HARDACRE and PERKIN), 185. 

C,,H,O,N, 10-Nitro-3:4-methylenedioxyquindoline (GULLAND, RoBINson, Scorr, 
and THORNLEY), 2937. 

C,,H,O,Br 1-Bromo-2-acetoxyanthraquinone (HARDACRE and PERKIN), 186. 

C,,H,O,I 3-Iodo-2-acetoxyanthraquinone (HARDACRE and Perk1n), 188. 

C,.H,,.0.N, 3:4-Methylenedioxyquindoline (GuLLAND, Rosinson, Scorr, and 
THORNLEY), 2936. 

C,,H,,0,N, Dinitrobenzylidene-6-aminoquinoline (BENNETT and Pratt), 1467. 

C,.H,,0,N, Acid, from oxidation of 3:4-methylenedioxyquindoline (GuLLayn, 
Kosinson, Scott, and THORNLEY), 2936. 

C,,H,,ON 14-Keto-7:14-dihydrobenzo-8-quinindene (BLouNT, PERKIN, and 
PLANT), 1983. 

C,.H,,0,N 3-Nitroalizarin dimethyl ether (PERKIN and Story), 1416. 

CoH, re Tetrabromophenyl-a-naphthylamine (ELson, Gipson, and Jonson), 


Ci¢H 9, 


C,.H,;,0,8 Acetoxymethoxythioxanthones (RoBERTs and Sm1ugs), 1825. 

C,,H,,0,,S Methylmyricetinsulphonic acid (HzAP and Rosinson), 70. 

C,.H,,;0,N 3-Aminoalizarin dimethyl ether (Perkin and Story), 1416. 

C,,H,,;0,Cl 0-Benzoylsyringyl chloride (HEAP and Rosrnson), 71. 

Orally O5Ns 6:7-Dimethoxy-1-phenylphthalazine (AGGARWAL, DARBARI, and 
Ay), } 


C,.H,,0,S 2:3:4-Trimethoxythioxanthone, and its salts (RopErTs and SmIzs), 
872. 


C,,H,;0;N «-m-Methoxyphenoxymethylmandelonitrile (Baker, PoLLARD, ani 
Koprnson), 1470. 

C,,H,,;0,N Ethyl quinaldinylacetoacetate (HaAmMMick and DicKtnson), 215. 

C,.H,;0,N,; Beuzoyl-m-nitrobenzodimethylamidoxime (Brapy and Peaxrn), 2270. 

C,,H,,0,N, Quinoxaline-2:3-dicarboxy-o-phenylenediamide (CHATTAWAY and 
HuMPHREY), 647. 

C1sH1.0,N2 Veratraldehyde benzoylhydrazone (AGGARWAL, DarBARI, and RAy), 

942. 


C,.H,,0,N, Diacetyldihydroxybenzidine (BURKHARDT and Woop), 152. 

C,.H,,ON 2:4:4’-Trimethylbenzophenoneoxime (MorGAN and CouLson), 2210. 

a a nm i ei acid (FARMER and War- 
REN), 908. 

C,.H,,0,N a-m-Methoxyphenoxymethylmandelamide (BAKER, Pottarp, and 
Rosinson), 1471, 

Ciel ON 8-Benzoyl-3:4-dimethoxybenzylhydrazine (AGGARWAL, DARBARI, and 

AY), 1 


Cc 16H,,ON Fluoryl-9-trimethylammoniam hydroxide, salts of (INGOLD and JEssoP), 
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C,,Hi902N, Decahydronaphthalene-2:2-dicyanoacet-w-imides (Rao), 1961, 1967. 
C,,H2O,N, Tetraethyl pyrazinetetracarboxylate (CHATTAWAY and HUMPHREY), 
651. 


C,,HaoN2Te 4:4’-Tetramethyldiaminodipheuy! telluride (Morcan and BursrAtt), 
1105. 


C,,H2,0.N, 5-Acetamido-8-n-butylamino-6-methoxyquinoline (BALDWIN), 2961. 

C,,H.;0N, Substance, from methyloxysparteine and cyanogen bromide (CLEMO 
and RAPER), 1940. 

C,,H,,0,.N Ethyl a-cyano-a-A**\1'2). ¢rans-decahydronaphthalene-2-propionate 
(Rao), 1964. 

CH220.Ns aa’-Dicarbamyldecahydronaphthalene-2:2-diacet-w-imides (RAO), 
1961, 


C,.H20N, Methyloxysparteines, and its salts (CLEMo and BAKER), 1939. 

C,,H.s0,N, ¢-Tetramethyl gluconophenylhydrazide (HaworTH and Pxat), 357. 

C,,H.,0;N; Ethyl cyclopentane-l-acetone-1-malonate semicarbazone (QUDRAT-I- 
KuupaA), 719 

C,,H2.BrP p-Tolyltri-n-propylphosphonium bromide (Davizs, PEarsE, and 
JONES), 1265. 
C,,H.,IP Phenylethyldi-n-butylphosphonium iodide (Davies and Jongs), 34. 
p-Tolylmethyldi-n-butylphosphonium iodide (Davies and Jongs), 35. 
p-Tolylmethyldiisobutyl phosphonium iodide (Davies, PEARSE, and JoNgs), 1265. 
C,,H.,0;N, Ethyl a-carboxy-y-acetyl-88-diethylbutyrate semicarbazone (QUDRAT- 
I-KHUDA), 1919. 

C,,H,,0,P Cetyl dihydrogen phosphate, and its metallic salts (PLIMMER and 
KuRCH), 280. 

C,,H,,1P Methyltritsoamylphosphonium iodide (Davies, Pkarsz, and JonEs), 
1267. 


16 IV 

C,,H,0.N,Cl, 6-Chloroquinoxaline-2:3-dicarboxy-p-chloro-o-phenylenediamide 
(CHATTAWAY and HuMPHREY), 649. 

C,,H,O.N,Br, 6- Bromoquinoxaline-2:3-dicarboxy-p-bromo-o-phenylenediamide 
(CaatTraway and HuMPHREY), 649. 

C,,H,0,.N;S m-Nitrobenzenesulphon-1:6:8-trinitro-8-naphthalide (BELL), 2786. 

C,,H,.0,N,S m-Nitrobenzenesulphon-1:6-dinitro-8-naphthalide (BELL), 2786. 

C,,H,,ONS N-Acetylthionaphthindole (McCLELLAND), 1592. 

C,,H,,0,N;S m-Nitrobenzenesulphon-8-nitro-8-naphthalide (BELL), 2786. 

C,;H,.20,N,S m-Nitrobenzenesulphon-8-naphthalide (BELL), 2786. 

C,,H,,0.N,Br, 5:5’:-Dibromo-2:2’-diacetamidodiphenyl (LE Fzvre), 736. 

C,,H,,0.N,As, 4:4’-Diacetamidoarsenobenzene (HAYrHORNTHWAITE), 1014. 

C,,H,,ONCI 0-Acetyl-1-isodiphenylhydroxyethylamine hydrochloride (Reap, 
CAMPBELL, and BARKER), 2311. 

C,,H,;,0,NCl «-Chloroamyl a-naphthylurethane (BENNETT and HeaTHCoAT), 273, 

C,,H,,0;N;As 2:4’-Diacetamidodiphenylamine-4-arsinic acid (BARBER), 475. 

C,.H,,0,.N,Cl Benzaldehyde-p-trimethylammonium chloride p-nitrophenylhydr- 
azone (HODGSON and CoopER), 234, 

C,,HapN.Cl.Te 4:4’-Tetramethyldiaminodipheny] telluridichloride (MorGAN and 
BurcEss), 1104. 

C,¢HapN,I,Te 4:4’-Tetramethyldiaminodiphenyl telluridi-iodide (MoreaNn and 
buRGEss), 1105. 

C,,H,.0,NCl Tetra-acety] glucosidyldimethylamide hydrochloride (BAKER), 1209. 


16 V 
CisH,O.N.SsNa, Sodium benzeneazo-3:6-disu]pho-8-naphthyl sulphite (K1N6), 
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16 V—17 ll FORMULA INDEX. 


C,.H,.0,N,S,Na, Sodium benzeneazo-6-sulpho-8-naphthy] sulphite (Krne), 607, 

C,.H,,0,;N,SK Potassium 2-hydroxynaphthaleneazopheny] sulphate (BuRKuARD; 
and Woop), 147. 

C,,H,,0,N.Br,As, 2:2’-Dibromo-4:4’-diacetamidoarsenobenzene (HAyrTHonry. 
THWAITE), 1014. 

C,,H,,0,N,Br,As, 5:5’- Dibromo-3:3’-diacetamido-4:4’-dihydroxyarsenobenzene 
(HayrHornrHwatrE), 1014. 

C,sH,,0,N,CIS _Cinnamaldehyde 2-chloro-5-nitro-p-toluenesulphonhydrazone 
(DANN and Davrigs), 1053. 

C,,H,,0,N,S,As Di-(8-carboxy-8-aminoethyl)-8-acetamido-3-hydroxy-1:4-benziso. 
oxazine-6-thioarsinite (BARBER), 1024. 


C,, Group. 
C,,H,, 2:3:6-Trimethylanthracene (MorGAN and CouLson), 2551. 
17 II 


C,7H,.0, Substance, from oxidation of 2:3:6-trimethylanthraquinone (Morcax 
and Covu.tson), 2556. 
CirHOs en acid (BAKER, PoLLaRD, and Rosiy- 
son), , 
C,,H,,0, Acetylanthragallol 2-methyl ethers (PERKIN and Story), 1409. 
C,,H,,.N, 2:3-(2’-Phenylpyrrolo)(4’:5’)-quinoline (Roprnson), 2950. 
C,,H,,0, Methyl-9-anthranyl acetates (BARNETT and Goopway), 1758, 
2:3:6-Trimethylanthraquinone (MorGAN and Covtson), 2555. 
C,,H,,0, Anthragallol trimethyl ether (PERKIN and Story), 1410. 
2-Ethylcarbonato-1-hydroxyanthrone (PERKIN and Story), 1418. 


C,,H,,0, 5:7-Dihydroxy-2’:4’-dimethoxyflavone (Ropinson and VENKATARAMAN), 
66. 


5:7-Dihydroxy-3’:4’-dimethoxy-3-phenylcoumarin (BAKER), 1599. 
C,,;H,,0, Syringetin (Hear and Rosrnson), 67. 
C,,H,,N, 3-Styryl-2-methylquinoxaline (BENNETT and WILLIs), 267. 
C,,H,,O 2:3:6-Trimethyl-9-anthrone (MoRGAN and CovLson), 2554. 
C,,H,,03; 3:4:3’-Trimethylbenzophenone-6’-carboxylic acid (MorcaNn and Covt- 
SON), 2558. 
C,,H,,0 2:4:5:4’-Tetramethylbenzophenone (MorGAN and Coutson), 2554. 
C,,H,,0,; Methyl a-m-methoxyphenoxymethylmandelate (BAKER, PoLLarD, and 
KoBInson), 1471. 
C,,H.0, Anhydrocatechin tetramethyl ether, preparation of (BAKER), 1596. 
C,,H,O Styryl n-octyl ketone (HEILBRON and Irvine), 936. 
C,,H,,0, /-Menthyl salicylate (RULE and MacGrL.ivrRay), 405. 
C,,H,,0, Ethyl 2-carboxy-trans-decahydronaphthalene-2-acetates (Rao), 1965. 
Ci,HgyP p-Tolyldi-n-amyl phosphine (Davies, Prarse, and Jones), 1266. 
p-Tolylditsoamylphosphine (Davizs, PzarseE, and Jones), 1267. 
p-Tolyldi-(di-8-methyl)butylphosphine (Davies, Pzarsg, and Jongs), 1266. 
C,,H,,0, 3:7:11-Trimethyltetradecoic acid (H&1LBRON and THompson), 892. 


17 Ill 
C,,H,,0;S Diacetoxythioxanthones (RoBERTs and Sm1Es), 871. 
C,;H,,ON, 3-Benzamidoquinaldine (Roprnson), 2950. 
C,,H,,0;N, 3-Nitro-5-diacetylaminobenzophenone (WATERS), 2110. 
C,,H,,0,N Ethyl o-benzamidophenylglyoxylate (CALLow and Hops), 1197. 
C,,H,.N;Cl Di-(p-cyanobenzy])methylamine hydrochloride (BAKER), 1206. 
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FORMULA INDEX. 17 I1I—18 11 


CizHigON 2:4:5:4’-Tetramethylbenzophenone oxime (MorcaN and’ CovLson), 
2554. 


C,H» 0,N, Phenyl-3-nitrobenzyl-n-butylamine (REILLY, DruMM, and CREEDON), 
643. 


C,,H»0,S p-Toluenesulphonylglucose-acetone carbonate (HAWORTH and PorTER), 
2801. 


C,;H.,0,N Ethyl 8-2-carbethoxymethoxyindole-3-propionates (BARRETT, PERKIN, 
and Rosinson), 2944. 

Ci2He30,N, 2:5-Dinitro-4-piperidinophenyleyclohexane (Mayes and TURNER), 
505. j 


C,7Hg;0,N 7-Menthyl aminobenzoates (RuLE and MacGriiivray), 406. 
C,,H,,0,N d-8-Octyl dimethylaminobenzoates (RULE, MILEs, and MacGILLIvRAy), 
2279. 


Ci;H2.0;Ns Ethyl cyclohexane-1l-acetone-l-malonate semicarbazone (QUDRAT-I- 
Kuna), 717. 
C,;HsoIP Phenylmethyldi-n-amylphosphonium iodide (Davizs, Pearse, and 
JoNnEs), 1266. 
Phenylmethyldiisoamylphosphonium iodide (DAvViEs, PEARSE, and JoNEs), 1267. 
Phenylmethyldi-(d/-p-methylbutyl)phosphonium iodide (DAvigs, PEARSE, and 
JONES), 1266. 
C,,H,,N,I N-Piperidyl-lupinine dimethiodide (CLEMo and Raper), 1938. 
C,,7Hs,0P Tri-n-propyl-n-octylphosphonium hydroxide, and its salts (FeNTon and 
INGOLD), 2352. 
17 IV 


C,,H,;0,NBr, 3:5-Dibromo-4-diacetylaminobenzophenone (WATERS), 2109. 
C,,7H,;0,NI, 3:5-Di-iodo-4-diacetylaminobenzophenone (WATERs), 2110, 
C,,H,;0,N;S p-Toluenesulphondinitro-8-naphthalides (BELL), 2786. 
C,,H,,0,N.S p-Toluenesulphonnitro-8-naphthalides (BELL), 2785. 


17 V 
C,,H,0,,N,S;Na, Sodium o-carboxybenzeneazo-3:6-disulpho-8-naphthyl sulphite 
(Kine), 608. 
C,,H,;0,NBrI 3-Bromo-5-iodo-4-diacetamidobenzophenone (WATERS), 2111. 


C;, Group. 


C,sH,,0, 1:3-Diacetylpurpurin (PERKIN and Story), 1415. 

C,,H,,0, 3:9-Diacetoxyanthracene (HARDAORE and PgRKIN), 187. 

C,sH,,0, Acetylanthragallol 1:2-dimethyl ether (PERKIN and Story), 1410. 

Ethylcarbonato-1-benzylidenecoumaran-2-one (PERKIN and Story), 1421. 

Croll, Anhydro-2:3-(2’-phenylpyrrolo)(4’:5’)quinoline methohydroxide (Rosin- 
SON), 2951. 

C,.H:;,0,; 7-Methoxy-2:5-dimethylisoflavone (BAKER and RoBrnson), 161. 

C,sH,,0, Morin 3:2':4’-trimethyl ether (RoBINSoN and VENKATARAMAN), 63. 

C,sH,,0, Myricetin 3’:4’:5’-trimethyl ether (HEAP and RoBinson), 69. 

C,sH,,Si Triphenylsilicane (Krerpinc and Murray), 364. 

C,.H,,0, Diacetyl-/-isohydrobenzoin (REap, CAMPBELL, and BARKER), 2314. 

C,sH,,0, 2:4:6-Trimethoxyphenyl 2-hydroxystyryl ketone (CULLINANE and 
PHILPoTT), 1765. 

C,sH,,0, 2:4-Dimethoxybenzoic anhydride (RoBINSON and VENKATARAMAN), 62. 

C,sH,,0, Benzoin diethylacetal (WARD), 1550. 

Cretan Tetraethyl 3:6-dicarboxyhexahydrophthalate (FARMER and WARREN), 


C,sHs,0, Ethyl decahydronaphthalene-2:2-diacetates (Rao), 1962, 1968. 
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18 11-18 IV FORMULA INDEX. 


C,eH,,P Phenyldi-(s-methylamyl)phosphine (Davies, Pzars®, and Jones), 1268. 
C,sH,,0, Linolic acid, constitution of (Hawortn), 1456. 
C,.H,,0, Acid, and its silver salt, from catin (LEce and WHEELER), 2457. 


18 Ili 

C.,H,,0,N, N-2’:4’-Dinitrophenylcarbazole (Lz Firvre), 737. 

C,,H,,0,N, 2-Dinitrostyrylmethylquinolines (BENNETT and Prarr), 1467. 

C,,H,;0,Cl Chlorodiacetoxyanthracene (HaRDAcRE and Perxty), 188. 

C,,H,,0,N, Nitro-8-benzoyldihydropentindole (PLant), 2196. 

C,3H,,0,N, -Cyano-2-nitro-3:4-dimethoxy-2’-aldehydostilbene (GULLAND, Haw- 
ORTH, Vinpen, and CaLLow), 1673. 

C,,H,,0,N, 5-Keto-2-pheny]-4-(2’-nitro-3’:4’-dimethoxybenzylidene)-4:5-dihydro- 
oxazole (GULLAND, Robinson, Scott, and THORNLEY), 2932. 

C,,H,,0,N,  2:4:6-Trinitro-l-amino-3:5-dianilinobenzene (Fittrscuerm and 
HoLMEs), 336. 

C,,H:;,ON 8-Benzoyldihydropentindole (Pant), 2496. 

C,,H,;0,N 8-2-Phenyl-4-quinolone-3-propionic acid (PLANT), 2497. 

C1.H,,0,N, 10-Nitro-9-hydroxy-8-benzoyltetrahydropentindole (PLANT), 2496. 

C,3H,,0,N, 2-Nitro-a-benzamido-3:4-dimethoxycinnamic acid (GULLAND, Rosin- 
son, Scott, and THORNLEY), 2932. 

C,,H,,ON 8-Phenoxyetbyl-a-naphthylamine (Pzacock, BHATTACHARYA, and 

0), : 


C,,H,,ON, 8-3-Nitrosomethylamino-1-methylamino-2-phenylnaphthalene (KEN- 

TISH), 1175. 
a-3-Nitrosomethylamino-1-methylimino-2-phenyl-1:2-dihydronaphthalene (Krn- 

TISH), 1173, 

C,,H,,0,N y-o-Benramidobenzoylbutyric acid (PLANT), 2497. 

C,,H,,0,Cl 2’:4’:6’-Trimethoxyflavylium chloride (Cuntrnanz and Puttport), 
1765. 

C1sH,,N,S, 2:2’-00’-Dithiodiphenyl-4:5-dihydroglyoxaline (McCixLLAND and 
WanrEn), 2626. 

C,,H,,ON Perce HA Renata Lent tateahgteogeinnlinn (Ptant and Ros- 
SER), 1865. 

C,,H,,0,N Di-(4-hydroxy-2:5-dimethylphenyljacetonitrile (Cuzmo, Haworrs, 
and Watron), 2376. 

CisH,,0;,N Diacetyl-l-isodiphenylhydroxyethylamine (Reap, CAMPBELL, and 
BARKER), 2311. 

C,,H,,0,N 8-4-Methoxy-2:5-dimethylphenylpropionanilide (Cizmo, Haworrts, 
and WaLron), 2378. 

C,,H.,0,N 8-4-Methoxy-2:5-dimethylphenylethy] phenylcarbamate (CLEMo, Haw- 
ORTH, and WALTON), 2379. 

C,.H,,0O,N, Hexa-acetamidobenzene (FLiinscuerm and Hotmgs), 335. 

CisHgIP p-Tolylmethyldi-n-amylphosphonium iodide (Davizs, PEarsE, and 
JONEs), 1266. 

PT TT iodide (Davies, Pearse, and JoNnEs), 


p-Tolylmethyldi-(d7-8-methylbutyl)phosphonium iodide (Davres, Pzarsx, and 
JONES), 1267. 
18 IV 


€,3H,,0,N;Cl, 5:6:8-Trichloro-2-dinitrostyry]-4-methylquinoline (BENNETT and 
PrRatT), 1467. 
C,.H,,0,N,Cl, 5:8-Dichiloro-2-dinitrostyryl-4-methylquinoline (BrNNETT and 
Pratt), 1467, 
CisH,,0,.N,S, Di-m-nitrobenzenesulphon-o’-nitroanilide (BELL), 2788. 
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FORMULA INDEX. 18 1V—19 II 


C,sHisNCIAS 7-Chloro-12:7-dihydrotsoacenaphthabenzarsazine (GIBSON and 
JoHnson), 1621. 

C,sHisNBrAs 7-Bromo-12:7-dihydroisoacenaphthabenzarsazine (GiBsoN and 
JOHNSON), 1621. 

C,,H:,0;CISi Triphenoxychlorosilicane (THompson and Kipprne), 1177. 

C,,H;,0;3NAs o0-(3-Acenaphthylamino)phenylarsinic acid (G1sson and JoHNsoN), 
162]. 


C,sH,sN,C1,Co Diquinolinium cobaltous chloride (PERcIVAL and WaRDiAWw), 
1507, 

CisHigN.Br,Co Diquinolinium cobaltous bromide (PercrvaL and WARDLAW), 
1508. 


CisHigN2I,Co Diquinolinium cobaltous iodide (PzRcivAL and WARDLAW), 1509. 

C,sH,0,Cl,Fe 2’:4’:6’-Trimethoxyflavylium ferrichloride (CULLINANE and PuHIL- 
poTr), 1765. 

CisH;,0.NS 4-Phenylpenthian-4-ol phenylurethane (BENNETT and WADDINGTON), 
2831. 


CisH90.N,S, Di-2-methylthioldibenzoylethylenediamine (McCLELLAND and 
WARREN), 2625. 

C,,H,,ONS Benzenesulphonylbenzylpiperidines (BRYANs and Pyman), 550. 

C,;H2,0,NS Phenyl e-hydroxyamyl sulphide phenylurethane (BENNETT and 
HEATHCOAT), 274. : 

C,,H.,0;NS, 4-Phenylpenthian-4-ol-1-p-toluenesulphonylimine (BENNETT and 
WADDINGTON), 2838. 

C,.H.,0N,Br, Substance, from methyloxysparteine and cyanogen bromide (CLEMO 
aud RapEr), 1940, 

C,sHj90,NC1 Tetra-acetylglucosidyldiethylamide hydrochloride (BAKER), 1209. 

CisH;,0N,I Dimethyloxysparteine methiodide (CLEmMo and Raprr), 1940. 

C,sH,,0,;N,Co, Hexa-allylamineperoxodihydroxodicobalt trinitrate (PeRcIvaL 
and WARDLAW), 1319, 

18 V 


C,,H,,0,N,S,Na, Sodium m-xyleneazo-3:6-disulpho-8-naphthyl sulphite (Kine), 
608. 


C,.H,,ON.Br,;Mo Diquinolinium molybdenyl pentabromide (ANGELL, JAMEs, and 
WARDLAW), 2582, 

C,,H;,0,N,C],Co, Hexapropylamineperoxodihydroxodicobalt trichloride (PERCIVAL 
and WARDLAW), 1319. 


C,. Group. 
C,,H,, Substances, from diacetone alcohol and magnesium 9-fluorenyl bromide 
(MAITLAND and TUCKER), 2565. 
C,sH., 8-9-Fluorenyl-3-methylpentane (MAITLAND and TucKER), 2566. 
19 II 
C.,H,,0, Substance, from guaiacol and a-phenylacetoacetic ester (BAKER and 
Eastwoop), 2907. 
C,,5H,,0, 5:7:3’:4’-Tetramethoxy-3-phenyleoumarin (BAKER), 1598. 
C,,H,,0, 8-Glucosidoxyxanthones (RoBERTSON and WaTERs), 2241. 
19H,,0, 7-8-Glucosidoxy-1-hydroxyxanthone (RoBERTsON and WATERS), 2242. 
C,,H.,.0, Ethyl methoxybenzylcinnamates (INcoLD and SHoppze), 453. 
C,,H..0, 2-Hydroxy-4:6-dimethoxyphenyl 2:4-dimethoxystyryl ketone (CuL- 
LINANE and PuHi.port), 1763. 
C,,H..0, a-9-Fluorenyl-ayy-trimethyltrimethylene glycol (MAITLAND and 
TUCKER), 2566. 
C,,H..0, 2:6-Dihydroxy-3:4-dimethoxyphenyl 3:4:5-trimethoxybenzyl ketone 
(BakER and Rosrnson), 158. 
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9 II—1i9 III FORMULA INDEX. 
CroHasP p-Tolyldi-(3-methylamyl)phosphine (Davies, PrArsE, and Jonzs) 
1268. ) 


C,,H;,0, Ethyl ester, of acid, O,,H,,0, (Lecco and Wurrier), 2455. 
C,,H;,0 3:7:11-Trimethyl-15-hexadecanone (HEILBRON and THompPson), 889, 


19 Ill 

C,,H,,0;N Resorcinolcinchomeronein (Tewari), 1643. 

C,,H,,0,N Phloroglucinolcinchomeronein (Tewari), 1643. 

C,,H,,0,;N, 8-3-Nitro-4-methoxyphenylethylamine, and its hydrochloride (Cat. 
Low, GULLAND, and HaworrTs), 1458. 

C,,H,,;0,N Phenolcinchomeronein (Tewari), 1643. 

C,.H,,0N, 8-3-Amino-4-methoxyphenylethylamine, and its hydrochloride (Cat. 
Low, GULLAND, and Haworth), 1454. 

C,,H,,0,N, m-Phenylenediaminecinchomeronein (Tewari), 1644. 

C,,H,,0,N, 8-Phthalimidoethylquinolones (SzsHApRt), 2954. 

CipHss0.Ns 2-Dinitrostyryl-4:6-dimethylquinoline (BENNETT and  Prarn), 
468, 


C,,H,,0,B 1-Hydroxy-7-acetoxyxanthone diacetoborate (ROBERTSON and 
WaATERs), 2242. 

C,,H,,0,N, Nitro-9-benzoyltetracarbazoles (PLANT and RurHERForp), 1974. 

C,,H,,0,P Triphenylmethylphosphinic acid, formation of (Harr), 2412. 

C,,H,,0,N 3:10-Dimethoxyoxyprotoberberine (CHAKRAVARTI and PEeRxtn), 200, 

C,,H,,0,Br  3:5:2:4’-Tetramethoxy-4-bromobenzylidenecoumaran-2-one (Cul- 
LINANE and Puariprort), 1764. ' 

C,,H,,ON 6-Benzoy]-2:3:4:5:6:13-hexahydro-a-quinindene (BLouNT, PERKIN, and 
PLANT), 1985. 

C,,H,,0,N 9-Benzoyl-10:11-dihydroxyhexahydrocarbazole (PLANT and Rurure- 
FORD), 1974. 

C,,H,,0;N 4-Methoxyphthalidecarboxy-p-m-methoxyphenylethylamides (CHaxnra- 
VARTI and PERKIN), 200. 

C,,H,,0,Cl Tetramethyl-luteolinidin chloride (BAKER), 1603. 

C,,H,,ON,  6-Phenylcarbamy]-2:3:4:5:6:13-hexahydro-a-quinindene (BLownt, 
PERKIN, and Piant), 1985. 

C,H. .0,N, 2’-Nitro-3’:4’-dimethoxyphenyl-(8-4-methoxyphenylethylamino)acety]- 
ene (CALLOW, GULLAND, and HAworrs), 1449. 

CioHa,O.Ne Glucofuranose 5:6-carbonate phenylosazone (HawoRTH and PorRTER), 
2806. 


C.,H,,0N 1-Benzoyl-2-benzylpiperidine (BRYANs and Pymayn), 550. 
C,,H,,0,N 3:10-Dimethoxytetrahydroprotoberberine (CHAKRAVARTI and PERxIy), 
201. 


apoMorphine dimethyl ether, attempted synthesis of (GuLLAND, Haworrs, 
VinvEN, and CaLLow), 1666. 
C,,H,,0;N,;  2’-Nitro-3’:4’-dimethoxypheny]-(3-amino-4-methoxy-8-phenylethy]- 
amino) acetylene, and its picrate (CALLow, GULLAND, and Haworrn), 1454. 
C,,H,,0,N, Malondi-8-phenylethylamide (Ca1Lp and Pyman), 2014. 
C,,H..0,N,  2’-Nitro-3’:4’-dimethoxyphenylaceto-8-4-methoxyphenylethylamide 
(CaLLow, GULLAND, and Haworth), 1449. 

Pentamethylene glycol bisphenylurethane (BENNETT and Heatxcoar), 273. 
C,,H.;0,N 2-Carboxy-trans-decahydronaphthalene-2-acetanils (Rao), 1966. 
C,,H,;0;N Ethyl 4-hydroxyphenyl-2:6-dimethyl-1:4-dihydropyridine-3:5-dicarb- 

oxylates (HINKEL and MaDEL), 754. 
C,,H,;0,N 2-Carboxy-trans-decahydronaphthalene-2-anilic acids (Rao), 1966. 
C,,H,,.0,N /-Menthyl o-dimethylaminobenzoate (Rute and MaocGr.urvray), 
407. 
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FORMULA INDEX. 19 III—20 III 


CipH2s0,N Tetra-acetylglucosidylpiperidides, and their hydrochlorides (BAKER), 
1208. 


C,sHsIP_ Phenylmethyldi-(3-methylamyl)phosphonium iodide (Davizs, Pearsx, 
and JONES), 1268, 
C,9Hs.0,Br, 8-Dibromohydrin palmitate (FaArRBouRNE and CowDREy), 134. 
19 IV 
C,,H,,ONCl, N-Chlorophenylbenzimino-2:4:6-trichlorophenyl ethers (CHAPMAN), 
570. 


C,,H,;0.N.Br 8-Phthalimidoethylquinolinium bromides (SzsHApRI), 2953. 

C,,H,,ONC1 Chloro-9-benzoyltetrahydrocarbazoles (PLANT and RUTHERFORD), 
1974. 

C,,H,,0,C1P Triphenylmethylchlorophosphinic acid, and its salts (Harr), 2418. 

C,,H,,0,N,Cl 11-Nitro-9-p-chlorobenzoyl-10-hydroxyhexahydrocarbazole (PLANT 
and RUTHERFORD), 1974, ~ 

C,5H:,0,N,S Ethyl 1-anilinobenzthiazole-5:4’-dicarboxylate (Dyson, Hunter, 
and SoyKaA), 465. 

2:3-(2’-Phenylpyrrolo)(4’:5’)-quinoline methosulphate (RoBINSON), 2951. 

CipH2.0,.NC1 Ethyl 4-chloropheny]-2:6-dimethy] pyridine-3:5-dicarboxylates 
(HiINKEL and Manz), 753. 

CioHs,0,NS 4-Benzylpenthian-4-ol phenylurethane (BENNETT and WADDINGTON), 

2. 


CiH220,NCl Ethyl 4-chlorophenyl-2:6-dimethyl-1:4-dihydropyridine-3:5-dicarb- 
oxylates (HINKEL and MADEL), 753. 


Co Group. 


C.oHs, Diterpene, from d-A*-carene and sulphuric acid (Grisson and SrmMonsEN), 
311. 


20 II 
CooH,,0, 2:6-Dibenzyloxy-p-benzoquinone (BAKER, Nopzv, and Rostnson), 77. 
C.H,,0 Benzoyloxydiphenylmethanes (SHorT and Srewarr), 556. 
Dibenzylphenols (SHorT and STEWART), 555. 
C.oH,,0, 2:6-Dibenzyloxyquinol (Baker, Nopzv, and Rosrnson), 77. 
C.9H 0, af Ranresn eens ’-pentamethoxyflavone (Baker, Nopzv, and Ros- 
INSON), 81. 
7-Hydroxy-3:5:3’:4’-pentamethoxyflavone (BAKER, Nopzv, and Rosrnson), 79. 
C»H,»O,, 0-Tetra-acetyl-6-p-hydroxyphenylgalactoside (ROBERTSON), 1821. 
C»H.N, p-Acetylphenylcyclohexane phenylhydrazone (Mayzs and TURNER), 507. 
20 Ill 
C.,H,,0S isoNaphthathioxin, synthesis of (ConEN and Sm1zEs), 209. 
C.H,,0,N, 2:3-Di-m-nitrophenylquinoxaline (Boon and NissxEr), 1901. 
CuHls06N Bisdinitrobenzylidene-o-phenylenediamine (BENNETT and PRATT), 
1467. 


C..H,,Br,S, Di-1-bromonaphthyl 2-disulphide (ConmN and Smizzs), 211. 

CooH,,0;N, 2-y-Phthalimidopropylisoquinolone (SEsHADRI), 2959. 

C,.H,,0,N, 1-8-Phthalimidoethyl-6-methoxy-2-quinolone (SEsHADRI), 2956. 

C.H,,ON Benzophenyl-m-tolylamide (G1sson and Jonnson), 1475. 
Benzoylphenyl-o-tolylamine (G1Bson and JoHNsoN), 2748. 
N-o-Tolylbenziminophenyl ether (Gisson and JoHNson), 2747. 
N-m-Tolylbenziminopheny] ether (Grsson and Jognson), 1475. 

C..H,,0,N 4-Nitropyrocatechol dibenzyl ether (BALABAN), 1092, 

C.H,,0,N, Phenyldi-m-nitrodibenzylamine (REILLY, Drumm, and CrEEDON), 644. 

CoH,,0,;N, Nitro-9-toluoyltetrahydrocarbagoles (PLANT and KuTHERFORD), 1973. 
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C.)H,,0,N, 1-y-0-Carboxybenzamidopropyl-2-quinolone (SzsHApDRI), 2954, 
2:5-Diketo-3:6-di-o-methoxybenzylidenepiperazine (DickINsoN and MaRrsHAL1), 
1496. 
C.oH,,0;N, 1-8-0-Carboxybenzamidoethyl-6-methoxy-2-quinolone (SEsHApDRI), 
2955. 


C.»H,,ON 9-Toluoyltetrahydrocarbazoles (PLANT and RuTHERFoRD), 1972. 

C1oH,,0,N 4-Aminopyrocatechol dibenzy] ether (BALABAN), 1092. 

C..H,,0,N,; 8-3-Acetylmethylamino-1-nitrosomethylamino-2-phenylnaphthalene 
(KENTISH), 1174. 

Calin Om ee oe (Kent. 
IsH), 1174. 

C.>H..0,N, 11-Nitro-9-p-toluoyl-10-hydroxyhexahydrocarbazole (PLANT and 
RUTHERFORD), 1973. 

C..H,.0,N, Nitro-3’:4’:5:6-tetramethoxy-1-benzyl-3:4-dihydroisoquinolines (Cat- 
LOW, GULLAND, and HaworTsH), 664. 

C..H.,0;N Ethyl 4-methoxyphenyl-2:6-dimethylpyridine-3:5-dicarboxylates 
(HinKExL and MapgEt), 752. 

CooH,,0,N, Succinodi-8-phenylethylamide (CuiLp and Pyman), 2014. 

C.,.H,,0-;N, 6’-Nitro-3’:4’-dimethoxy pheny laceto-8-2:3-dimethoxy phenylethy]- 
amide (CALLow, GULLAND, and Haworth), 663. 

C.o>H,;0,N Decahydronaphthalene-1:2-diacetanils (RAo), 1963, 1969. 

C,.H,;0,;N Ethyl 4-methoxyphenyl-2:6-dimethyl-1:4-dihydropyridine-8:5-dicarb- 
oxylates (HINKEL and MapDEL), 752. 

C.,H.,0;N Decahydronaphthalene-2:2-diacetanilic acids (RAo), 1963, 1968. 

C.oH,,IP Phenylethyldi-(5-methylamy])phosphonium iodide (Davies, PEARSE, and 
JONES), 1268. 

a lena methiodide (Davizs, PEARSE, and Jonzs), 

1268. 


20 IV 
C..H,,0BrS 1-Bromo-2’-hydroxydinaphthyl 2:1’-sulphide (ConzN and Ssmzzs), 
212. 


C.o9H,,0.NBr 3-Bromo-4-benzoylaminobenzophenone (WATERS), 2109. 

Co oH,,0,NI 3-Iodo-4-benzoylaminobenzophenone (WarEks), 2110. 

C..H,,0,N.Br -Phthalimidopropylquinolinium bromides (SesHapr1), 2954. 

C..H,,0,;N,Br 8-Phthalimidoethyl-6-methoxyquinolinium bromide (SzsHapni), 
2954. 


C..H,,0,N,Br 8-8-Phthalimidoethylamino-6-methoxyquinoline hydrobromide 
(BALDWIN), 2962. 

CooH,,0,N,Cu Di-8-naphthylaminocupric nitrite (Kine), 2597. 

C.oH,,0,N.S, Di-p-toluenesulphonnitroanilides (Bei), 2788. 

CoH. N.Cl,Co Diquinaldinium cobaltous chloride (PerctvaAL and WaRp1AW), 
1508. 


C..H..N.Br,Co Diquinaldinium cobaltous bromide (PERcIVAL and WaRp1LAW), 
1509. 


C..H,,0,NBr Di-[a-p-methoxyphenylethyl]dimethylammonium bromide (E. and 
E. SrepMAN), 614. 
20 V 


C..H,0,;N.S;Na, Sodium 4-sulpho-a-naphthaleneazo-3:6:8-trisulpho-g-naphthy! 
sulphite (KrNG), 608. 
C.9H,.0,.N,S,Na, Sodium 4- ‘sulpho-a-naphthaleneazodisulpho- B-naphthyl sulph- 
ites (Kine), 608. 
CoH, ,0.N.S,Na, Sodium a-naphthaleneazo-3:6-disulpho-8-naphthyl sulphite 
(Kine), 608. 
Sodium Tiedihe-s eaphtabsanceagnaupusiaing’ sulphite (Kina), 607. 
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C..H120.N.S,Na, Sodium a-naphthaleneazosulpho-8-naphthyl sulphites (Kine), 
607. 


C:, Group. 

C,,H:,0, 2-Benzoylanthragallol (Pzrxry and Story), 1411. 

C,,H,40, Benzoxanthaspiropyran (IRVING), 1094. 
6-Hydroxy-2:3-diphenylbenzo~y-pyrone (BAKER and Eastwoop), 2906. 
5:7-Dihydroxy-2;3-diphenylbenzo-y-pyrone (BAKER and EasTwoop), 

‘ 


Benzyl hydrogen diphenate (LE Fivre), 737. 
Benzylidene-2-isohydrobenzoin (READ, CAMPBELL, and BARKER), 2314, 
2-Ethylcarbonato-1:9-diacetylanthranol (PERKIN and Story), 1418. 
5:7-Diacetoxy-3’:4’-dimethoxy-3-phenyleoumarin (BAKER), 1599. 
5:6-Diethylearbonato-1-benzylidenecoumaran-2-one (PERKIN and Story), 1421. 
C,,H,gN 2:3-Diphenyl-1:2:3:4-tetrahydroquinolines (PLANT and RossER), 1868, 
C,,H..0, Hexamethoxyflavone (BAKER, Nopzv, and Rosrnson), 81. 
0-Hexamethylquercetagetin (BAKER, Nopzv, and Rosinson), 82. 
2-Methylirigenin 7:3’-dimethyl ether (BAKER and RoBINnson), 158. 
Cuts 9-Piperidinomethyl-2-methylanthracene (BARNETT and Goopway), 


C,,H2.0, 7-Menthyl hydroxynaphthoates (Rutz, Spence, and BRETSCHER), 
2522, 
C,;H2.0,, 0-Tetra-acetyl-8-p-anisylgalactoside (RopeRTson), 1821. 


21 III 
C,,H,,0,Br 1-Bromo-2-benzoyloxyanthraquinone (HaARDACRE and PERKIN), 186, 
C,,H,,0,1 3-lodo-2-benzoyloxyanthraquinone (HARDACRE and PeRKIN), 189. 
C2,H,,0.N, N-Benzoylisatin-2-anil (CALLow and Hops), 1195. 
Isatin-2-benzanilide (CALLow and Hore), 1198. 
CnH,O.Ne 2:3-Di-m-nitro-2:3-dipheny]-5-methylquinoxaline (Boon and NIsBET), 
vl. 


C,,H,,0,N, Bisdinitrobenzylidene-3:4-tolylenediamine (BENNETT and Pratt), 
1467, 


C,,H,,0,;N, 0-Benzamidophenylglyoxylanilide (CALLow and Hore), 1196. 

C,,H,,0,N, Diphthalimidoacetoxypropane (FAIRBOURNE and CowpDREy), 133. 

C,,H,,O0N, 2:3-Diphenyl-1:2:3:4-tetrahydroquinoline nitrosoamines (PLANT and 
RossER), 1868. 

Cullis0,N 5-Nitro-9-cinnamoyltetrahydrocarbazole (PLANT and RUTHERFORD), 


C,,H,,0,N, Aniline o-benzamidophenylglyoxylate (CALLow and Hors), 1196. 
ee-Diphthalimidopentane (BALDWIN), 2963. 
1-y-Phthalimidopropyl-6-methoxy-2-quinolone (SzsHADRI), 2957. 

C,:H,,0N Benzoylditolylamine (Grnson and Jonnson), 2748. 
9-Cinnamoyltetrahydrocarbazole (PLANT and RuTHERFORD), 1975. 
N-Tolylbenziminotolyl ethers (Grsson and JoHNson), 2747. 

C;,H,,0,N; 8~y-Phthalimidopropyl-6-methylquinoline (BALDWIN), 2964. 

C,,H,,0,N, 8~y-Phthalimidopropylamino-6-methoxyquinoline (BALDWIN), 2963. 

C,,H.0,N, Anhydro~y-o-carboxybenzamidopropyl-6-methoxyquinolinium hydr- 

oxide (+ 3H,O) (SzsHaprI), 2957. 
Cul O5Ns 1-y-0-Carboxybenzamidopropyl-6-methoxy-2-quinolone (SEsHADKI), 


aliaNCl 2:2 Diphonyl-1:2:3:4-tateibiyateqeinsline hydrochlorides (PLANT and 
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C,,H,,0;N 9-Cinnamoy]-10:11-dihydroxyhexahydrocarbazole (PLANT and Ruruen. 
FORD), 1975. 

C,,H,,0;P Ethyl hydrogen triphenylmethylphosphinate, and its silver sal 
(Hatr), 2418. 

C,,H,,C1,Sb Tribenzylstibine dichloride (CHALLENGER and PErTERs), 2620. 

C,,H,,CISi Tri-p-tolylsilicyl chloride (SrzzLEz and Kipprne), 357. 

C.,H,,0Si Tri-p-tolylsilicol (STkeLz and Kiprrne), 357. 

C.,H..0,N, Strychnine (PERKIN and Rosrnson), 964., 

CHO. Ethy] di-(3-nitrobenzy])malonate (GuLLAND, HaworrH, and Virpey), 

71. 


Cutler et al NR GRE (BARNETT and Goop. 
WAY), ‘ 
C.,H.;0,Sb Tribenzylstibine dihydroxide (CHALLENGER and Perers), 2620. 
C.,H,:0;N,; —_1-a-Cyano-2’-nitro-3’:4’-dimethoxybenzyl-6-methoxy-2-methyltetra- 
hydroisoquinoline (GULLAND and VIRDEN), 1799. 
C.,H,ON, Strychnidine, action of hydriodic acid on, and its salts (PERKIN and 
RoBINson), 964. 
C.,;H,0,N, Dihydrostrychnine, and its salts (PerKIn and RoBINnson), 981. 
Oxydihydrostrychnidine (A) (PerKIn and Rostnson), 985. 
C.,H,O,N,  4:4’-Di(cyanomethylamino)-2:5:2’:5’-tetramethoxydiphenylmethane 
(GULLAND, Roxsrnson, Scott, and THORNLEY), 2929. 
C.,H,;0,Cl /-Menthyl chloronaphthoates (RuLe, Spence, and BreTscHER), 2521. 
C,,H,;0,N /-Menthy] nitronaphthoates (RuLE, Srence, and BreTscHER), 2520. 
Tetramethoxyaporphines (CALLOw, GULLAND, and HawortTs), 658. 
C,,H,,0N, Dihydrostrychnidines, and their salts (PERKIN and Roprnson), 964. 
C,,H,,0,N, Glutarodi-s-phenylethylamide (Ou1Lp and Pymay), 2015. 


C.,H,0;N, Dihydrostrychnic acid, and its hydrochloride (PERKIN and Rosiv- 
SON), 984. : 

C.,H.,0,N, Dioxydihydrostrychnic acid (PzRKIN and Roprnson), 984. 

C,,H,,0,N, Amino-3’:4’:5:6-tetramethoxy-1-benzyl-2-methyltetrahydroisoquinol- 
ines (CALLOwW, GULLAND, and HawortTH), 665. 

C.:H.,0,N, 3:5:6-Trimethyl glucose osazone (ANDERSON, CHARLTON, Haworti, 


and NIcHOLson), 1335. 
21 1V 
C.,H,,0,NS 1-p-Toluidino-4-methoxythioxanthone (Roserts and Sm1zEs), 869. 
C.,H,,0,N;P Tri-p-nitrotribenzylphosphine oxide (CHALLENGER and Perez) 
2614. 


C,,H,,0,N,;As Tri-p-nitrotribenzylarsine oxide (CHALLENGER and Peres), 2619. 
C.,H,,0,;N,Br -Phthalimidopropyl-6-methoxyquinolinium bromide (SzsHADRI), 
2956, 


C.:H1,0,.N,AS  Tri-p-nitrotribenzylarsine hydroxynitrate (CHALLENGER ani 
PETERS), 2619. 

C.,H»0,CIP Ethyl triphenylmethylchlorophosphinate (Harr), 2419. 

C.,H.,0;NS  0-p-Toluenesulphonyl]-d/-isodiphenylhydroxyethylamine (READ, 
CAMPBELL, and BARKER), 2312. 

C,,H,,0,CITe Trihydroxytrimethyltriphenyltelluronium chlorides (MoreAN ani 
BurGEss), 2217. 

C.,H,,0,C1,Te, Tri-2-hydroxytri-5-methyltriphenyltelluronium tellurium ox} 
chloride (MORGAN and Buroxss), 2216. 

C.,H,,0,N,I Nitro-3’:4’:5:6-tetramethoxy-1-benzy]-3:4-dihydrozsoquinoline meth- 
iodides (CALLow, GULLAND, and Haworrs), 664. 


C.. Group. 
C,.H,, 9-Benzylmethylanthracenes (BARNETT and Goopway), 1760. 
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22 II 
C,,H,,0, 2-Benzoylanthragallol 3-methyl ether (PERKIN and Srory), 1413. 
C.,H,,0; 7-Hydroxy-3-phenyl-4-benzylcoumarin (BAKER and Eastwoop), 2906. 
CysH¢0, 5-Hydroxy-7-methoxy-2:3-diphenylbenzo-y-pyrone (BAKER and East- 
woop), 2902. 
7-Hydroxyphenyl-p-methoxyphenylbenzo-y-pyrones (BAKER and Eastwoop), 
2903. 


C.,H,.05 5:7-Dihydroxy-2-phenyl-3-p-methoxyphenylbenzo-y-pyrone (BAKER and 
EastTwoop), 2903. 
C,,H,;Br 10-Bromo-9-benzylmethylanthracenes (BARNETT and Goopway), 1761. 
C.,H,,N 9-Anilinomethyl-2-methylanthracene (BARNETT and Goopway), 1760. 
Di-p-tolyl-o-tolylchloromethane (Harr), 1630. 
2:6-Dibenzyloxy-1:4-dimethoxybenzene (BAKER, Nopzv, and Rosinson), 


2-Methylirigenin trimethyl ether (BAKER and Rosinson), 159. 
l-Menthyl 2-methyl-l-naphthoate (Ruiz, SPENcE, and BrerscHEr), 


Acid, from cutin, and its silver salt (LEac and WHEELER), 2446. 


22 Ill 
C.,H,,0,N, Dehydroacetophenone-mm’-dinitrobenzil (Boon and Niszer), 1902. 
C..H,,NBr 10-Bromo-9-anilinomethyl-2-methylanthracene (BARNETT and Goop- 
way), 1760. 
C.H,,0,N, 4-Salicylideneamino-4’-malonylamidodiphenyl (Le Frvre), 735. 
C..H,,0,S Toluene-p-sulphonyl-l1-benzylidenecoumaran-2-one (PERKIN and 
Story), 1421. 
C,,H,,0,S Toluene-p-sulphonylanthragallol 1-methyl ether (PERKIN and Story), 
1417. 


C..H,,O,N, 2:6-Di-p-nitrobenzoyloxy-3-isopropylpyridine (G1BsoN and SIMONSEN), 
1078. 


C.,H,,0,N, 2:5-Diketo-3:6-diacetoxybenzylidenepiperazines (DIcKINSON and 
MARSHALL), 1495, 

C..H,,0Cl, ay-Dichlorohydrin triphenylmethy! ether (FAIRBOURNE and CowpREy), 
135, 


C..H,,0,;N, 8-y-Phthalimidopropylamino-6-ethoxyquinoline (BALDWIN), 2904, 

C..H..0,N, 2:5-Diketo-3:6-di-o-ethoxybenzylidenepiperazine (DicKINsON and 
MARSHALL), 1496. 

C,,H.;0,N, Anhydrocotarnine-2-nitro-3:4-dimethoxyphenylacetonitrile (GULLAND 
and VIRDEN), 1798. 


C,,.H,,0,N, Anhydrolaudaline-2-nitro-3:4-dimethoxyphenylacetonitrile (GULLAND 
and VIRDEN), 1798. 


C»H,,ON, Methyl-y-strychnidine, and its salts (PERKIN and Roprnson), 995. 
C.,H,,0,N, Dibenzoyl-y-tetramethylpiperazine (Krpprne), 2896. 

C..H,.,0,N, Adipodi-8-phenylethylamide (Cu1Lp and Pyman), 2015. 
C..H.,0,N, Oxalodi-6-veratrylethylamide (CHILD and Pyman), 2015, 


C,.H.,0,N Tetra-acetylglucosidylbenzylmethylamide, and its hydrochloride 
(BAKER), 1207. 


C,,H;,0,.N, Methoxytetrahydrostrychnidine (PERKIN and Rosrnson), 993. 
22 1V 
C..H,,0,BrS 1-Bromo-2’-acetoxydinaphthyl 2:1’-sulphide (ConEN and Smrzzs), 
212, 


C.,H.»NsIS p-Dimethylaminoanils of naphthathiazole-2-aldehyde ethiodides 
(HamER), 2607, 
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C,,H,,0,NC] Tetra-acetylglucosidyl-p-chlorobenzylmethylamide, and its hydro. 
chloride (BAKER), 1207. ? 
C,2H3,0,N,S, Di-p-toluenesulphonyltetramethylpiperazines (KiPPING), 2894. 


C.; Group. 
C.,H,,0, Benzoylacetylanthragallol (PERKIN and Srory), 1410. 
C.3H,,0; 7-Hydroxy-3-phenyl-2-styrylbenzo-y-pyrone (BAKER and Eastwoop), 
1. 


C,,H 1004 5:7-Dihydroxy-3-phenyl-2-styrylbenzo~y-pyrone (BAKER and Eastwoop), 
2902. 
C.;H,,0, 1-Benzoylanthragallol 2:3-dimethyl ether (PERKIN and Story), 1411, 
C,,H,,0, 7-Hydroxy-3:4-dibenzyleoumarin (BAKER and Eastwoop), 2906. 
7-Methoxy-3-pheny]-4-benzylcoumarin (BAKER and Eastwoop), 2906. 
C.3;H,,0; 7-Hydroxy-2:3-di-p-methoxyphenylbenzo-y-pyrone (BAKER and East. 
woop), 2904. 
7-Hydroxy-3-phenyl-2-(3:4-dimethoxypheny])benzo-y-pyrone (BAKER and East- 
woop), 2904. 
C.;H,,0, Acetyl derivative of 2-methylirigenin 7:3’-dimethyl ether (BAKER and 
Rosrinson), 158. 
C.,H;,0, Ethyl 5-4-methoxy-2:5-dimethylbenzoylbutane-83y-tricarboxylate 
(CLEMO, HaworTH, and WALTON), 2385. 


23 III 

C.;H,,0,N -o-Carboxybenzamido-88-diphenylpropionic anhydride (Hantncrox 
and McCartney), 896. 

C.,;H..0;N, 2-Benzamidophenylglyoxylo-8-phenylethylamide (GULLAND, 
HAWoRTH, VIRDEN, and CALLOW), 1672, 

C.;H.,0,.N Acetylbenzylidene-d/-isodiphenylhydroxyethylamine (READ, Camp 
BELL, and BARKER), 2311. 

C.;H..0,N, p-Phenylethylamine  2-benzamidophenylglyoxylate | (GuLLAND, 
HAworTH, VIRDEN, and CALLow), 1672. 

C.;H.:0;N, 8-(e-Phthalimido-n-amylamino)-6-methoxyquinoline (BALDw1y), 
2964, 


C.3H,,0,.N, ay-Di-(6-methoxy-8-quinolylamino)propane (BALDWIN), 2962. 

C.3H.O,N, Brucine (PERKIN and Ropinson), 964. 

C.;H,,0,N, Tetra-acetylglucosidyl-p-cyanobenzylmethylamide (BAKER), 1207. 

C.3H,.0,N, Pimelodi-8-phenylethylamide (Cu1Lp and Pyman), 2015. 

C.3H,,0.N, Formylmethoxytetrahydrostrychnidine (Perkin and Rosinsox), 
992. 


C.;H;,0,N . Tetra-acetylglucosidyl-p-methylbenzylmethylamide, and its hydro- 
chloride (BAKER), 1207. j 
C.;H;,0,N, Methoxymethyltetrahydrostrychnidine (B), and its salts (PERKIN and 
Kosrinson), 986, 
23 IV 


C.3;H,,.N.IS Dimethylbenzthio-y-cyanine iodides (HamER), 2603. 

C.3H.,;0,NS N-Acetyl-0-p-toluenesulphony]-d/-isodiphenylhydroxyethylamine 
(KEAD, CAMPBELL, and BARKER), 2312. 

C.;H.3;N,IS »-Dimethylaminostyrylnaphthathiazole ethiodides (HamEr), 2606. 


C., Group. 
C.4H,,0, Naphthyl hydrogen diphenates (Lz Favre), 737. 
C.,H,,0, Benzoylacetylanthragallol methy] ethers (PERKIN and Story), 1411. 
C,H,.0, 7-Hydroxy-3-p-methoxyphenyl-2-styrylbenzo-y-pyrone (BAKER apd 
EasTwoop), 2903. 
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CoH. 3’-isoPropylbenzo-8-naphthaspiropyran ( Herieron and Irvine), 941. 

C.sHO3 7-Methoxy-3:4-dibenzylcoumarin (BAKER and Eastwoop), 2907. 

C.,H290; 7-Methoxy-3-phenyl-2-(3:4-dimethoxyphenyl)benzo-y-pyrone (BAKER 
and Eastwoop), 2905. 

C.,H..0, Syringetin 4-benzyl ether (HEAP and Rosinson), 72. 

C.,H.20,, O-Triacetylmyricetin 3’:4’:5’-trimethyl ether (HEAP and Rostnson), 
70. 


C.4H..0, Bis(styryl-n-propyl ketone) (HzILBRON and Irving), 933, 
C.sH3s0,9 Tetra-acetyl-8-1-menthylgalactoside (RoBERTSON), 1822. 


24 III 
C.,H,,0;N, 7-Azoxy-5-carboline-3-carboxylic acid (GULLAND, RoBINson, Scorr, 
and THORNLEY), 2941. 
C4yH,,0,N, 2:2’-Di-(2’’-4’’-dinitrophenylamino)diphenyl (Lz Fkvre), 737. 
C.,H2,0,N, «-Cyano-2-nitro-3:4-dimethoxy-2’-aldehydostiJbene phenylhydrazone 
(GULLAND, HawortH, VIRDEN, and CALLOow), 1674. 
C.4H.2N,AS, 3:3’-Diamino-4:4’-dianilinoarsenobenzene (BARBER), 475. 
C..H.,0,N, «3-Bis-(6:7-methylenedioxy-3:4-dihydroisoquinolyl-1-)butane, and its 
salts (CHILD and PymAn), 2020. 
CyH20,N, Adipodi-8-piperonylethylamide (CHILD and Pyman), 2016, 
C,,H;,0,N, Suberodi-8-phenylethylamide (CHILD and Pyman), 2015. 
C.,H3,0,N, Succinodi-8-veratrylethylamide (CHILD and Pyman), 2015. 


24 1V 
C.,H,,0,N,S, Di-p-toluenesulphon-1:8-dinitro-8-naphthalide (BELL), 2789. 
C,,H..0;P,.Ba Barium diphenyl phosphate (PLIMMER and Burcn), 296. 
C.;H,,N,1S Methylethylbenzthio-p-cyanine iodides (HAMER), 2603. 


C.; Group. 


C,;H,,0, Xantha-8-naphthaspiropyran (IRviNG), 1094. 

C,;H,,0, 3:4:5-Trihydroxytetraphenylmethane (Harpy), 1005, 

C,;H,.0,; Ketone, from o-methoxybenzaldehyde and benzyl methyl ketone (HEIL- 
BkON and Irvine), 941. 

C.;H..0,. Tetra-acetylsyringetin (HEAP and Rostnson), 73. 


25 Ill 

C.;H,;0,N, Tetranitro-2:4-distyrylquinoline (BenNeTT and Pratt), 1467. 

C,;H,,0Cl 3-Chloro-4-hydroxytetraphenylmethane (HaRpy), 1006. 

C,;H,,OBr 3-Bromo-4-hydroxytetraphenylmethane (Haxpy), 1007. 

C,;H,,0,N,  a-(yano-2-nitro-3:4-dimethoxy-2’-m-carboxyphenyliminomethy Istil- 
bene (GULLAND, HAwoRTH, VIRDEN, and CALiow), 1674, 

C.;H,,0,N a-o-Carboxybenzamido-88-di-(4-methoxyphenyl)propionic anhydride 
(HARINGTON and McCartTNEY), 894. 

C,;H,,0P Triphenyibenzylphosphonium hydroxide, and its salts (FENTON and 
INGOLD), 2353. 

C.;H.;0,N, Substance, from a-cyano-2-nitro-3:4-dimethoxy-2-m-carboxyphenyl- 
iminomethylstilbene, ferrous sulphate and ammonia (GULLAND, HawortTH, 
VIRDEN, and CALLOw), 1675. 

C.;H,,0,.N d-iso-Diphenylhydroxyethylamino-d-methylenecamphor (READ, CAMP- 
BELL, and BARKER), 2312. ‘ 

C.5H;,0,N, Base, and its salts, from glutarodi-8-veratrylethylamide and 
phosphorus oxychloride (CHILD and PymMan), 2020. 

C.;H;,0,N, Azelaodi-8-phenylethylamide (CH1LD and Pyman), 2015. 

C.;H,,0,N, Glutarodi-8-veratrylethylamide (Cu1Lp and Pyman), 2015. 
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25 IV—27 Il FORMULA INDEX. 


25 IV 
C.;sH.,0;N;S Nitroso-p-toluenesulphonyl-8’-N N’-dimethy1-2-phenylnaphthylene. 
1:3-diamine (KENTISH), 1174. 
CuH,,N,IS Diethylbenzthio-y-cyanine iodides (HAMER), 2604. 


Cos Group. 


C.,H,N, 13:14-(00’-Diphenylylene) dibenzoct-12:15-diazine (LE Fkkvre), 736. 
C.,H,,0, 3’-Methylxantha-8-naphthaspiropyran (IRVING), 1095. 

C.,.H,,Cl 4-Chloro-8-methyltetraphenylmethane (HARDY), 1009. 

C..H.,N, Diphenyl-p-tolylbenzenylamidines (CHAPMAN), 2136. 

C..H;,0, Bis(styryl butyl ketones) (HEILBRON and Irvine), 933. 

C.g.H5.0,; Ethyl ester of acid, U,3H,,0, (Lzae and WHEELER), 2446. 


26 Ill 
C..H,, aN Bra bs :8-Dibromo-13:14-(00’-diphenylene)dibenzoct-12:15-diazine (Lz 
FEVRE), 

C.,H,,0,N, Bisdinitrobenzylidene- 4:4’-diaminodiphenylamine (BENNETT and 
Pratt), 1467. 

C..H,,0,N, Diphthalimidobenzoyloxypropane (FAIRBOURNE and CowpREy), 134, 

C.,,H,,0,N 4d-Diphenyl-a- and -8-naphthils (Wren and WricHr), 137. 

C.,H..0,N, 2:2’-Disalicylideneaminodiphenyl (Lz Fivre), 736. 

C..H..0,Cl, s-2:2’-Dichlorobenzpinacol (Harr), 1628. 

C,H. O,.N, Substance, from benzidine and mm’-dinitrobenzyl (Boon and Niszer), 
1902. 

C.,H.,0,;N Diphenylsuccin-naphthylamic acids (WREN and Wricut), 136, 140. 

C..H,,0,N, . Tetramethylene glycol bis-a-naphthylurethane (BENNETT and Hzatu- 
COAT), 272. 

C.,H;,0,N, Di-(2:5-dimethoxyanilino)aceto-2:5-dimethoxyanilide (GuLLaND, 
Kosinson, Scott, and THORNLEY), 2927. 

CosHs.0,N, 3-Bis-(6:7-dimethoxy-3:4-dihydrotsoquinolyl-1-)butane, and its salts 
(CHILD and PyMAn), 2016. 

C..H;,0,.N, Sebacodi-8-phenylethylamide (Cu1Lp and Pyman), 2015. 

CogH5,0,N, 3-Bis-(6:7-dimethoxytetrahydroisoquinolyl-1-)butane, and its salts 
(CHILD and PyMAN), 2017. 

C.,.H;,0,N, Adipodi-8-veratrylethylamide (CHILD and Pyman), 2016. 


26 IV 
C.,H,,0,.N,Br Dibromo-2:2’-disalicylideneaminodiphenyls (LE Ffévre), 736. 
C.,H.,N.Cl,Te 4:4’- Diphenyldimethyldiaminodiphenyl telluridichloride (MorcaN 
and BURGESS), 1105. 


C., Group. 
C.,H,,0, 3-Phenylbenzo-8-naphthaspiropyran (HEILBRON and IRvING), 940. 
C.,H,,O 9-Benzhydrylanthrone (BARNET ~ and Goopway), 813. 
C.7H.,0,, Hexa-acetylquercetagetin (BAKER, Nopzu, and Rosrnson), 83. 
C,,H,,0 2:6-Dibenzylphenyl benzyl ether (SHorT and Stewart), 555. 
4-Ethoxytetraphenylmethane (HARDY), 1004. 
C.,H,,0, 1:2:3-Tribenzyloxybenzene (BAkER, Nopzv, and Rosinson), 77. 
C,,H..0,. Tetra-acetyl-8-glucosidoxyxanthones (ROBERTSON and WaTERs), 2240. 
H.01s Tetra-acetyl-7-8-glucosidoxy-l-hydroxyxanthone (RoBERTSON and 
ATERS), 2241, 
Cx7H.,0,, 7-0-Tetra-acetyl-8-glucosidoxy-l-acetoxyxanthone (ROBERTSON and 
Watzrs), 2242, 
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FORMULA INDEX. 27 11—28 Ill 


CH..0 Ergosta-dienones (HEILBRON, JOHNSTONE, and SPRING), 2254. 
Ergosterol, isomerides of (HEILBRON, SEXTON, and Sprine), 926 ; acetylation and 
catalytic hydrogenation of (HEILBRON and Sexton), 921. 
C.,H,O Dihydroergosterols, isomeric (HEILBRON, JOHNSTONE, and SPRING), 2248. 
Zymosterol, isolation of (HEILBRON and SExTon), 2255, 
Cx7HygO Dihydrozymosterol (HEILBRON and Sexton), 2257. 
27 Ill 
C.,H,,0C], 1:5-Dichloro-9-benzhydrylanthrone (BARNETT and Goopway), 21. 
C,,H.,0,N; 0-Benzamidophenylg)yoxylanilideanil (CALLow and Hope), 1198. 
ary eae glycol bis-a-naphthylurethane (BENNETT and HEATH- 
COAT), 
C.7H,,0,;N; m-Diethylaminophenolcinchomeronein (TEWARI), 1643. 
C,7Hy0.N, 2-Carboxy-trans-decahydronaphthalene-2-acet-p-toluidide (Rao), 1966. 
Co7HygO,N, ae-Bis-(6:7-dimethoxy-3:4-dihydroisoquinolyl-1-)pentane, and _ its 
salts (CHILD and Pyman), 2018. 
C27H3s0,N, Nonane-1:9-dicarboxydi-8-phenylethylamide (CHILD and Pyman), 
2015. 


C.,H;.0,N, ae-Bis-(6:7-dimethoxytetrahydroisoquinolyl-1-)pentane hydrochloride 
(CHILD and Pyman), 2019. 
C.,Hs3s0,N, Pimelodi-8-veratrylethylamide (CHILD and PyMAN), 2016. 
Cz7Hy,O,P Cholesteryl dihydrogen phosphate, and its barium salt (PLIMMER and 
BurcH), 282, 296. 
27 IV 


C,,H2:N,IS, Dimethyldibenzthiocarbocyanine iodides (HaMER), 2604. 


C., Group. 


C,sHi, isoDianthranyl (BARNETT and Goopway), 814. 
C.,.H,. 10-Benzhydryl-9-methylanthracene (BARNETT and Goopway), 1757. 
28 II 
C.sH,,0, 2:2’-Dihydroxy-1:1’-dianthranolyl (HARPACRE and PERKIN), 187. 
C.sH,,0, 3’-isoPropyldi-8-naphthaspiropyran (HEILBRON and IRviNG), 942. 
notin ea ee ee ee (BARNETT and Goop- 
way), 1757. 
Diphenyldi-o-tolylpinacolin (Hatt), 1632. 
o-Toluoyldiphenyl-o-tolylmethane (Hatr), 1632. 
C.sH,,0 4-Ethoxy-3-methyltetrapheny]methane (Harpy), 1009. 
C,,H,,0, 3:4:5-Trimethoxytetraphenylmethane (Harpy), 1005. 
C.,H.,0, 5-Hydroxy-6:7:3’:4’:5’-pentamethoxy-2-styrylisoflavone (BAKER and 
Rosinson), 159. 
C.sH.,0,, 7-0-Tetra-acetyl-8-glucosidoxy-l-methoxyxanthone (RoBERTSON and 
WATERS), 2243. 
28 III 


C.sH,,0,I,  2:2’-Di-iodo-3:3’-dihydroxydianthrone (HARDACRE and PERKIN), 
1190. 


C.,H,,0,S, 2:3-Ditoluene-p-sulphonylanthragallol (PERKIN and Story), 1417. 
C.,H.,O,N, Substance, from mm’-dinitrobenzil and o-tolidine (Boon and Nisbet), 
1902. 


C.sH,;0,N Ethyl diphenylmethylphthalimidomalonate (HARINGTON and McCart- 
NEY), 896. 
C.sH.,0,N, Decahydronaphthalene-2:2-diaceto-p-toluidides (Rao), 1962, 1969. 
Benzylidenestrychnine (PERKIN and RoBINson), 998. 
C.sH.,0,N, Benzylidenedihydrostrychnine (PERKIN and Rosinson), 982, 
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28 III—30 II FORMULA INDEX, 


C.sFig00i0N, 2’-Nitro-3’-4’-dimethoxyphenylaceto-8-3-(2”-nitro-3”:4”-dimethoxy. 
phenylacetamido)phenylethylamide (GULLAND, HawortTu, and VIRDEN), 1672, 

C.,H,0,N, Decane-1:10-dicarboxydi-8-phenylethylamide (CHiLp and Pyman), 
2015. 


C.sHyO,N, 5-Bis-(6:7-dimethoxy-2-methyltetrahydroisoquinolyl-1-)butane, and 
its hydrochloride (CHILD and Pyman), 2018. 
C.sH..0,N, Suberodi-8-veratrylethylamide (Carp and PyMan), 2016. 
CrsHON, Ergosta-dienone semicarbazones (HEILBKON, JOHNSTONE, and Sprinc), 
4. 


28 IV 
C,sH,.N.IS, 2:2’:8-Trimethy]-5:6:5’:6’-dibenzthiocarbocyanine iodide (Hamer) 
2606. 


C,,H,,0;NS_ 0-p-Toluenesulphonylbenzylidene-d/-isodiphenylhydroxyethylamines 
(Reap, CAMPBELL, and BARKER), 2312. 


C.;H,.,0,N,AS, 3:8’-Diamino-4:4’-di-p-acetamidoanilinoarsenobenzene (BARBER), 
475. 


Cz Group. 


C..H,,0 Triphenylmethylnaphthols (Harpy), 1006. 

C.sH.,0,,; 0-2:4-Dimethoxybenzoyl-O-acetylmorin 3:2’:4’-trimethyl ether (Rost- 
SON and VENKATARAMAN), 64. 

C.oH,,0 4-Hydroxy-2-methyl-5-isopropyltetraphenylmethane (HARDY), 1006. 

C.»H;,0, 3’-Octylbenzo-8-naphthaspiropyran (HEILBRON and IRVING), 942. 

C.,H,,0, Ergosterol acetates (Hz1LBRon and Sexton), 925; (HEILBRON, Jouy.- 
STONE, and Sprinc), 2253 ; (HEILBRON and Sprinea), 2809, 


C.5H,.0, Dihydroergosterol acetates (HEILBRON, JOHNSTONE, and Sprine), 2252; 
(HEILBRON and Sprin@), 2809. 
Zymosterol acetate (HEILBRON and SExTon), 2256. 
C.,H,,0, Dihydrozymosterol acetate (HEILBRON and SExTon), 2257. 
C,,H;,0 Cholesteryl ethyl ether (PLIMMER and Burca), 296. 


29 Ill 


C.,H..0,S, Ditoluene-p-sulphonyl-1-benzylidenecoumaran-2-one (PERKIN and 
Srory), 1420. 


C.,H.,0,;N 5-Nitro-1:2:3-tribenzyloxybenzene (BAKER, Nopzv, and Rosrxsoy), 
77. 


C.9H3,0,,N, 2’-Nitro-3’:4’-dimethoxyphenylaceto-8-3-(2”-nitro-3”-4”-dimethoxy- 
phenylacetamido)-4-methoxyphenylethylamide (CALLow, GwvULLAND, and 
Haworts), 1454. 

C.9H3,0,N, Methoxybenzyldihydrostrychnidine (PERKIN and Rosrnson), 1000. 

C..H,,0,.N, Methoxybenzyltetrahydrostrychnidine (PERKIN and Rosinson), 991. 

C.5H,.0,N, Azelaodi-8-veratrylethylamide (Cu1Lp and Pyman), 2016. 

C.,H,,0S, Methyl cholesterylxanthate (Bosz and Doran), 2246. 


29 IV 
C.,H.;N.BrS, 2:2’-Diethyl-5:6:5’:6’-dibenzthiocarbocyanine bromide (HAMER), 
2605. 


C.,H,;N,IS, Diethyldibenzthiocarbocyanine iodides (HAmMER), 2605, 


C,.H.,0,, Triacetylsyringetin 4’-benzyl ether (HEAP and Rosrnson), 72. 
CsoH3,0, Di-p-tolyldi-o-tolylpinacol (Harr), 1631. 
Cyo9H.O, Bis(styryl hexyl ketones) (HEILBRON and IrviNnG), 935. 
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FORMULA INDEX. 30 III -33 III 


30 III 


CzoH2s0,N Ethyl di-(4-methoxyphenyl)methylphthalimidomalonate (HaRINGTON 
and McCartney), 893. 

C3,Hs,0,N., Benzylidenebrucine, and its hydrochloride (PERKIN and Ropinsoy), 
998. 


Cs>HioO.N, «8-Bis-(6:7-dimethoxy-3:4-dihydroisoquinolyl-1-)octane, and its salts 
(CHILD and Pymay), 2020. 
CsoHO,N. Sebacodi-S-veratrylethylamide (CHILD and Pyman), 2016. 
30 IV 
CyH.,N.IS, 8-Methyl-2:2’-diethyl-5:6-5’:6’-dibenzthiocarbocyanine 
(HamER), 2606. 


C3: Group. 
C;,H,,0 Diphenylyl-4-hydroxytriphenylmethane (Harpy), 1009. 
31 III 


C,,H.,0.N Dibenzylphenol-a-naphthylurethanes (SHORT and STEWART), 555. 
C;,H..0,N, Nonane-1:9-dicarboxydi-8-veratrylethylamide (CHILD and Pyman), 
2016. 


C2 Group. 


C.:H,,0, Diacetoxydianthraquinonyls (HaaDACRE and PERKIN), 186, 189. 
C;:H..0, 5-Hydroxy-7-cinnamoyloxy-3-phenyl-2-styrylbenzo-y-pyrone (BAKER and 
KasTwoop), 2902. 
C2Hs90, 0-Benzylsyringic anhydride (HEAP and RoBrnson), 71. 
Cs:H,,0, Bis-(4-isopropy! styryl isobutyl ketone) (HEzILBRON and IRvina), 934. 
Bis(styryl n-heptyl ketone) (HEILBRON and IRVING), 935. 
C;,H,,0, Bis-(4-methoxystyryl n-hexyl ketone (HEILBRON and IRVING), 935. 


$2 Ill 
C,.H,,0,I,  3:3’-Di-iodo-2:2’-diacetoxyhelianthrone (HARDACRE and PERKIN), 
184. 


C,,H;,0,N, 2:3-Dimethylnaphthaquinoxaline (HENDERSON), 468, 
C,,H,,0,N, Decane-1:10-dicarboxydi-8-veratrylethylamide (Ca1LD and PymMan), 
2016. 


C;.H,,0,P Dicetyl hydrogen phosphate, metallic salts (PLImMER and Burca), 
281. 


32 IV 
C,,H,,0,CIP Dicetylphosphory! chloride (PL1mmER and Burcn), 281. 


C;; Group. 


C,;H,.0, 4:4’-Dihydroxy-3:3’-dimethoxydianthrone (PERKIN and Story), 1419. 

C,,H.,0, 7-Cinnamoyloxy-3-p-methoxypheny]-2-styrylbenzo-y-pyrone (BAKER and 
EasTwoop), 2903. 

C,;H,,0 9-Phenyl-10-benzhydry]-9:10-dihydroanthranol-9 (BARNETT and Goop- 
way), 1757. 

C,;H;,0, 3’-Octyldi-8-naphthaspiropyran (HEILBRON and IrviNG), 943. 

33 III 

C,;H,,0Cl, iso-1:5-Dichloro-9-phenyl-10-benzhydryl-9:10-dihydroanthranol (Bar- 
NETT and Goopway), 22. 

C;3;H,,0,,.N, Palmitin di-p-nitrobenzoate (FAIRBOURNE and CowDREY), 135. 
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34 I—81 III FORMULA INDEX. 


Cs, Group. 
Cy,H,, 10-Benzhydryl-9-benzylanthracene (BARNETT and Goopway), 1757. 
34 II 


Cy,H,,0 10-Benzhydryl-9-benzyl-9:10-dihydroanthranol-9 (BARNETT and Goop- 


wAy), 1757. 
C3,H,,0, Bis(styryl n-octyl ketone) (HEILBRON and Irvine), 936. 


C;; Group. 
C,;H:,0;N Tribenzoyl derivative of 88-di-(4-hydroxypheny]) ethylamine (Han. 
INGTON and McCartney), 895. 
Cae Group. 
C;,H,.0, Diacetyl-2:2’-diacetoxy-1:1’-dianthranolyl (HARDACRE and Prrxiy), 
187. 


36 III 
C3,H.0;I, | Diacety]-2:2’-di-iodo-3;3’-diacetoxydianthranol (HARDACRE and 
PERKIN), 190. 


Cu Group. 


CyoHs,0,, Hexa-acetoxydianthrone (HARDACRE and PERKIN), 192. 


Cw Group. 
Cy.H.OSi, Tri-p-tolylsilicyl oxide (SrrELE and Kriprrne), 358. 
42 V 
C,,H;,0,N,Cl,Co, Hexabenzylaminetrihydroxodicobalt trichloride (PERCIVAL and 
Warp.aw), 1321. 
Cy Group. 
Cy.Hy,0,, Octa-acetoxydianthranol (HarpacrE and Perkin), 192. 


Cy, Group. 
C,,H;,0, 1:3-Dimethoxy-4:6-bistriphenylmethylbenzene (Harpy), 1005. 


C.,, Group. 


CysH,,0,P Tricetyl phosphate (PLIMMER and Burcn), 282. 


C;, Group. 


Cy.H,,0,P_ Dicholesteryl hydrogen phosphate, and its barium salt (PLimmzR and 
Burow), 283. . 


Cs. Group. 


CseH5Si, Octa-p-tolylsilicotetrane (STEELE and Kipprne), 2547. 
Octa-p-tolyleyclosilicotetrane (STEELE and Kippine), 2548. 


56 III 
C,,H;,OSi, Octa-p-tolylsilicotetrane oxide (STEELE and Krppine), 2548. 
CseHs1,Siy Octa-p-tolylsilicotetrane di-iodide (SteELE and Kirrrne), 2547. 


Cs: Group. 
C.,H,3,0,P Tricholestery] phosphate (PLimmeER and Burcu), 283. 
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Vot., 1927. 

Page Line 

551 14 = after “‘m. p. 98—100°” insert “‘ which become anhydrous when 
dried in a vacuum over phosphoric oxide and then melt at 
143—1465° (decomp.).” 

551 19* for‘*m. p. 151°” read “ m. p. 155—156°.” 

551 12* for “m. p. 166—167°” read “ m. p. 171—172°.” 

651 4* after “oil” insert “(which crystallises on long standing and 
separates from benzene in colourless prisms, m. p. 114—115°, 
very soluble in water. Found: C, 55:1; H, 5°0. C,,H,,0, 
requires C, 55:0; H, 5°0%).” 

2 form. p. 104—105° ” read “‘m. p. 117—118°. - 


Vot., 1928. 
Equation (7) for “ (DT)**” read ** ( DT)33.” 


Vou., 1929. 


Formula (I) insert a bond sign between CH and the benzene nucleus on 
the right. 
3* for‘ 2-amino-6-methylphenarsazinic acid ” read ‘‘ 3-amino-o-tolyl- 
arsinic acid.” 
20* for ‘“‘m. p. 223—230°” read *‘m. p. 228—230°.” 
6 for ‘“*EaypTtan UNiversiry, Carro”’ read ‘‘ UNIVERSITY OF 
MANCHESTER AND THE EGyptTiaAN UNIVERSITY, CaIRo.” 
2* for “‘two members” read ‘‘ two additional members.” 
20} delete ‘‘as usual, it is of opposite sign.” 
7* delete ‘‘ of opposite sign.” 
14 for ‘* production of ionisation by” read “‘ production by ionisation 
of.” 
7* for ‘*acetone-carbon disulphide” read ‘‘acetone-carbon dioxide.” 
10* for “‘CH,-CO,H” read **CH,-CO-CO,H.” 
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LIST OF PHYSICO-CHEMICAL SYMBOLS, 


List of Physico-chemical Symbols adopted by the Chemical Society. 
[See J.C.S., 1921, 119, 502—512.] 


1. Mathematical Symbols. 


| Usual 
symbol. 

Base of natural Pee bss onseel ove 
Diameter snuineninadeled were 
Ratio of circumference to diameter 
ave ccksug di cactdaccsdeetnibeninasenvenees 
Variation .... PSE ES ey ee ee 
Total differential | incnidlaiks secanekedaeaebeks 
Partial differential 








cROrNA TAO 


2. Universal Constanis. 


Acceleration due to gravity........sseseeseeees 

Mechanical equivalent of heat oesee 

Avogadro’s constant [number of molecules 
in 1 gram-molecule (mole) ]......... 

Gas constant per mole ..........+.+ 

Faraday’s constant (number of ‘coulombs 
per pay > toga of an ener 

Charge on an electron ... 








3. General Physics and Chemistry. 


TAREE  cccccoveccecccssevicntiocsesesenusseceviseeie 
Height ce ccc csc cco concedes csacnsbegnavebbocd ansvoenie 


Time ssend 
Volume ....... 
Density (mass Per unit it volume) © 
Concentration ciaindnsedscavecnsadant veaebeeuaen 
Mole fraction .. ‘eu 
Critical constante : pressure, volume, tem- 
perature (centigrade), temperature 
(absolute), density csnbekeudtdeucebas 
uced quantities: pressure, volume, 
temperature, density 040 sb6 dee deo 
van der Waals’s constants ..........sesseeseese 
Fluidity deontepeoctobunubhen 
Ser ny SE 4 SRA EN LEME TT: 
Diffusion coefficient ...........+.sesss senses seeees 
Atomic weight ..........0.sseceeeseees 
Molecular weight ..... enebdedsebscbins 
Velocity coefficient of UOGMDEIY “ncnnntasensec si 
Equilibrium CONBEANE 2.00. -eeeereeererereereere | 
van’t Hoff coefficient ...... wens" | 
Degree of dissociation (electrolytio, ‘thermal, | 


ete. SOO COO COSTES SES EES SEH EOS SEE OEEEOEEOS BOE SEe 


e® 


- 
TF 


> 


i 
5 od 
oo 


> 
a 
~ 


Empresas 


i 
o Pe 
‘al 
& 








LIST OF PHYSICO-CHEMIOAL SYMBOLS. 


4. Heat and Thermodynamics. 
Usual Alternative 


symbol. symbol, 
Temperature (centigrade) t t) 
Temperature (absolute) outs veneenvin i 
Critical temperature — ..,......seceseseseeeeeees te 1. 
Reduced temperature .........sseceeceseeeceeees tr, T, 
Critical solution temperature . cbadesdttedserete ay Fe 
Quantity of heat ....... seencccoesesessee Q 
Entropy . 
Specific heat . _— 
Specific heat at constant pressure . 
Specific heat at constant on 
Ratio of specific heats, cy, : &. 
Molecular heat . esecccaee 
Molecular heat at constant pressure 
Molecular heat at constant volume 
Latent heat per Qram ........sceeceeceeceecee ees 
Latent heat per mole ....... 
Maximum work (diminution ‘of free energy) 








5. Optics. 


Wave-length of light eocceatncsnaences A 
Refractive index .... n 
Specific refractive power ‘(Gladstone ‘and 

Dale) ...... ereceeceece Ta, [rely 
Specific refractive power (Lorentz. ‘and 

Lorenz) PTITITITITITITTITT TTT tT TL, (rch, 
Molecular refractive power ’ aK Re, Ry 


(Reh, (Rik 
Angle of optical rotation . a 
Motel rotatory power eidainssbiehunaees [a] 
Olecular rotatory POWET  ........seeeceeceeeee M[a} 
Cific Magnetic TOtAtION .........+0. see eeeeee {w] 
sbelsoular Magnetic rotation ........+ceseeeeee M{[w] 








6. Electricity and —— 


Quantity of nw * jabdeb eeaseatenste 
Current intensity . ogee tence 
Electromotive force ...... 
Electrode potential, or discharge potential 
ofanion .... 

Electrode potential ‘referred. to “the ‘normal 
hydrogen or normal calomel electrode 
respectively, the — of which is | 
taken as zero . 

Normal potential, i. en, "the electrode poten- 
tial referred to the normal hydrogen or 
normal calomel electrode respectively, | 
when the solution is molecular-normal 
in respect of all participating sub- 
stances and ions of variable concentra- 
tion . ose 0 ee ced evecccccesccceccescesces 

Dielectric constant... wheres 

Conductivity (s a ere. conductance) . oon tveens 

Equivalent con _— 

Equivalent condustivity ‘at different dilu- 
tions—volumes in litres containing 
1 gram-equivalent  ......-+-seeseeceecee ese 








LIST OF PHYSICO-CHEMICAL SYMBOLS. 


6. Hlectricity and Magnetism—(continued). 


Usual | Alternative 
symbol. symbol. 
Equivalent conductivity of kation and _ 2 
of anion eeeeee Ars Ng 
Equivalent conductivity ‘of specified i ions.. Ax: Aq 
Molecular conductivity ..... “ 
Velocity of kation and of anion in cm. / gec. 
when the potential gradient is 1 volt 
percm. ... Ui, Uz 
Transport number of ‘kation ‘and of anion . Ny, Ng 
Magnetic permeability .. h saigiiioniniaieisie im 
Magnetic susceptibility eovccccsccessesccsccccss | Kk 








Ist of Symbols, Arranged Alphabetically. 


Symbol. Name of quantity. 


Atomic weight ; maximum work. 

Van der Waals’s constant. 

Van der Waals’s constant. 

Concentration; molecular heat. 

Concentration ; specific heat. 

Molecular heat at constant pressure, and at constant 
volume. 

Specific heat at constant pressure, and at constant volume. 

Alternative symbol for density. 

Diameter; total differential; density. 

Critical density. 

Reduced density. 

Electromotive force; electrode potential. 

Base of Napierian logarithms; charge on an electron. 

Electrode potential referred to the normal hydrogen or the 
normal calomel electrode, respectively, the potential 
of which is taken as zero. 

Normal potential, that is, the electrode potential referred to 
the normal hydrogen or the normal calomel electrode 
respectively, when the solution is molecular-normal in 
respect of all participating substances and ions of 
variable concentration. 

Faraday’s constant (number of coulombs per gram-equiv- 
alent of an ion). 

Acceleration due to gravity. 

Height. 

Current. 

Van’t Hoff’s coefficient. 

Mechanical equivalent of heat. 

Equilibrium constant. 

Equilibrium constant, when molar concentrations and 
partial pressures respectively are employed. 

Velocity coefficient of reaction. 

Latent heat per mole. 

Length; latent heat per gram. 

Molecular weight. 

Molecular rotatory power. 

Molecular magnetic rotatory power. 


Avogadro's constant (Loschmidt’s number) or number of 
molecules in 1 gram-molecule. 
Refractive index. 








LIST OF PHYSICO-CHEMICAL SYMBOLS. 
phe ae SO 


List of Symbols, Arranged Alphabetically—(continued). 
Symbol. Name of quantity. 


he, Me Transport number of kation and of anion. 

n, Refractive index (alternative symbol). 

P | Pressure. 

p Pressure. 

Dey Pr Critical pressure : reduced pressure. 

Q Quantity of heat; quantity of electricity. 
R Gas constant per mole; electrical resistance. 

Re, Ri Molecular refractive power, according to Gladstone 
Dale, and to Lorentz and Lorenz respectively. 

Radius. 

Specific refractive power according to Gladstone and Da 
and to Lorentz and Lorenz respectively. 

Entropy. 

Absolute temperature. 

Critical temperature (on the absolute scale). 

Reduced temperature (absolute). 

Critical solution temperature (absolute). 

Time; temperature (centigrade). 

Critical temperature (centigrade). 

Critical solution temperature (centigrade). 

Reduced temperature (centigrade). 

Velocity of kation and of anion in cm./sec. when the poten 
tial gradient is 1-volt per om. 

Volume. 

Volume. 

Critical volume : reduced volume. 

Electrical resistance (alternative symbol}. 

Mole fraction. 

Degree of dissociation (electrolytic, thermal, etc.); angk 
of optical rotation. 

Specific rotatory power. 

Surface tension; ratio of specific heats. 

Diffusion coefficient. 

Variation. 

Partial differential. 

Electrode potential (alternative symbol); dielectric co 
stant. 

Electrode potential referred to the normal hy 
normal calomel electrode respectively, the potent 
which is taken as zero (alternative symbols). 

Normal potential, that is, the electrode potential referred ! 
the normal hydrogen or the normal calomel elevi?« 
respectively, when the solution is molecular-norme! © 
respect of all participating substances and ion: 
variable concentration (alternative symbols). 

Viscosity. 

Temperature (centigrade), (alternative symbol). 

—— conductance (conductivity); magnetic sus ep 

ility. 

Equivalent conductivity. 

Equivalent conductivity at different dilutions (volu: cs 
litres containing 1 gram-equivalent). 

Equivalent conductivity of kation and of anion. 

Molecal —_ a el permeabili 

olecular conductivity ; magnetic ility. 

Ratio of circumference to diameter. 

Summation. 

Surface tension (alternative symbol). 

. Fluidity. 

Specific magnetic rotation. 
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